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PREFACE TO THE 20th EDITION 


I N the preparation of this 20th edition, the Heating, Ventilating, 
Air Conditioning Guide 1942, the objective of the Guide Publication 
Committee has been to present the latest available authoritative infor- 
mation on the various subjects covered in the 47 Chapters. In accordance 
with the policy established by its founders, approximately one-half of 
the Guide chapters have been reviewed. Of these nine were completely 
rewritten and minor revisions were made to nine others. 

A new chapter entitled Fundamentals of Heat Transfer has been added 
which includes the basic equations for conduction, convection and radia- 
tion. A detailed solution is given for a problem involving all three 
mechanisms of heat transfer. This new Chapter 3 in Section I Principles, 
should prove very helpful to many Guide readers. Except for the 
insertion of this new chapter, there has been no change in the order of 
subject presentation. 

Some revisions have been made in the text of the chapter on Thermo- 
dynamics of Air and Water Mixtures. The Mollier Diagram for Moist 
Air, which first appeared in the Guide 1941 has been redrawn, and a 
new Volume Diagram for Moist Air has been added. Both will be found 
in the pocket on the inside of the back cover. 

Material in the chapter on Physiological Principles has been revised 
to include current knowledge on the thermal interchanges taking place 
between the body and the environment, which has been prepared from 
results observed at the A.S.H.V.E. Research Laboratory and in co- 
operative institutions. 

The chapter on Central Systems for Comfort Air Conditioning has 
been completely rewritten and the revision of the chapters on Air Distri- 
bution, Air Duct Design, Sound Control and Fans provides new data on 
the design of air handling systems. The new air friction chart developed 
at the A.S.H.V.E. Research Laboratory is included in the Air Duct 
Design chapter. The material on Sound Control contains additional 
information on machinery isolation and detailed information has been 
included for calculating the attenuation in a duct system with various 
sound absorbing treatments. 

The chapter on Radiant Heating has undergone major revisions, and 
now contains the essential data necessary for the design of radiant 
heating systems. A new chart has been added to the chapter on Pipe 
and Duct Heat Losses for determining the heat gain or loss from an 
insulated duct. A group of refrigerating graphical symbols for drawings 
have been added to the chapter on Terminology. 



In addition to' the chapters specifically mentioned, the following were 
als^ reviewed] "aii^ revised: Combustion and Fuels, Automatic Fuel 
^Burning^Equipilierit] Radiators and Convectors, Pipe, Fittings, Welding, 
Heat Xrjaasfer Surface Coils, Spray Equipment, Air Pollution, Air 
Cleaniilg" Devices, Natural Ventilation, and Water Supply Piping and 
Water Heating. 

The greater part of the text of the Guide results from the contribu- 
tions of many individuals submitted over a considerable period of years. 
The Guide Publication Committee acknowledges its indebtedness to all 
those who have participated in the compilation of earlier editions. The 
Committee also wishes to thank the many Guide users for their helpful 
suggestions, many of which were used in the preparation of this Guide 
1942. 

Special thanks are due to the following men who have assisted the 
Committee and have contributed the new material which appears in 
this edition: 


T. N. Adlam 

L. M. K. Boelter 
Sabin Crocker 
R. C. Edwards 

M. K. Fahnestock 
John A. Goff 

W. A. Grant 
E. C. Hack 
W. E. Heibel 


Saburo Hori 
F. C. Houghten 
S. Konzo 
S. R. Lewis 
A. L. London 
M. W. McRae 
H. B. Meller 
A. R. Mumford 
E. T. P. Neubauer 
H. B. Prewitt 


W. C. Randall 
Ralph Sedan 
A. E. Seelig 
R. J. Tenkonohy 
J. H. Van Alsburg 
H. A. Wagner 
E. C. Webb 
E. P. Wells 
William Yerkes 


Still others who have assisted in the preparation of this Guide and 
who merit the thanks of the Committee are the members of the Com- 
mittee on Research, authors of papers, and the many men who willingly 
gave their time in the review and editing of the material. 

The reader’s attention is also directed to the Catalog Data Section and 
careful inspection of this section is recommended. Concise information 
on many types of equipment is included in this section, and it has been 
carefully arranged in logical sub-divisions to facilitate its use. 

This 1942 edition of the Guide is released with the sincere hope that 
its users will find that it is a fitting tribute to those whose 20 years of 
unselfish service have contributed so much to the advancement of 
heating, ventilating and air conditioning. May this Guide be as useful 
as its predecessors. 

GUIDE PUBLICATION COMMITTEE 
C. M. Humphreys, Chairman 

P. D. Close A. J, Offner 

C. S. Leopold M. F. Rather 

John James, Technical Secretary 
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CODE of ETfflCS for ENGINEERS 

E ngineering work has become an increasingly important factor 
’ in the progress of civilization and in the welfare of the community. 
The engineering profession is held responsible for the planning, construc- 
tion and operation of such work and is entitled to the position and 
authority which will enable it to discharge this responsibility and to 
render effective service to humanity. 

That the dignity of their chosen profession may be maintained, it is 
the duty of all engineers to conduct themselves according to the principles 
of the following Code of Ethics : 


1 — The engineer will carry on his professional work in a spirit of fairness 
to employees and contractors, fidelity to clients and employers, loyalty 
to his country and devotion to high ideals of courtesy and personal 
honor. 

2 — He will refrain from associating himself with or allowing the use of his 
name by an enterprise of questionable character. 

3 — He will advertise only in a dignified manner, being careful to avoid 
misleading statements. 

4 — ^He will regard as confidential any information obtained by him as to 
the business affairs and technical methods or processes of a client or 
employer. 

5 — He will inform a client or employer of any business connections, in- 
terests or affiliations which might influence his judgment or impair the 
disinterested quality of his services. 

6 — He will refrain from using any improper or questionable methods of 
soliciting professional work and will decline to pay or to accept com- 
missions for securing such work. 

7 — He will accept compensation, financial or otherwise, for a particular 
service, from one source only, except with the full knowledge and 
consent of all interested parties. 

8 — ^He will not use unfair means to win professional advancement or to 
injure the chances of another engineer to secure and hold employment, 

9 — He will cooperate in upbuilding the engineering profession by exchang- 
ing general information and experience with his fellow engineers and 
students of engineering and also by contributing to work of engineering 
societies, schools of applied science and the technical press. 

10 — He will interest himself in the public welfare in behalf of which he will 
be ready to apply his special knowledge, skill and training for the use 
and benefit of mankind. 
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Abatement, smoke, 566 
Abipreviations, 844 
Absolute 

humidity, 837 
pressure. 837 
temperature, 4, 837 
zero, 837 

Absorbents, 463, 466 
process, 466 

temperature, pressure, concentration, 467 
Absorbers 
duct sound, 636 
outlet, 641 
plate cells, 638 
plenum, 637 

Absorption systems, 490 
Acceleration, 837 
Acclimatization, 52 
Activated carbon, 578 
Adiabatic, 837 
mixing, 

injected water, 30 
two air streams, 29 
saturation, 33 

Adjustable speed motors, 684 
Adsorbents, 463 
process, 464 

temperature, pressure, concentration, 464 
Agitated drier, 742 

Air 

change measurements, 676 
chemical vitiation of, 37 
circulation in drying, 747 
classification of impurities, 561 
cleaner, 837 
cleaning devices, 572 
classification of, 572 
requirements, 570 
testing, 571 
combustion, 160 
conditioners, 443 
conditioning processes, 28 
cooled condensers, 493 
currents, 677 

dehumidification, 524. 542 
distribution. 383, 595 
balancing system, 608 


Air, distribution {continued) 
definitions, 595 
factors in room cooling, 000 
factors in room heating, 602 
furnace systems. 383 
railway car, 710 
standards for, 597 
duct design, 609 
dust concentrations, 564 
excess, 161 

filter, railway car, 711 
flow resistance of coils, 519 
friction chart, 612 
impurities, 661 
infiltration, 115 
nature of, 115 
through walls, 116 
leakage, 115 

line heating systems, 271 
moist, 8 

movement, influence of, 64 
movement, measurement of, 675 
outdoor, 399 

physical impurities in, 41 
pollution. 661, 604 
abatement, 566 
quantity, 408 
saturated, 9, 842 
secondary, 162 
space conductance, 87 
standard, 842 
sterilization of, 700 
supply opening noise, 603 
temperature, 65 
theoretical requirements, 101 
thermodynamics of, 1 
washers, 601, 637, 575, 837 

Air conditioning, 837 
automobiles in summer, 714 
central system, 893, 792 
comfort, 838 
industrial, 717 

atmospheric conditions required, 717 
calculations, 726 
classification of problems, 720 
general requirements, 720 
hospitals, 708 
metabolism, 49 
passenger bus in summer, 718 
railway passenger car, 711 
relation to metabolism, 49 
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Air conditioxiin^ {continued) 
stoker-fired, unit, 202 
transportation, 709 
treatment of disease, 697 
high temperature hazards, 704 
unit, 443 
Airfoil fan, 581 
Allergic disorders, 705 
apparatus, 705 
asthma symptons, 705 
hay fever symptoms, 705 
limitations of air conditioning methods, 706 
Alternating current motors, 685 
Aluminum oxide, 463 
Ammonia, 480 
Anemometer, 837 
deflecting vane, 677 
propelling, 678 
revolving vane, 678 
Anesthetics, 698 
Angle factors, 79 
Anthracite coal, 167 
firing methods, 168 
Apparatus dew-point, 403 
Areas of circles, 855 
Aspect ratio, 596 
Asthma symptoms, 705 
Atomizing oil burner, 207 

Atmospheric 

conditions for industrial processes, 717 
pressure, 837 

water cooling equipment, 543 
make-up water, 559 
sizes, 547 

winter freezing, 660 
Atomizing humidifiers, 541 

Attenuation 
ducts, 635 
elbows, 635 
grilles to room, 636 

Attic 
fans, 459 
costs, 460 
location, 460 
types, 460 
ventilation, 112 

Automatic 

controls, 385, 647 {see Controls) 
purpose of, 647 
types of, 648 

fuel burning equipment, 197 
Automobile air conditioning, 714 
Axial flow fans, 581 


B 


Baffle, 837 

Bare pipe heat loss, 771 
Barometer, 673 
Basement heat loss, 112 
Biochemical reactions, 
control of rate of, 724 
Bin-feed stoker, 200 
Bituminous coal, 168 
firing methods, 170 
Blast, 837 
Body, 

adaptation to hot conditions, 46 

heat loss, 50, 800 

odor, 3^ 

surface area, 62 

thermal interchanges, 42 

Boiler, boilers, 837 
capacity for unit heaters, 429 
castriron, 235 
cleaning steam, 250 
connections, 248, 298 
Harford return, 298 
return, 298 


Boiler, connections {continued) 
sizing, 299 
steam, 298 
efficiency, 242 
electric, 793 
erection, 249 
fittings, 248 
furnace design, 238 
gas-fired, 213, 237 
selection of, 246 
gas-fired units, 213 
conversions, 247 
selection of, 246 
heating, 235 
heat transfer rates, 240 
hot water supply, 238 
insulation, 252 
maintenance, 249 
oil-fired units, 209 
operation, 249 
output, 241 

physical limitations of, 247 
rating codes, 240 
selection of, 242 

based on heating surface and grate area, 245 
estimated design load, 242 
estimated maximum load, 242 
gas-fired, 246 

hot water supply load, 243 
performance curves for, 244 
piping tax, 243 
radiation load, 243 
warming up allowance, 244 
soot, 177 

, space limitations, 247 
special heating, 237 
steel, 236 

stoker-fired units, 201 
testing codes, 240 
troubles, 250 
Booster fan, 378 
Boyle’s law, 4 
British, 

equivalent temperature, 802 
thermal unit, 837 
Building, bmldings, 121 
condensation, 112 

materials, heat transfer through, 91, 681 
multi-story, air leakage, 121 
Bucket trap, 283 
Burner, oil, 206 
Bus air conditioning, 713 
By-pass, 410, 838 


C 


Calcium chloride, 466 
Calculated heat loss method, 220 
Calorie, 838 
Calorific value, 159 
Capacitor motors, 686 

Carbon 
activated, 578 
dioxide, 162, 484 
monoxide, 682 
Cast-iron boilers, 235 
Ceilings, 
high, 128 
control, 652 
cooling unit, 457 
unit heater, 427, 791 

Central air conditioning systems, 393 
air quantity, 408 
apparatus dew-point, 403 
by-pass, 410 
classification. 393 
design, 398 
design procedure, 424 
equipment arrangement, 421 
equipment selection, 419 
evaporative cooling, 416 
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Central air conditioning systems (continued) 
induction units, 415 
modifications, 395 
outdoor air, 399 
precooling, 417 
reheating, 411 
run-around, 417 
selection, 396 
zoning, 412 
Centrifugal, 
compressors, 485 
condensing unit, 487 
fan, 581 
separators, 577 
Charles’ law, 4 

Chart 

apparatus dew-point, 405 

area and weight of rectangular ducts, 627 

coal fuel burning rate, 222 

comfort, 53 

dew-point, 405 

economical thickness pipe insulation, 784 

effective temperature, 57 

friction air pipes, 612 

friction heads in black iron pipes, 314 

gas fuel burning rate, 224 

heat emission by 

convection from panels, 810 
radiation from panels, 809 
heat loss 
from body, 51 

coefficients insulated ducts, 786 
insulated pipe, 776, 777, 778 
heating values of fuel oil, 754 
humidity in drying work, 748 
inside wall temperatures, 807 
loudness, 604 

loss of pressure in elbows, 615 
maximum flow plumbing fixtures, 816 
Mollier diagram, 23 
oil fuel burning rate, 223 
permissible relative humidities for various 
transmission coefficients, 113 
pressure drop for rates water flow, 818 
rectangular equivalents of round ducts, 614 
psychrometric chart, persons at rest, 56 
solar intensity, 144 
sound attenuation, €40 
surface area human body, 52 
surface conductances, 87 
thickness pipe insulation prevent sweating, 78< 
volume, 21 

well water temperatures, 544 
Chemical 

laboratory hoods, 734 
reactions, 724 
control of rate of, 724 
vitiation of air, 37 

Chimney, chimneys, 179 
characteristics of, 182 
construction details. 196 
determining sizes, 187 
effect, 832 
gas heating, 195 

general considerations for domestic, 194 
Cinders, 567 

Circular equivalents of rectangular ducts, 613 
Circulators, 310 
Circumference of circles, 855 
Classification, 
coals, 165 
cokes, 168 
gas, 175 
oils, 173 
stokes, 200 
Cleaning boilers, 250 
Climatic conditions. 130 
Cloth filters, 541, 577 
Closed expansion tank, 324 

Goal, coals, 
anthracite, 167 
bituminous, 168 
classification of, 165 


Goal (continued) 
dustless treatment, 173 
estimating consumption, 232 
fuel burning rate chart, 222 
lignite, 168 
pulverized, 172 

Coefficients of transmission, S3, 838 
basements, 112 
doors, 111 

floors and ceilings, 105, 106 
frame construction, 102 
^ass block walls, 111 
masonry partitions, 104 
masonry walls, 98 
roofs. 108, 110 
skylights. 111 
unheated rooms, 112 
windows, 111 

Coil, coils, 

air flow resistance, 519 
applications, 517 
arrangement, 510 
construction, 510 
direct-expansion, 513 
dry cooling, 417 
efficiency, 524 
flow arrangement, 516 
heat transfer surface, 509 
performance, 520 
cooling, 520 
dehumidifleation, 524 
heating, 620 
selection, 532 
•' cooling, 634 

dehumidifying, 534 
heating, 533 
steam, 512 
water, 512 
Coke, 

classification of, 168 
estimating consumption, 232 
firing methods. 172 
Cold therapy, 704 
Collectors, 737 
cloth filters, 738 

Combustion, 157, 705 
analysis, 681 
gas, 175 
heat of, 159 
oil. 173 

principles of, 167 
smokeless, 239 
Comfort, 

air conditioning, definition, 838 

air conditioning systems, 393 

cheut, 53 

line, 838 

summer, 62 

zone, 838 

Commercial oil burners, 209 
Compartment driers, 742 
Compound wound motors, 683 
Compressor, compressors, 484 
centrifugal, 485 
reciprocating, 484 
refngeration, performance of, 531 
steam jet, 487 
meters, 335 

Condensation, 
buildings, 112 
interstitial, 113 
return heating systems, 274 
return pumps, 279 
surface, 113 
Condensers, 493 
air cooled, 493 
design data, 547 
evaporative, 495 
water cooled, 494 
Conductance. 838 
air space, 87, 88 
building material, 93 
insulators, 98 
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Conduction, 67, 83S 
drying methods, 743 
electric heaters, 790 
equation, 69 

steady-state solutions, 76 

Conductivity, 69, 84, 838 
bat type insulation, 95 
building boards, 96 
building construction, 96 
building materials, 93 
homogeneous materials, 86 
insulating materials, 779 
insulation blankets, 95 
insulators, 93 
loose-fill insulation, 95 
mason:^ materials, 93 
plastering materials, 96 
reflective insulation, 88 
rigid insulation, 96 
roofing construction, 96 
semi-ngid insulation, 95 
woods, 97 
Conductor, 838 
Conduits for piping, 327 
Constant speed motors, 684 

Control, controls, 
all year conditioning units, 665 
automatic, 385, 647 
fuel appliances, 666 
temperature, 340 
central fan systems, 652 
all year system, 659 
cooling cycle, 656 
dehydrators, 658 
direct dehumidifiers, 658 
economizer, 661 
heating cycle, 654 
humidification, 655 
limit, 662 
refrigeration, 658 
ventilating, 652 
cooling units, 664 
dehydrating equipment, 475 
direct current motor, 693 
draft, 179 
economizer, 661 
electric heating, 797 
electric systems, 648 
equipment for motors, 691 
fan, 593 
gas burner, 667 
gas-fired appliances, 213 
humidity, railway cars, 712 
individual room, 649 
intermediate, 649 
modulating, 649 
motion of equipment, 648 
motor, 683 

multi-speed motor, 694 
odor, 578 

oil burners, 213, 667 
pilot, 692 

pneuniatic systems, 648 
positive acting, 649 
rate of biochemical reactions, 724 
rate of chemical reactions, 7M 
rate of crystallization, 725 
regain, 720 

< refrigeration equipment, 669 
compressor type, 669 
ice cooling, 670 
vacuum refrigeration, 670 
well water. 670 • 

residential systems, 668 
self-Qontain^ systems, 648 
service water temperature, 835 
single phase motor, 696 
single thermostat, 650 
slip ring motor, 695 
small buildings, 649 
squirrel cage motor, 693 
static pressure, 662 
stoker, 206, 668 
two-position control, 649 


Control (continued) 
unit heaters, 663 
unit systems, 663 
unit ventilators, 664 
valves, 302 
ventilator, 767 
zone, 650 

Convection, 67, 838 
drying methods, 743 
equation, 70 
unit conductances, 78 
Convector, convectors, 261, 838 
heat emission, 253 
heating effect, 257 
heating-up, 259 
selection, 263 
Conversion 
burners, 216 
equations, 847 
Coolers, 496 

Cooling, 461 
air-conditioning units, 445 
coil selection, 532 
cycle control, 656 
definitions and methods, 461 
evaporative, 416, 462 
load, 139, 400 
surfaces, 88, 843 
performance of coils, 520 
ponds, 549 
residential, 391 
sensible, 417 
tower 

design, 552 
performance, 559 
units, 456 
control, 664 
defrosting, 458 
features of, 457 
ratings, 458 
types of, 457 
Cooling 

evaporative, 416, 462 
load, 32, 139 
methods. 391 
systems, 393, 461 
unit, 443 
Copper, 

elbow equivalents, 316 
tubing, radiating surface, 775 
Core area, 595 
Corrosion, 362 

industrial exhaust systems, 739 
Crack length, 

used for computations, 121 
Crystallization, 
control rate of, 725 
Cyclones, 577 
Cylinder drier, 742 


D 


Dairy bam yentUation, 768 
Dalton’s law. 8 
Damper, dampers, 384, 595 
back pressure control, 663 
Decibel, 603, 629 
Defrosting, 458 
Degree day, 225, 792 
formula for, method, 226 
unit fuel consumptions, 226 
Degree of saturation, 19, 792 

Dehumidlficatlon, 461, 838 
air conditioning units, 445 
control, 658 

definitions and met^hods, 461 
Dehydrating agents, 463 
Dehydration, 461, 839 
coil selection, 532 


xiii 




HEATING VENTILATING AIR CONDITIONING GUIDE 1942 


Dehumidification {continued) 
controls, 614, 658 
definitions and methods, 461 
economics, 476 
economic comparisons, 477 
equipment 
auxiliaries, 474 
performance, 475 
estimating loads, 473 
liquid methods, 471 
location of equipment, 474 
solid methods, 470 
Density of air, 1, 839 
Dew-point, 403 
temperature, 20, 839 
Dichlorodifluoromethane, 482 
Diffusers, 384 

Direct, 

expansion coils, 513 
fired unit heater, 435 
indirect heating unit, 839 
radiator, 839 
return system, 310, 839 
Direct current motors, 683 
Disc fan, 581 . . . 

Distribution of air, 595 {see Air distnbuiion) 
Distribution factors, 
absorbent, 463, 466 
adsorbents, 463 
rates, 337 
room cooling, 600 
room heating, 602 
District heating, 325 
glossary of terms, 338 
piping, 325 
conduits for, 327 
inside, 331 

overhead distribution, 330 
sizes, 326 
tunnels, 330 
types of, 338 
utilization, 339 
Domestic oil burners, 206 
Door, doors, 

coeffidents transmission, 111 
leakage, 119 
natural ventilation, 766 
Down-feed, 

one-pipe riser, 268, 839 
system, 268, 839 

Draft, drafts, 165 
calculations, 179 
control, 181 
general equation, 189 
head. 839 
mechanical. 180 
natural, 179 
regulation, 165 
requirements, 165 
Drawing symbols, 849 

Driers, 743 
adiabatic, 743 
agitated, 742 
compartment, 742 
constant temperature, 744 
cylinder, 742 
drum, 742 
festoon, 742 
high temperature, 757 
induction, 742 
power, 742 , 

rotary, 742 
spray, 742 
tunnel, 742 
vacuum, 742 
Drip, drips, 306, 839 
Drum drier, 742 

Dry air, 1, 839 
composition, 1 
density, 1 
filters, 675 
spedfic enthalpy, 5 
spedfic volume, 1 


Dry air {continued) 
velodty head, 610 
volume, 20 

Dry-bulb temperature, 839 
Dry cooling coils, 417 

Drying, 741 
combustion, 749 
design, 752 
equipment for, 747 
estimating methods, 759 
factors influendng, 745 
general rules for, 746 
air circulation, 747 
humidity, 746 
temperature, 746 
humidity, 746 
mechanism of, 744 
methods, 741 
conduction, 743 
convection, 743 
estimating, 759 
radiation, 741 
omissions in the cycle, 744 
radiant. 796 
systems, 741 
ventilation phase, 755 
Dry return, 839 
Dual duct, 414 

Duct, ducts, 619 
air velodties in, 621, 736 
attenuation, 636 
construction details, 025 
design, 609, 619 
details. 625 
dual, 414 

elbow friction losses, 614 
friction losses, 610 
heat loss coeffidents, 786 
heat losses, 771, 787 
lining, 638 

measurement of velocities, 078 
noise transmitted, 632 
proportioning the losses, 618 
redrculating, 369 

rectangular equivalents of round, 014 
resistance, 737 
sound absorbers, 636 
symbols for drawing, 850, 861 
system design, 734 
Duct sizes, 619 
air velodties, 620 
equal friction, 621 
general rules, 619 
main trunk, 620 
velodty method, 621 

Dust, 661, 667, 839 
concentrations, 664 
damage caused by, 670 
determination, 6^ 
nature's catcher, 668 
toxidty, 666 


B 


Economizer control, 661 
Effective temperature, 127, 839 {see Temperature) 
chart, 67 
index, 54 
Elbow, 

attenuation, 635 
copper equivalents, 316 
friction duct losses, 610 
iron equivalents, 316 
Electric, electrical, 
boilers, 793 
control systems, 648 
heaters, 790 
conduction, 790 
gravity convection, 791 
radiant, 790 
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Electric {conlinued) 
heating, 789 
auxiliary, 797 

calculating capacitiiea. 797 
central fan, 792 
control, 797 
definitions, 789 
domestic water, 79.»5 
elements, 789 
power problems, 7S97 
resistors, 790 
hot water heating, 7994 
panel heating, 804 
precipitators, 576 
radiant heating, 804 
resistors, 789 
unit heaters, 435, 79 UL 
Electricity, static, 725 
Electrostatic precipitate or, 576 
Emissivity, 89 
commercial surfaces, . 80 
factors, 79 

Enclosed radiator, 260 
Enthalpy, 21, 839 
free, 840 
Entropy, 839 
Equipment, 
arrangement, 421 
selection, 419 
Equivalent 
evaporation, 839 
length of run, 293 
Eupatheoscope, 811 

Evaporative, 
condensers, 495 
cooling, 416, 462 
Evaporators, 496 
Excess air, 161 
Exhaust opening, 595 
measurement of veloc cities, 678 

Exhaust systems, 727 
classification of, 727 
cleaning of gases fromca, 676 
corrosion protection, 7739 
design procedure, 728 i 
ducts for, 734 
air velocities in, 7366 
construction, 735 
design, 734 
resistance, 737 
efficiency of, 739 
hoods, 731 
air flow, 732 

axial velocity forminala for, 731 
chemical laboratorie es, 734 
flexible exhaust sysf items, 734 
large open, 733 
lateral exhaust, 733 8 
spray booths, 734 
suction pressure, 7380 
velocity contours, 7731 
resistance of, 738 
selection of fans, 739 
selection of motors, 7S39 
suction requirements, , 729 
velocity requirements ,8, 729 
Expansion, 
tanks, 324 
valves, 492 


F 


Fan, fans, 382, 581 
arrangement of driveas, 592 
attic. 459 
costs, 460 


location, 460 
types, 460 
axial flow, 581 


Fan (continued) 
booster, 378 
centrifugal, 581 
characteristic curves, 684 
control, 693 
designations, 593 
efficiency, 583 
furnace system, 379 
heating system, 792 
motive power, 594 
noise generated, 633 
performance, 582 
radial flow, 581 
selection of, 590 
air conditioning systems, 591 
selection of exhaust systems, 739 
system characteristics, 588 
volume control, 594 
Festoon drier, 742 
Fever therapy, 703 
equipment for production of, 703 
Film conductance, 84, 522 

F0ter, filters, 382 
cloth, 677, 738 
dry air, 575 
viscous automatic, 575 
viscous impingement type, 572 
viscous type umt, 673 
Fittings, 341 
pipe allowance, 819 
types of, 350 
Flame, 169 
Float trap, 283 
Floor 

cooling unit, 458 
unit heater, 427 
Flow meters, 335 
Fluid meters, 334 
Force, 840 
Forced 

air heating systems, 385 
. circulation pipe sizes, 310 
convection, 68 
Free 

convection, 68 
enthalpy, 840 
Friction loss, 610 

Fuel, fuels, 157 
burning equipment, 197 
coal burning rate chart, 222 
gas burning rate chart, 224 
maximum rate of burning, 224 
oil burning rate chart, 223 
unit consumptions, 226 
utilization, 219 
load factors, 234 
nouudmum demands, 234 
seasonal efficiency, 234 
Fuel oil, 

carbon residue, 174 
classification of, 173 
combustion of, 173 
grade of, 174 
heating value, 754 

maximum carbon dioxide values, 163 
theoretical air requirements, 161 
viscosity, 174 
Fumes, 661, 840 
toxicity, 666 

Fundamentals heat transfer, 67 
Furnace, furnaces, 380, 840 
capacity, 371 
casings. 380 
design, 204, 224 
fan, 840 

gas-fired units. 213 
gravity systems, 365 
mechanical systems, 379 
oil-fired units, 209 
stoker-fired units, 201 
volume, 172, 840 
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Gage, gages, 
draft, 674 
pressure, 674, 840 
Garage ventilation, 769 
Gas, gases, 
burner controls, 667 
chimneys for heating, 195 
classification of, 175 
cleaning of, 576 
centrifugal separators, 577 
cloth filters, 577 
cyclones, 577 

gravitational settling chambers. 577 
combustion of, 175 
estimating consumption, 229 
fuel burning rate chart, 224 
inflammability, 563 
specific heat, 854 
toxicity, 565 
Gaseous fuels, 
classification of, 175 
combustion of, 175 
flame temperature, 176 
maximum carbon dioxide values, 163 
products of combustion, 176 
properties of. 176 ^ 

specific gravity, 176 
theoretical air requirements, 161 

Gas-fired appliances, 213 
boilers, 213, 237 
combustion process, 216 
controls, 217 
conversion burners, 216 
furnaces. 213 

measurement of efficiency of combustion, 216 

ratings for, 217 

sizing heating plants, 217 

space heaters, 215 

Glass, 

coefficient of transmission, 111 
solar heat transmitted, 146 

Glass block wsUls, 
coefficients of transmission. 111 
solar heat gain, 149 
Globe thermometer, 65, 681, 768 
Graphic symbols for drawing, 849 
duct work, 850, 851 
heating, 852 
piping, 849 
r^rigerating, 853 
ventilating, 852 
Grate area, 840 
Gravity steam system, 267 
Gravity furnace systems, 365, 840 
capacity, 371 
design procedure, 365 
leader sizes, 366 
proportioning wall stacks, 368 
recirculating ducts, 369 
recirculating grilles. 369 
register selections. 369 
return connection, 371 
typical design, 375 
warm air, 365 

Grille, grilles, 595 (s^e Rtgisiers) 
attenuation, 635 
locations. 596 

mechanical furnace systems, 383 
noises. 603, 641 
railway car, 710 
recirculating, 369 
types of, 607 
Guarded hot plate, 681 
Gun type oil burners, 207 


Hangers, pipe, 349 

Hay fever symptoms, 705 
Health. 564 

Heat, 219, 840 

area transmitting surface, 834 
auxiliary sources, 133 
combustion, 159 
duct losses, 771, 787 
emission of 
appliances, 150 
occupants, 149 
extendi surface, 839 
flow through roofs, 145 
flow through walls, 145 
generated by motors, 151 
gravity-indirect systems, 266 
humid, 840 

infiltration equivalent, 123 
introduced by outside air, 150 
latent, loss, 123 
liquid, 840 
control of, 800 
loss from human body, 50 
losses from bare pipe, 771 
measurement of, 681 
mechanical equivalent of, 841 
methods of transfer, 83 
losses insulated pipe, 775 
pipe losses, 771 
production, rate of, 800 
radiant transfer systems, 79 
removal natural ventilation, 762 
residence, loss problems, 135 
sensible, 123, 842 
transfer, 67, 83, 509, 519, 520 
boiler rates, 240. 
overall coefficienlT of, 520 
through building materials, 081 
surface coils, 509 
utilization, 219 

Heater, heaters, 
electric, 790 
radiant, 215 
space, 215 

Heat gain, 139 
appliances, 150 
components of, 139 
electrical heating equipment, 152 
gas burning equipment, 152 
glass, 146 
glass blocks, 149 
latent, 141 
light. 151 
occupants, 149 
outside air, 150 
people, 149 
roof, 141 
sensible, 141 

steam heated equipment, 152 
unit, 426 

various sources, 152 
wall, 141 

Heating, 

air conditioning units, 426, 444 
coU selection, 533 
cycle control, 654 
district, 325 

domestic water by electricity, 795 
effect, radiator, 257 
electric, 789 
hot water, 794 
boilers, 235 
surface, 887 
boiler surface, 239 
load, 125, 402 
panel, 808 

performance of coils. 620 
physiological objectives of, 6 1 
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Humidity (continued) 
drying, 746 
influence of, 63 
m^surement of, 680 
nurseries for premature infants, 702 
permissible relative, 113 
ratio, 9, 840 
relative, 19, 842 
Hydraulic radius, 77 
Hygrostat, 840 


I 


Ice systems, 502 
Impulse trap, 284 
Inch of water, 841 
Induction 
drier, 742 
units, 415 

Impurities, 561 

Industrial, 
air conditioning, 717 

exhaust systems, 727 (see Exhaust systems) 
humidities for processing, 718 
processes, 717 

temperatures for processing, 718 

Infiltration, 
heat equivalent, 123 
nature of air, 115 
through walls, 116 
Inside temperature, 127 
Instruments, 671 

Insulation, 
boiler, 252 

economical pipe thickness, 783 
low temperature pipe, 779 
pipes to prevent freezing, 781 
Intermittently heated buildings, 133 
Interstitial condensation, 113 
Ionization, 41 

Iron elbow equivalents, 316 
Isobaric, 841 
Isothermal, 841 


Heating (continued) 

radiant, 799 (see Radiant heating) 
steam systems, 267, 285 
surface, 239, 839, 840 
prime, 842 
square foot of, 842 
swimming pool requirements, 836 
symbols for drawing, 849 
systems, 393 
unit, 426 

up the radiator, 259 
vacuum systems, 843 
vapor, 843 

warm air, system, 365, 379, 844 
water, 813, 830 
Heavy duty fan furnace, 389 
High duty humidifiers, 542 
High pressure steam, 299 
Hollow glass block walls, 111, 149 
Hood, hoods, 731 
Hopper type stoker, 201 
Horsepower, 
boiler, 837 

Hospital, hospitals, 
air con^tioning in, 708 
operating rooms, 697 
air conditions, 699 
reducing explosion hazard, 697 
sterilization of air, 700 
ventilation requirements, 700 

Hot water, 
boiler supply load, 243 
demand per 
fixture, 829 
person, 828 
electric heating, 794 
panel heatinp:, 802 
radiant heating, 802 
storage tank, 827 
supply boilers, 238 
supplying piping, 826 

Hot water heating systems, 309, 840 
direct return systems, 310 
elbow equivalents, 316 
friction heads, 314 
gravity pressure heads, 318 
installation details, 324 
mechanical circulators, 310 
orifice friction heads, 320 
pipe sizes, 310 

reversed return systems, 310 
systems of piping, 309 
Hot-wire anemometer, 65, 677 
Human body, 
adaptation, 43 
cold conditions, 47 
hot conditions, 46 
heat emission, 149, 800 
heat gain, 149 
odors, 38 
surface area, 52 
temperature, 43 

zone of evaporative regulation, 46 
Humid heat, 840 
Humidification, 539 
control, 666 

mechanical furnace systems, 389 
residence requirements, 390 

Humidifier, humidifiers, 
atomizing, 541 
high duty, 542 
spray, 542 
units, 441 
Humidify, 444, 840 
unit, 

Humidstat, 840 

Humidity, 65, 840 
absolute, 837 

chart for drying work, 748 


J-K-L 


Kata-thermometer, 677 

Latent heat, 841 
loss, 61, 123 

Laws of thermodynamics, 841 
Leakage of air, 115 
Light heat gain, 161 
Lignite, 168 
Liquid, 

adsorbents, 466 
heat of, 840 
Lithium chloride, 407 
Load, 

cooling, 32, 139, 400 
design, 839 
heating, 125, 402 
maximum, 839 
Loudness, 604 


M 


Manometer, 841 
Mass, 841 
Mb, 841 
Mbh, 841 

Mean radiant temperature, 66, 806 
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Mechanical, 
circulators, 310 
draft, 180 
towers, 552 

equivalent of heat, S41 
furnace systems, 379 
air distribution, 383 
cooling methods, 391 
dampers, 384 
ducts, 385 
fans, 382 
filters, 382 
heavy duty, 389 
methods of design, 385 
motors, 382 
sound control, 382 
return heating system, 267 
refrigeration, 479 
stokers, 197 
Metabolic rates, 48 

Meter, meters, 
condensation, 335 
differential, 334 
flow, 335 
fluid, 334 
NichoU’s heat, 681 
orifice, 335 
plug, 335 
positive, 334 

pressure loss through meters, 817 
vacuum condensation, 336 
Venturi, 676 
Methyl chloride, 483 
Micromanometers, 675 
Micron, 569, 841 
Moist air, 8 
saturation, 9 
volume, 20 
Moisture, 745 
content, 721 
regain, 721 
Mol, 841 

Mollier diagram, 23 
border scale, 31 

Monofluorotrichloromethane, 486 

Motor, motors, 382, 683 
adjustable speed, 684 
alternating current, 686 
capacitor type, 686 
compound wound, 683 
constant speed, 684 
control equipment for, 691 
direct current, 683 
electric, 133 
heat generated by, 161 
polyphase, 687 
repulsion induction, 686 
selection of exhaust systems, 739 
series wound, 683 
shunt wound, 683 
single phase, 686 
speed characteristics, 684 
split phase, 687 
squirrel cage induction, 687 
Multiple blade fans, 587 


N 


Natural 
draft, 179 
towers, 551 
ventilation, 761 
general lules, 767 
heat removal, 762 


Noise, noises, 
air supply opening, 603 
apparatus for measuring, 630 
created by equipment, 631 
cross transmission between rooms, 042 
design room level, 632 
generated by fans, 633 
grille, 641 
kinds of, 631 

through building construction, 043 
transmitted through ducts, 632 
unit of measurement, 629 
Nurseries for premature infants, 701 
air conditioning equipment, 702 
air conditioning requirements, 701 


Occlusion of solar radiation, 566 
Odors, 38 
adsorption, 578 
human body, 38 
Oil, oils, 

classification of, 173 
combustion of, 173 
estimating consumption, 230 
fuel burning rate chait, 223 

Oil burners, 206 
boiler settings, 210 
combustion adjustments, 212 
combustion process, 210 
commercial, 209 
controls, 213, 667 
domestic, 206 
furnace design, 211 

measurement of efficiency of combustion, 212 
mechanical draft, 208 
operating requirements, 208 
One-pipe system, 271 
gravity air-vent, 294 
hot water, 841 
steam, 841 
supply riser, 841 
unit heater connection, 432 
Open expansion tank, 324 

Openings, 
types of, 766 
doors, 766 

roof ventilators, 766 
controls, 707 
skylights, 766 
stacks, 767 
windows, 766 

Operating rooms, 697 
conditions, 699 

reducing explosion hazard, 607 
sterilization of air in, 700 
Operative temperatures, 44 
Orifice, heating systems, 278 
Orsat apparatus, 68 1 
Outdoor air, 399 
Outside temperature, 129 
Overfeed stoker, 199 
Overhead 
distribution, 330 
system, 841 
Oxygen, 
chambers, 707 
tents, 707 
therapy, 706 
Ozone, 41 
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P 


Panel heating, 799 
electric, 804 
hot water, 802 
steam, 802 
warm air, 803 

Panel radiator, 841 
Panel warming, 841 
Particle size, 562 
Per cent of saturation, 19 
Phon, 629 

Physical impurities in air, 41 
Physiological principles, 37 
four vital factors, 65 
Pilot controls, 692 
Pipe coils, 266 
heat emission, 256 
wall, 256 

Pipe, piping, 341 
capacity, 291 
coil connections, 303 
commercial dimensions, 342 
conduits for, 327 
connection to heating units, 302 
corrosion, 362 

economical thickness insulation, 783 

expansion, 346 

flexibility, 346 

hangers, 349 

heat losses, 771 

hot water heating systems, 309 
inside, 331 

insulation prevent freezing, 781 
low temperature insulation, 779 
materials, 341, 816 
overhead distribution, 330 
radiating surface, 775 
refrigerant sizes, 497 
sizes, 289, 308 

equivalent length of run, 232 
high pressure steam, 299 
hot water 

forced circulation, 292 
gravity circulation, 301 
indirect heating units, 305 
initial pressure, 289 
maximum velocity, 289 
orifice systems, 297 
pressure drop, 289 
sub-atmospheric systems, 297 
tables for, 293 
two-pipe 

gravity air-vent system, 295 
vapor system, 296 
vacuum systems, 297 
water supply systems, 820 
‘ steam 

distribution, 326 
heating systems, 285 
supports, 349 
symbols for drawing, 849 
tax, 243 
threads, 349 
thread connections, 361 
tunnels. 330 

underground insulation, 785 
unit heater connections, 429 
water supply, 813 
Pitot tubes, 675 
Plate cell, 638 


Plenum 
absorbers, 637 
chamber, 841 

Pneumatic control systems, 648 
Pollution of air, 561 
Polyphase motors, 687 
Ponds, 549 
Potentiometer, 841 
Power, 841 
drier, 742 
air conditions, 701 
equipment, 702 
humidity, 702 
gages, 674, 840 
measurement, 673 
barometer, 673 
Precipitators, 576 
Precooling, 417 

Premature infant nurseries, 701 

Pressure, 
absolute, 837 
atmospheric, 837 
static, 842 
total, 843 
vapor, 844 
velocity, 844 

Prime surface, 842 {see Heating surface) 
Propeller fan, 543, 581 
Properties of saturated steam, 24 
Psychrometric chart, 33, 56 
Psychrometer, 842 
humidity, 748 
Pulverized coal, 172 
Pump, pumps, 

condensation return, 279 
mechanical circulators, 310 
vacuum heating, 280 
controls, 281 
piston displacement, 282 
Pyrometer, 673, 796 
optical, 673 
radiation, 673 


R 


Radial flow fan, 581 
Radiant drying, 796 
Radiant heating, 799 
application methods, 802 
calculation principles, 805 
detailed computation naethod, 806 
electric, 804 
hot water, 802 
measurement of, 811 
steam, 802 
warm air, 802 
Radiating, 
surface pipe, 775 
surface copper tubing, 775 
Radiation, 67, 842 
drsdng methods, 741 
equation, 72 

heat transfer systems, 79 
load, 243 

Radiator, radiators, 253, 842 
codes, 263 
concealed, 262 
connections, 301 
direct, 839 
effect of paint, 256 
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Radiator (continued) 
effect of superheated steam, 257 
enclosed, 260 
gas-fired, 215 
heat emission of, 253 
heating effect, 257 
heating up, 259 
output of, 256 
panel, 841 
recessed, 842 
selection, 263 
tube, 843 
types of, 253 
warm air, 215 

Railway air conditioning, 709 
air distribution, 710 
humidity control, 712 
summer systems, 711 
temperature control, 712 
ventilation, 709 
winter systems, 711 
Reciprocating compressors, 484 
Recooling, 413 
Reflective insulation, 88 

Refrigerant, refrigerants, 481, 842 
ammonia, 480 
carbon dioxide, 484 
dichlorodifluoromethane, 482 
feeds, 514 

methyl chloride, 483 
monofluorotrichloromethane, 486 
pipe sizes, 497 
water, 486 

Refrigeration, 479 
absorption systems, 490 
control, 658 

equipment selection, 503 
ice systems, 502 
mechanical, 479 
reverse cycle, 505, 796 
ton of, 843 
day of, 843 

types of compressors, 484 
Regain, 721 
control of, 720 

Register, registers, 595 (see Grilles) 
noises, 603 
railway car, 710 
selections, 369 
types of, 607 

Rectangular duct equivalents, 614 
Reheat, 413 
Reheating, 411 

Relative humidity, 19, 113, 842 
measurement of, 680 
Repulsion induction motors, 686 
Residence, 
control systems, 668 
air conditioning, 669 
coal-fired heating plant, 668 
domestic hot water supply, 668 
cooling methods, 391 
gravity furnace system, 385 
heat loss problems, 135 
hot water heating system, 309 
humidity requirements, 390 
mechanical furnace system, 379 
steam heating system, 267 
Resistance thermometers, 673 
Resistors, 790 
Return mains, 310, 842 


Reverse cycle refrigeration, 505, 796 
Reversed return system, 310, 842 
Roof, roofs, 
heat flow through, 145 
time lag of solar radiation, 147 
ventilators, 766, 842 
Room, 
control, 649 
noise level 632 
operating, 697 
Rotary drier, 742 
Rotary oil burner, 208 
Run-around system, 417 


S 


Saturated air, 9, 842 
Saturation, 842 
degree of, 19, 838 
pressure, 842 
Secondary air, 162 
Sectional boiler, 235 
Self-contained 
conditioner, 443 
control systems, 648 
humidifiers, 542 
Sensible cooling, 417 
Sensible heat, 842 
loss, 51, 123 

Senes wound motors, 083 
Settling chambers, 577 
Sheet metal gages, 624 
Shunt wound motors, 683 
Silicon dioxide, 403 
Silica gel, 463 
Single phase motors, 686 
Smoke, 842 
abatement, 566 
density measurements, 082 
stacks, 578 
Smokeless 
arch, 842 
combustion, 239 

Solar heat, 

through shaded windows, 147 
time lag, 147 
transmission of, 141 
transmitted through glass, 140 
transmitted through walls, 145 
Solar radiation, 
against walls, 142 
occlusion of, 560 
Soot, 177 

Sound, ■ 
absorbers, 636 
air supply, 603 
attenuation, 040 
control 382, 625, G29 
levels, 633 
Specific 
enthalpy, 842 
dry air, 5 
water vapor, 7 
gravity, 842 
heat, 842 
gases, 854 
liquids, 854 
solids, 854 
vapors, 854 
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Specific {continued) 
volume, 842 
air, 1 

water vapor, 7 
Split phase motor, 687 
Split system, 439, 842 
Splitter damper, 384 

Spray, 

booths, 734 
cooling ponds, 649 
cooling towers, 551 
distribution, 541 
equipment, 537 
generation, 541 
humidifiers, 542 
type unit, 461 

Square foot of heating surface, 842 
Squeeze damper, 384 
Squirrel cage induction motor, 687 
Stack, stacks, 767 
height, 842 
smoke, 578 
Standard air, 842 
Static, 

electricity elimination, 725 
pressure, 842 
control, 662 

Steady flow energy equation. 34 
enthalpy, 35 
gravitational energy, 35 
heat and shaft work, 35 
kinetic energy, 34 

Steam, 843 
coils, 512 

distribution piping, 325 
estimating consumption, 232 
flow, 287 

heating systems, 267, 285, 843 
air hne, 271 

condensation return, 274 
corrosion, 362 

down-feed two-pipe vapor, 273 
gravity one-pipe air-vent, 268 
gravity return, 267 
gravity two-pipe air-vent, 271 
mechanical return, 267 
one-pipe vapor, 271 
orifice, 278 
piping for, 285 
sub-atmospheric, 276 
two-pipe vapor, 272 
vacuum, 274 
high pressure, 299 
jet type of compressor, 487 
panel heating, 802 
pipe capacities, 291 
radiant heating, 802 
requirements, 336 
runout, 268 
superheated, 843 
supply mains, 843 
trap, 843 
Steel boilers, 235 
Sterlization of air, 700 

Stoker, stokers, 197 
classification of, 200 
combustion adjustments, 205 
combustion process, 203 
controls, 206, 668 
furnace design, 204 
mechanical, 197 
overfeed flat grate, 197 


Stoker (continued) 

overfeed inclined grate, 199 
sizing and ratings, 205 
underfeed, 843 
rear cleaning, 199 
side cleaning, 199 
Sub-atmospheric systems, 276 
Summer 

air conditioning system, 393 
comfort, 62 
Supply 
mains, 843 
openings, 603 

measurement of velocities, 678 
selection of, 606 
types of, 607 

Suspended unit heater, 427 
Surface, 

condensation, 112 
conductance, 84, 843 
coefiScients, 86 
heating, 840 
extended, 839 
temperature, 528 

Swimming pool heating requirements, 836 
Symbols for drawings, 849 


T 


Table, 

areas flanged fittings, 775 
attenuation between grille and room, 635 
average maximum water main temperatures, 545 
capacity constants, 
blow-through unit heaters, 430 
draw-through unit heaters, 431 
chimney sizes, 190 

circular equivalents of rectangular ducts, 615 
circumference and areas of circles, 855 
classification of, 
coals, 167 

electric motors, 688 
climatic conditions, 130 
combustion elements and compounds, 158 
conductivity matenals, 70, 93 
degree days for cities, 228 
design dry- and wet-bulb temperatures, 140 
drying time for materials, 750 
duct attenuation, 634 
elbow attenuation, 634 
emissivities of surfaces, 80 
explosive properties of anesthetic, 698 
flow steam in pipes, 286 
flame temperature data, 160 
free convection factors, 71 
gas combustion constant, 753 
heat gain, 
appliances, 152 
glass blocks, 149 
insulated cold pipes, 781 
heat loss, 

bare copper pipe, 773, 774 
bare steel pipe, 773 
heat transmission, 
coefficients, 83 
free convection. 71 
radiation, 73 

infiltration through windows, 118 
minimum outdoor air requirements to remove 
odors, 40 
noise levels, 633 
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Table {continued) 
pressure loss, 
refrigerant line, 498 
water disc meters, 817 
properties of, 
ammonia, 480 
carbon dioxide, 484 
dichlorodifluoromethane, 482 
gaseous fuels, 176 
methyl chloride, 483 
monofluorotrichloromethane, 486 
saturated steam, 24 


Tank, tanks, 
expansion, 324 

Temperature, temperatures 
absolute, 4, 837 
automatic control, 340 
British equivalent, 802 
control for railway passenger cars, 712 
control service water, 835 
design wet-bulb, 548 
dew-point, 20 
dry-bulb, 839 
drying, 746 
effective, 54, 127, 839 
hazards in treatment of disease, 704 
humidity, railway cars, 712 
inside, 127 
attic, 127 
ceilings, high, 128 
floor level, 129 
proper level, 127 
mean radiant, 65, SOG 
measurement, 671 
thermocouple, 672 
thermometers, 671 
outside, 129 
surface, 528 

thermodynamic wet-bulb, 21 
wet-bulb, 844 
water main, 545 
Terminology, 837 
Test methods, 671 
Therapy, 
cold, 704 
fever, 703 
oxygen, 706 
Therm, 843 
Thermal, 
conductance, 84 
conductance equation, 69 
conductivity, ^ 
convection, 68 
convection equation, 70 
expansion of pipe, 348 
interchanges of body, 42 
radiation equation, 72 
resistance, 843 
resistivity, 843 

steady-state conduction problems, 70 
transmittance, 84 

unit conductances for convection, 78 
Thermocouple, 672 


Thermodynamic, 

air and water mixture, 1 
laws of, 841 

wet-bulb temperature, 21 

Thermometers, 671 
alcohol, 671 
dry-bulb, 65 
globe, 65, 681, 811 
kata, 66, 677 
mercurial, 671 
resistance, 673 
stem correction, 672 

Thermostat, 843 
elements, 648 
room, 650 

Thermostatic trap, 283 
Tilting trap, 284 

Time lag through walls and roof, 147 
Ton day of refrigeration, 843 
Ton of refrigeration, 843 
Total heat, 843 (see Enthalpy) 

Total pressure, 843 
Tower, towers, 

cooling, design, 552 
cooling, performance, 550 
mechanical draft, 552 
natural draft, 661 
spray cooling, 561 
Transmission, 
coeffiaent, 838 
normal heat, 141 
solar heat, 141 
Transmittance, 84 

Transportation air conditioning, 709 
Trap, traps, 283 
automatic return, 284 
bucket, 283 
float, 283 
impulse trap, 284 
steam, 843 
thermostatic, 284 
tilting, 284 

Traveling-grate stoker, 198 
Treatment of disease, 697 
Tube radiator, 253, 843 
Tunnel 
drier, 742 
pipe, 330 

Turning vane, G02 


V 


Ultra-violet light, 41, 56G, 700 
Underfeed stoker, 193, 843 
Underground pipe insulation, 785 

Unit, units, 843 
air conditioners, 443 
application, 452 
cooling, 445 
costs, 459 

dehumidifying, 445 
Altering, 446 
heating, 444 
humidifying, 444 
ratings, 466 
types of, 447 
ventilating, 446 
British thermal, 837 
cooling, 456 
defrosting, 458 
features of, 457 
ratings, 458 
types of, 457 

direct-indirect heating, 839 
fuel consumptions, 226 
heaters. 426 
application, 433 
boiler capacity, 429 
direct-fired, 435 
electric, 435, 791 
features, 426 


water, 486 
radiating surface, 
copper tubing, 775 
pipe, 775 

radiator sizes, 254, 255 

regain of hygroscopic materials, 722 

relation between metabolic rate and activity, 48 

requirement for fuel oil, 174 

return pipe capacities, 292 

sheet metal gages for ducts, 624 

solar radiation, 142 

specific heat of solids, liquids, gases, 854 
steady-state conduction problems, 76 
steam pipe capacities, 291 
temperatures and humidities for industrial pro- 
cessing, 718 

theoretical air requirements, 161 
thermodynamic properties of moist air, 10 
toxicity of gases and fumes, 566 
weight of saturated air, 26 


xxii 
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Unit {fiontinued) 

functions and features, 436 
piping connections, 301, 429 
ratings, 436 
ratings, 428 
specifications, 435 
turbine-driven, 435 
types of, 427, 441 
humidifiers, 441 
types of, 441 
induction, 415 
noise measurement, 629 
spray type, 451 
systems, 663 
ventilators, 435 
applications, 439 
window, 440 
viscous type filters, 573 
Unitary equipment, 425 
definitions, 426 
Utilization, fuel, 219 


V 


Vacuum, 

cooling unit, 488 
drying, 742 
heating pumps, 280 
control, 281 

piston displacement, 282 
heating systems, 274, 843 
down-feed, 276 
unit heater connection, 433 

Valve, valves, 361 
angle, 362 
automatic, 361 
check, 361 
control. 302 
expansion, 492 
flow, 287 
gate, 361 
globe, 361 

reducing pressure, 361 
Vane, turning, 602 


Vapor, vapors, 
heating system, 271, 844 
unit heater connection, 433 
inflammability, 563 
pressure, 844 
toxicity, 565 

Vaporizing oil burner, 208 

Velocity, 844 

method duct design, 621 
pressure, 844 

Ventjyiation, 844 


uairy uaru, fuo 

garage, 769 
natural, 761 
general rules, 767 
operating room, 698 
passenger bus in summer, 713 
physiological objectives of, 61 
railway passenger car, 709 
symbols for drawing, 852 
systems, 303 
wind forces, 761 

Ventilator, ventilators, 
control, 767 
roof, 766, 842 
unit, 435 
control, 664 
window, 440 


Vertical openings, 122 
sealing of, 122 

Vibration from machine mountings, 643 
Viscous filters, 573 
automatic, 575 
impingement, 572 
unit type, 573 


Volume, 
control, 414 
damper, 384 
furnace, 172 
specific, 842 


W 


Wall, walls, 

heat flow through, 145 
infiltration through, 116 
time lag of solar radiation, 147 
Warm air. 

heating systems, 365, 379, 844 
panel heating, 803 
radiator, 215 
radiant heating, 803 
Washer, washers. 537 
air, 575, 837 

Water, 

atmospheric cooling equipment, 543 
coils, 512 

control temperature service, 835 
cooled condenser, 494 
coal-fired, 833 
heating. 813, 830 
make-up, 559 

maximum, main temperature, 545 
outside, 129 
properties of, 486 
supply piping, 813 
allowance for fittings, 819 
factor of usage, 814 
maximum flow, 814 
pressure, 815 

sizing down-feed systems, 822 
sizing up-feed systems, 820 
thermodynamics of, 1 
well, temperatures, 544 
Water vapor, 6 

saturation pressure, 6 
specific enthalpy, 7 
specific volume, 7 
Welding, 341, 354 

Wet-bulb temperature, 548, 844 {see Temperature) 
Wet return, 844 
Wind, winds 
forces, 762 

due to stack effect, 762 
natural draft equipment, 551 
selection of, velocity, 120 
velocity effects, 129 
Window, windows, 

coefficient of transmission, 111 
leakage, 119 

solar radiation through, 147 
ventilation, 766 
ventilators, 440 
Winter 

air conditioning system, 393 
comfort zone, 55 
Wrought-iron pipe, 341 
Wrought-steel pipe, 341 


X-Y-Z 


Year ’round air conditioning system, 393 

Zone control, 650 
control, 660 

evaporative regulation, 46 
Zoning, 412 
dual duct, 414 
multiple fans, 413 
recooling, 413 
reheat, 413 

separating equipment, 413 
volume control, 414 
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Chapter I 


THERMODYNAMICS OF AIR AND WATER 
MIXTURES 


Dry Air^ Specific Enthalpy, Water Vapor, Moist Air, Dalton^ s 
Law, Humidity Ratio, Relative Humidity, Dew-point, Enthalpy, 
Thermodynamic Wet-hulb Temperature, Mollier Diagram, 
Typical Air Conditioning Processes, Adiabatic Saturation, 
Psychrometric Chart, Steady Flow Energy Equation 


T he working substance of the air conditioning engineer may be 
regarded, for the purpose of analysis, as a mixture of only two 
constitu tents, dry air and water. The mixture may consist of two, and 
possibly three distinct phases, solid, liquid and vapor. The vapor 
phase is conveniently referred to as moist air and is regarded as a mixture 
of dry air and water vapor. 


DRY AIR 

Composition. Dry air is itself a mixture of several gases, but its 
composition is subject to such slight variation that it may be regarded 
as fixed. According to International Critical Tables, the mol-fraction 
composition of dry air is given by the first column of figures in Table 1. 
Molecular weights are given in the second column; the last figure in the 
third column is the apparent molecular weight of the mixture; the fourth 
column of figures gives the ordinary weight-fraction composition. 

It is well known that dry air contains other gases besides those listed 
in Table 1 ; but these are present in such minute amounts that they can 
be grouped together as argon. Values in the lower section of Table 1 give 
the approximate mol-fraction composition of what is called argon in the 
upper portion of the table. 

In physical and chemical thermodynamics, there is a distinct advan- 
tage in using a different unit of weight, the mol, for each different sub- 
stance involved. A mol of oxygen weighs 32.000 lb as a matter of defi- 
nition ; a mol of any other substance is a weight, in pounds, equal to its 
molecular weight. 

Specific Volume and Density 

The ratio of total volume to total weight is called specific volume, v. 
In the English system, volume is expressed in cubic feet and weight in 
pounds; hence, specific volume is expressed in cubic feet per pound. 
The reciprocal of specific volume, that is, weight per unit volume is 
called weight density, d. The unit of density is the pound per cubic foot. 



HEATING VENTILATING AIR CONDITIONING GUIDE 1942 


The earliest investigation into the relation between pressure, specific 
volume, and temperature for gases was made by Boyle (1661) who was 
able to confirm the hypothesis that the volume of a given weight of gas 
should vary inversely as the absolute pressure if temperature is main- 
tained constant. Thus, within the limits of his experimental error Boyle 
found that at constant temperature the product pv^ pressure times specific 
volume, has a constant value over a considerable range of pressures. 
These results are best visualized by plotting values of the product pv 
as ordinate against values of pressure p itself as abscissa. According to 
Boyle’s experimental findings lines of constant temperature (isotherms) 
of a gas are straight and horizontal on this pv, ;^-plane. 

The first rough experiments of Charles (1787) and the subsequent 
more refined experiments of Gay-Lussac (1802) suggested the possibility 


Table 1. Composition of Dry Air 


Gas 

Mol per Mol t „ 

Dry Air 

Lb per Mol 
Dry Air 

Lb per Lb 
Dry Air 

Nitrogen 

Oxygen 

Carbon Dioxide 

Hydrogen 

Argon 

0.7803 X 28.016 = 21.861 

0.2099 X 32.000 = 6.717 

0.0003 X 44.003 = 0.013 

0.0001 X 2.016 = 0.000 

0.0094 X 39.944 = 0.376 

1.0000 28.967 

0.7547 

0.2319 

0.0004 

0.0000 

0.0130 

1.0000 

Composition of Argon 

Mol per Mol Dry Air 

Argon.. , , , 

0.00933 

O.OOOOIS 

0.000005 

0.000001 

Neon.- 

Helium 

Krypton 

Xenon 


0.00935 


of establishing a universal temperature scale such that the product pv 
for any gas is simply proportional to temperature measured on this scale 
in accordance with Equation 1, 

pv - BT (1) 

where B is a constant characteristic of the given gas. Referring to the 
graphical representation previously described in which the product pv 
is plotted as ordinate against pressure p as abscissa, the vertical spacing 
of the isotherms should be such that the ordinates to any two isotherms 
are in the ratio of corresponding absolute temperatures and therefore in 
the same ratio for any gas. 

Precise measurements by modern methods have shown that the experi- 
mental findings of Boyle, Charles and Gay-Lussac are only approximately 
correct. In the range of sufficiently low pressures the isotherms of gases 
are indeed straight on the pv, ^-plane; but they are not horizontal in 
accordance with Boyle’s Law, being inclined downward to the right at 

2 
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relatively low temperatures, upward to the right at higher temperatures. 
Extrapolation of each isotherm to zero pressure has revealed the remark- 
able fact that the limiting value of the product pv thus obtained is strictly 
proportional to absolute temperature as suggested by Equation 1, this 
strict proportionality providing an accurate basis for the establishment 
of the absolute temperature scale. 

The experimental facts of the preceding paragraph are expressed 
mathematically by Equation 2. 

pv ^ BT - A(T) p (2) 

where 

p — absolute pressure, pounds per square foot. 

V = specific volume, cubic feet per pound. 

B = Si constant depending on the molecular weight of the gas. 

T — absolute temperature, degrees Fahrenheit. 

A(T) — a temperature function called second virial coefficient, cubic feet per pound 
[2].* The name undoubtedly originated from consideration of Clausius’ 
Virial Theorem according to which the mean kinetic energy of a molecular 
aggregate is equal to the mean value of a quantity, which Clausius cafled 
the mrial of the system, depending solely on the forces acting upon the 
molecules and not upon the motion of the molecules. This name is used 
extensively.^ For some gases, the magnitude of the second virial coefficient 
can be predicted from theory; but at present, direct experimental measure- 
ments are more reliable. 

It will appear in what follows that the error committed in computing 
values of specific volume from Equation 1 instead of Equation 2 is extremely 
small. Thermodynamically, however, the former would deny the effect 
of pressure on the thermal properties of a gas which experiment shows to 
be appreciable. Therefore Equation 1 cannot be made the basis of an 
accurate analysis. 

The numerical value of the constant B in Equation 2 is different for 
every different gas, but can be calculated if the molecular weight m, 
pounds per mol, is known; for the product mB is a universal gas con- 
stant jR, namely, 

R = 1545.4 

Example 1. Find the value of B for dry air and water vapor. 

Solution. B^ = 1545.4 4- 28.967 = 53.351 
== 1545.4 ^ 18.0154 = 85.782 

The temperature function A (T), the so-called second virial coefficient, 
expresses the effect of intermolecular forces. It is positive at low tem- 
peratures where these forces are predominantly attractive, negative at 
higher temperatures where they are predominantly repulsive. It is 
known with satisfactory accuracy for both dry air and water vapor. 
Values of specific volume are listed in Table 2 for dry air at standard 
atmospheric pressure (29.921 in. Hg) as computed from Equation 2. 

The fact that A{T) is multiplied by pressure in Equation 2 means 
that intermolecular forces vanish at zero pressure and infinite volume 
where infinite distances separate the molecules. The finite value of the 
product pv at zero pressure is due entirely to the translational kinetic 

* Bracketed numbers refer to references at end of chapter. 

3 
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Table 2. Specific Volume of Dry Air® at 29.921 In. Hg 


Temp 

F 

t 

Cu Ft per 

Lb 

1 Ha 

Temp 

F 

t 

Cu Ft per 

Lb 

Ha 

Temp j 

F ! 

/ 

Cu Ft per 

Lb 

I'a 

-96 

9.1488 

32 

12.3888 

160 

15.6229 

-64 

9.9597 

64 

13.1977 

192 

16.4310 

-32 

10.7699 

96 

14.0063 

224 

17.2389 

0 

11.5796 

128 

j 

14.8147 

256 

19.0467 


aPreparcd by John A. Goff. 


energy of the molecules. In ordinary calculations not requiring too 
great accuracy, the effect of intermolecular forces may be ignored and 
Equation 2 simplified to 

pu — BT (1) 

Example 2, Calculate an approximate value for the specific volume of dry air at 
64 F, 29.921 in. Hg. 

0 7.- 53.351 X 523.70 

Solutwn. V = 29:9 21 X0 T 9U5 > 0 4 4 = 

Note: This answer may be compared with the value in Table 2. The clifTerence is 
due to intermolecular forces. It should not be concluded, however, that because the 
effect of intermolecular forces on the volume is so small these forces can be ignored entir(4y . 

The relationship of Equation 1 expresses certain familiar laws approxi- 
mately true for gases at not too high pressures. Thus, with temperature 
constant, the volume of a given weight of gas is inversely proportional to its 
absolute pressure is a statement of Boyle^s Law. If Vi denotes the specific 
volume at absolute pressure pi, then at the same temperature, the specific 
volume V 2 at absolute pressure p 2 is approximately, 

(|-) 

Also, with pressure constant the volume of a given weight of gas is directly 
proportional to its absolute temperature is a statement of ('harles* Law. 
If vi denotes the specific volume at absolute temperature 2\, then at the 
same pressure, the specific volume v^ at absolute temperature is approxi- 
mately, 



Absolute Temperature 

For the range 0 to 660 C, the standard temperature scale is the Inter- 
national Centigrade Scale, namely, the readings of a platinum resistance 
thermometer standardized at the ice-point (0 C), the steam-point (.100 C) 
and the sulphur-point (444.60 C). The corresponding Fahrenheit scale 
t used in scientific work is derived from the International Ccntigracle 
Scale by means of the relation, 

t =1.8 (Int. Cent, Temp.) 4- 32 (3) 

Temperatures on the absolute Fahrenheit scale are then obtained by 
adding 459.70 according to the equation 

r = ^ -h 459.70 
4 


( 4 ) 
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Absolute temperatures computed from Equations 3 and 4 are practically 
identical with the fundamental thermodynamic temperatures to which 
the zero-pressure values of the product pv for gases are proportional in 
accordance with Equation 2. 

Specific Enthalpy 

Most air conditioning processes are of the steady-flow type. In steady 
flow the energy convected with the fluid crossing a given section is the 
sum of (a) kinetic energy due to velocity, (b) gravitational energy due to 
elevation, (c) enthalpy due to the condition of temperature, pressure and 
composition at a given section. It is clear, therefore, that in order to 
apply the Law of Conservation of Energy to steady-flow processes, 
information regarding the enthalpy is needed. 

Recent developments in quantum mechanics have made it possible to 
calculate the zero-pressure specific enthalpy of a gas from spectroscopic 
measurements, and with a degree of accuracy exceeding that with which 
this property can be inferred from direct calorimetric measurements. 
Available data for each gas listed in Table 1 have been assembled and 
critically examined; and from them have been calculated best values 
for the specific enthalpy of dry air at zero pressure. These are listed in 
Table 3. The unit of energy is the Btu which is related to the foot- 
pound as follows: 

1 Btu = 778.18 ft-lbi (5) 

In Table 3 are also listed values of mean zero-pressure specific heat for 
the range 0 to ^ F. This is simply the increase of specific enthalpy from 
0 to / F, divided by the increase of temperature or, with 0 F as the 
reference point, by the temperature itself. The numerical values indicate 
that a rounded figure of 0.24 Btu per pound can be used in ordinary 
calculations. 

Applying well known identical relations of thermodynamics to Equation 
2, the following expression for specific enthalpy, valid at not too high 
pressures, is obtained 

h = ho -{- p (6) 

where denotes specific enthalpy at zero pressure. This equation 
emphasizes that the effect of pressure on specific enthalpy is not so much 
due to the second virial coefficient A itself as to its variation with tempera- 


Table 3. Specific Enthalpy of Dry Air at Zero Pressure^ 


Temp 

F 

t 

Specific 
Enthalpy 
Btu per Lb 

Mean 

Specific 

Heat 

Temp 

F 

t 

Specific 
Enthalpy 
Btu per Lb 

K. 

Mean 

Specific 

Heat 

Temp 

F 

t 

Specific 
Enthalpy 
Btu per Lb 

a: 

Mean 

Specific 

Heat 

[cll 

-96 

-22.839 

0.2393 

32 

7.796 

0.2395 

160 

38.529 

0.2400 

-64 

-15.186 

0.2393 

64 

15.466 

0.2396 

192 

46.238 

0.2401 

-32 

-7.529 

0.2394 

96 

23.145 

0.2397 

224 

53.962 

0.2403 

0 

+0.131 

0.2394 

128 

30.831 

0.2398 

256 

61.702 

0.2405 


aPrepared by John A Goff from published data computed from spectroscopic measurements. 


iThis conversion factor is not exact by definition, but involves an expenmental determination of the- 
relation between the absolute and the standard electrical units of energy. The value 1 int. joule — 1.00019' 
abs. joule, recommended by Osborne, Stimson and Ginnings [8] was used. 
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Table 4. Specific Enthalpy of Dry Air^ at 29.921 In, Hg 


Temp 

F 

t 

Specific 
Enthalpy 
Btu per Lb 
ha 

Specific 

Heat 

I^pI: 

Temp 

F 

t 

Specific 
Enthalpy 
Btu per Lb 
ha 

Specific 

Heat 

[^p1: 

Temp 

F 

t 

Specimc 
Enthalpy 
Btu per Lb 
ha 

Specific 

Heat 

-96 

-23.035 

0.2399 

32 

7.680 

0.2400 

160 

38.454 

0.2403 

-64 

-15.356 

0.2399 

64 

15.363 

0.2400 

192 

46.172 

0.2405 

-32 

-7.678 

0.2399 

96 

23.053 

0.2401 

224 

53.903 

0.2406 

0 

0.000 

0.2400 

128 

30.749 

0.2402 

256 

61.649 

0.2408 


aPrepared by John A. Goff. 


ture. In other words, the pressure effect may be much more important 
than the corresponding effect on specific volume. Values of the specific 
enthalpy of dry air at standard atmospheric pressure (29.921 in, Hg) as 
computed from Equation 6 are given in Table 4. 

Reference Point It is desired to give some prominence to the choice of 
reference point. As energy, and therefore enthalpy, is purely relative, 
any convenient state can be selected at which to assign the value zero to 
specific enthalpy. The state chosen is OF, 29.921 in. Hg. Perhaps the only 
really valid argument for this particular choice is that, for ordinary 
calculations at, or near, atmospheric pressure, a very simple equation 
can be used, namely, 

ha. = 0.24^ (7) 

WATER VAPOR 

Saturation Pressure. It is common knowledge that a substance like 
water can exist in at least three distinct phases, solid (ordinary ice), 
liquid and vapor; and that under certain conditions two or more phases 
can co-exist in stable equilibrium. For example, steam having a quality of 
98 per cent is a mixture of two co-existing phases, vapor and liquid, 98 per 
cent by weight being vapor and 2 per cent by weight, liquid. When two 
phases can co-exist in stable equilibrium, each is said to be saturated 
with respect to the other. 

One of the important problems of thermodynamics is to formulate the 
conditions for saturation in mathematical terms. The answer to the 
problem can be stated quite generally as equality, between the several 
co-existing phases, of (a) pressure, (b) temperature, (c) each component 
chemical potential. 

In the case of a pure substance like water, containing a single com- 
ponent, there is only one component chemical potential; and this becomes 
identical with a thermodynamic property called specific free enthalpy 
denoted by the letter g (Btu per pound) and defined by the equation : 

g = h Ts 

where 

h== specific enthalpy, Btu per pound. 

r= absolute temperature, degrees Fahrenheit. 

s = specific entropy, Btu per pound per degree Fahrenheit. 

To illustrate, liquid water at 212 F, 14.696 lb per square inch has a 
speafic free enthalpy of 180.07 - 671.70 X 0.3120 = -25.90 Btu per 
pound. At the same temperature and pressure, water vapor has a specific 

6 
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free enthalpy of 1150.4 — 671.70 X 1.7566 = —25.90 Btu per pound. 
The numerical data used in these calculations are to be found in the 
steam tables^. Since the two specific free enthalpies are equal at the same 
temperature and the same pressure, the two phases can co-exist in stable 
equilibrium to form a saturated mixture and are therefore saturated 
with respect to each other. 

But suppose that a different pressure had been assumed, the tempera- 
ture being 212 F as before; for example, assume a pressure of 14 lb per 
square inch. The specific free enthalpy of the liquid phase will be 
practically the same as before, but that of the vapor phase will change 
from —25.90 to —32.84 Btu per pound, most of this change being due 
to change of entropy which, in the case of a vapor, depends markedly 
upon the pressure. Since the specific free enthalpies of the two phases 
are no longer equal, they cannot co-exist in stable equilibrium and neither 
is saturated. As a matter of fact the vapor is superheated while the liquid 
is supersaturated. 

From this analysis it will be seen that to a given temperature T there 
corresponds a definite saturation pressure ps. This is also called the 
vapor pressure of the liquid or solid as the case may be. It will also be 
seen that a working definition of saturation can only be arrived at by 
application of the fundamental laws of thermodynamics. 

Referring specifically to the vapor phase, if the actual pressure is 
less than the saturation pressure corresponding to the actual temperature, 
the vapor is said to be superheated] if it is greater, as it may well be under 
proper circumstances, the vapor is said to be supersaturated. Values of 
the saturation pressure of pure water are given in Table 6®. 

Specific Volume 

Accurate values of the specific volume of water vapor at pressures 
equal or near the saturation pressure (for the given temperature) can be 
computed from Equation 1 since the second virial coefficient A{T) is 
known with satisfactory accuracy. Usually, however, the desired infor- 
mation can be read directly from the steam tables. Values for the specific 
volume of the saturated vapor, Vg, are also listed in Table 8. 

Specific Enthalpy 

The zero-pressure specific enthalpy, as calculated by A. R. Gordon 
from spectroscopic measurements, has recently been corrected for dis- 
tortion of the water molecules due to centrifugal forces. Best values at 
present available are listed in Table 5. 

From the numerical values of mean specific heat, it is clear that for 
ordinary calculations the following simple relation may be used : 

C = 0M4t + 1061 (8) 

Reference Point. The reference point for water has been chosen as 
saturated liquid at 82 F in conformity with usual steam table practice. 
In order to refer the zero-pressure values of specific enthalpy to this 


^Thermodynamic Properties of Steam, by J. H. Keenan and F. G. Keyes, published by John Wiley &: 
Sons, Inc., 1936, of which Table 8 is an abridgment. 

»Strictly speaking the values listed in Table 6 are not values of as labeled, but of p (Equation 13b) 
with the Dalton Factor (JDF) taken to be unity. ® 
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Table 5. Specific Enthalpy of Water Vapor at Zero Pressure^ 


Temp 

F 

t 

Specific 
Enthalpy 
Btu per Lb 

C 

Mean 

Specific 

Heat 

[ c;]i 

Temp 

F 

t 

Specific 
Enthalpy 
Btu per Lb 

C 1 

Mean 

Specific 

Heat 

Temp 

F 

t 

Specific 
Enthalpy 
Btu per Lb 

C 

Mean 

Specific 

Heat 

[^pj: 

-96 

1018.61 

0.4425 

32 

1075.28 

0.4435 

160 

1132.38 

0.4455 

-64 

1032.76 

0.4427 

64 

1089.51 

0.4440 

192 

1146.76 

0.4462 

-32 

1046.92 

0.4429 

96 

1103.76 

0.4444 

224 

1161.20 

0.4469 

0, 

1061.09 

0.4431 

128 

1118.05 

0.4450 

256 

1 

1175.70 

0.4477 


aPrepared by John A. Goff from published data computed from spectroscopic measurements. 


datum, best available information regarding latent heat, saturation 
pressure and second virial coefficient at 32 F has been used. The values 
in Table 5 do not agree exactly with those in the steam tables, but do 
agree with later information from the National Bureau of Standards [8]. 

MOIST AIR 

Dalton's Law. Having accurate information regarding the thermo- 
dynamic properties of dry air and water vapor separately, it is desired to 
predict the properties of moist air which is regarded as a mixture of 
these two constitutents. Statistical mechanics furnishes a starting point 
in the form of a prediction that, at not too high pressures, 

Pv = RT — "b 2.4aw a? (1 — 3c) (1 — L (9) 

where 

P — observed pressure, pounds per square foot. 

V = specific volume, cubic feet per mol. 

A^ca. = second virial coefficient for the dry air expresbing the effect of forces between 
air — air molecules, cubic feet per mol. 

*4ww == second virial coefficient for the water vapor, expressing the effect of forces 
between water — water molecules, cubic feet per mol. 

-^aw = interaction constant expressing the effect of forces between air — water mole- 
cules, cubic feet per mol. 

X = mol-fraction of dry air in the mixture, mols dry air per mol mixture. 

Equation 9 will be recognized as a generalization of Equation 2. Both 
^aa andylww are known; but until recently no reliable information on the 
interaction constant .4aw has been available. Preliminary results of a 
cooperative investigation between the A.S.H.V.E. and the Townc 
Scientific School, University of Pennsylvania, have indicated that the 
ratio 2^aw/(^aa + ^ww) has an approximately constant value \ = 
0.075 [10]. However, before attempting to make use of this information 
it is advisable, in the interest of simplicity, to first ignore the complica- 
tions arising from intermolecular forces. 

Now, in the absence of intermolecular forces, each constituent gas in a 
mixture such as moist air would behave exactly as if it alone occupied the 
volume V at the temperature T of the mixture and: (1) the observed 
pressure P would be the sum of individual partial pressures p\ (2) the 
total enthalpy H would be the sum of the individual enthalpies. This is 
the essence of Dalton’s Law of Partial Pressures. 
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Referring to dry air by the subscript a and, to water vapor by the 
subscript w, Dalton's Law would predict 

y — nrfjRT _ + «w) 

p2i pvt P 

where 

P ^ pz. pvt 

From these equations are easily obtained, 


(10a) 

(10b) 


_ Pvt Pvt _ y^w/^a 

«a P - pvt P 1 + Ww/^a 

in which ^ 

pz. — partial pressure of the iry air. 
pjfj = partial pressure of the water vapor. 

P = observed pressure of the mixture. 

= weight of dry air (mols). 

Ww = weight of water vapor (mols). 


(10c) 


Humidity Ratio 

In Equation 10c the ratio by weight of water vapor to dry air, thijn^ 
is expressed in mols per mol. Most engineers prefer to express it in 
pounds per pound which can easily be done, since the molecular weights 
of both water vapor (18.0154 lb per mol) and of dry air (28.967 Ib per mol) 
are known. Thus Equation 10c becomes 


W = 0.62193 - p or 

Jr pvt 


^ 

P 0.62193 H- W 


( 11 ) 


There is little doubt but that the weight ratio W is the most convenient 
parameter in terms of which to express the composition of moist air; but 
to choose a suitable name and one that would have general acceptance 
has always been a perplexing problem. In previous issues of the Guide, 
specific htcmidity was adopted even though it was recognized that the 
adjective specific should properly refer to weight of water vapor per 
pound of mixture, and not per pound of dry air. Various other names 
have been proposed from time to time including: mixing ratio, propor- 
tionate humidity, density ratio, absolute humidity. It is believed that 
the name humidity ratio is most suggestive of the meaning which it is 
desired to express, that it violates no well established usage as does the 
name specific humidity and that its adoption will avoid much confusion. 

To repeat: in the case of moist air, the ratio by weight (pounds) of 
water vapor to dry air is called humidity ratio and denoted by the letter W. 


Saturation 

It is often stated that moist air is saturated when the water vapor in it 
is itself in the dry saturated condition at the given temperature- This 
statement would imply that the humidity ratio of saturated moist air is, 
in accordance with Equation 11, 

Ws = 0.62193 p (12) 

jT — ps 

where p^ is the saturation pressure of pure water vapor. 
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Table 6. Thermodynajmic Properties of Moist Air^, 29.923 In. Hg (Continued) 
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This statement lacks thermodynamic soundness due to actual departures 
from Dalton’s Law, but has real practical merit as an approximation. 

Example 3. Calculate the humidity ratio of saturated moist air at 68 F, 30 in. Hg. 

Solution, The saturation pressure of pure water at 68 F from Table 6 is 0.68980 
in. Hg; hence, 

0,62193 X 0.68980 j ^ rj -n 

Ws = 29'3l02 ” 0.01464 (pound per pound of dry air). 


It is also frequently stated that moist air is saturated when the space 
(volume) occupied by it contains the maximum weight of water vapor at 
the given temperature. This means that any additional water would have 
to be in the liquid or solid phase. But under proper circumstances the 
water vapor can be supersaturated^ in which case the space occupied by 
the mixture can contain more than the maximum possible water vapor. 
The statement is therefore meaningless as a definition of saturation. 

A precise definition must necessarily refer to the co-existence of at 
least two distinct phases, say, liquid and vapor. These can only co-exist 
in stable equilibrium if evaporation of the liquid or condensation of the 
vapor under conditions of constant total volume and constant total 
internal energy would have to involve a decrease of total entropy. This 
would be the situation if, and only if, the pressure, the temperature, and 
each component chemical potential has the same value in each phase. 

In the case of moist air, the general conditions for saturation previously 
stated can be deduced from Equation 9 together with available data on 
the solubility of air in the liquid. They can be reduced to the form, 

I 

Pfs = 0.62193 — (13a) 
P -P. 


where 


' _ (PF) {DF) . 

(RF) 


The liquid (or solid) phase will contain a small amount of dissolved air 
and the Raoult factor (RF) expresses the effect of this dissolved air in 
lowering the vapor pressure in accordance with Raoult’s Law. The 
Poynting factor {PF) accounts for the fact that the very presence of 
dry air requires the liquid (or solid) to support a higher pressure at 
saturation than it would if no dry air were present. The Dalton factor 
(DF) expresses the effect of intermolecular forces in the vapor phase. 
All three factors depend more or less on pressure as well as on temperature. 

The Raoult and Poynting factors are calculable. The order of magni- 
tude of the Dalton factor can now be determined by computing its value 
at one temperature and pressure using the information previously 
referred to, namely, 24aw - 0.075 (A^^ + .4ww)- At 68 F, 29.921 in. 
Hg, for example, 

. _ 1.00073 X 1.0052 
1.00002 


This indicates departures from Dalton’s Law of the order of 0.5 per cent. 
The data in Table 6 which are based on an assumed value of unity for the 
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Dalton factor have not been revised pending final results on the measure- 
ment of the interaction constant [10]. 

Relative Humidity 

The ratio of actual humidity ratio W to the saturation humidity ratio 
Ws corresponding to the actual temperature and the observed pressure is 
denoted by the symbol [k and may be called alternatively degree of satura- 
tion or percent saturation; thus, 

W Ws (14) 

Example 4- Air is to be maintained at 70 F, 40 per cent saturation when outside air 
is at O F, 70 per cent. The observed pressure may be taken to be 29.921 in. Hg. Find 
the weight of water to be added to each pound of dry air using Table 6. 

Solution.^ The desired humidity ratio is 0.40 X 0.01574 = 0.006296 while that of 
outside air is 0.70 X 0.0007852 = 0.000550. Hence the weight of water to be added is 
0.006296 - 0.000550 = 0.005746 lb per pound dry air. 


Under Dalton’s Law the water vapor exerts a partial pressure pw which 
may be calculated from the given humidity ratio W and the observed 
pressure P by means of Equation 11. The ratio of this partial pressure 
to the saturation pressure of pure water ps corresponding to the actual 
temperature is called relative humidity and may be denoted by the symbol 
$ ; thus, 



(15) 


The relation between p. and is obtained directly from Equations 11 and 
12 and is 



(15a) 


whence it is clear that for ordinary temperatures where ps and therefore 
p^ are small compared with P, the two are approximately equal. 

As an aid in quickly translating degree of saturation p. into relative 
humidity <J>, the following empirical equation may be substituted for 
Equation 15a: 

= 11.(1— tJi) (15b) 

where a depends upon temperature for standard atmospheric pressure^ as 
shown by the values in Table 7. 

Within the limits of accuracy of (15b) this may also be written 

y, = $- a- ^(l-^) (15c) 

and used to translate relative humidity $ into degree of saturation p.. 


Table 7. Percentage Differences Corresponding to Temperature for 


Equation 15b 


Temp f 

Per Cent 

Temp f 

Per Cent 

Temp f 

Per Cent 

Temp f 

Per Cent 

i 

a 

i 

a 

t 

a 

t 

a 

5 

0.16 

30 

0.55 

55 

1.47 

80 

3.51 

10 

0.21 

35 

0.68 

60 

1.76 

85 

4.14 

15 

0.27 

40 

0.83 

65 

2.10 

90 

4.86 

20 

0.34 

45 

1.01 

70 

2.50 

95 

5.70 

25 

0.44 

50 

1.22 

75 

2.97 

100 

6.67 
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For example, corresponding to 40 per cent saturation at 100 F, the 
relative humidity is 0.40 + 0.0667 X 0.40 X 0.60 = 0.416 or 41.6 per 
cent (15b). Conversely, corresponding to a relative humidity of 41.6 
per cent, the degree of saturation is 0.416 — 0.0667 X 0.416 X 0.584 = 
0.400 or 40 per cent (15c). 


Dew-point 

If moist air is cooled at constant humidity ratio W and constant ob- 
served pressure P, a temperature will be reached at which the air just 
becomes saturated and formation of a liquid (or solid) phase just com- 
mences. This temperature is called the dew-point corresponding to the 
given humidity ratio and observed pressure. 

Escample 5. Find the dew-point of the humidified air of Example 4. 

Solution. The given humidity ratio is 0.006296 which is the saturation value at 44.96 
F (Table 6, assuming the total pressure to be 29.921 in. Hg). This is therefore the dew- 
point of the humidified air. 

Example 6. Find the degree of saturation of air having a temperature of 90 F, a 
dew-point of 60 F. 

Solution. Assuming the total pressure to be 29.921 in. Hg, the humidity ratio is given 
in Table 6 as 0.01103 lb per pound dry air. The saturation humidity ratio at 90 F is 
0.03102 lb per pound dry air; hence the degree of saturation is 0.01103 -r- 0.03102 = 
0.355 or 35.5 per cent. 


Volume 


The volume of moist air per pound of dry air contained in it is a very 
useful quantity. It should not be called specific volume ; for the adjective 
specific should properly refer to volume per pound of mixture. Using- 
Equations 10a and 14 an expression for the volume per pound of dry air 
is obtained, namely. 


V — 


B^T 

P 


^ WsB^T 


) 


(16) 


Example 7. Find the volume (per pound of dry air) of the humidified air of Example 4. 


Solution. V 


( 53.35 X 529.7 \ , n .n / 0.01574 X 85.78 X 529.7\ 

V 29.92 X 0.49115 X 144/ V 29.92 X 0.49115 X 144 / 


= 13.354 + 0.40 X 0.338 — 13.489 cu ft per pound dry air. 


Equation 16 is linear in degree of saturation p. and of the form 


z' « % -f {JU z;as (17) 

where Vq, denotes specific volume of dry air at temperature T and pressure 
P; and denotes the difference between this and the volume of the 
saturated mixture per pound of dry air Vq. Strict linearity is, of course, 
a result of the use of Dalton's Law; but it is expected that it can be 
retained as a very close approximation even when the abandonment of 
Dalton's Law becomes possible. 

Example 8. Work Example 7 using Table 6. 

Solution. V — 13.34 + (0.40 X 0.34) — 13,48 cu ft per pound dry air. 

By putting = 1 (100 per cent saturation) in Equation 16 an expression 
for Vs, the volume of saturated air per pound of dry air, is obtained. Values 
for standard atmospheric pressure (29.921 in. Hg) are listed in Table 6. 
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Often it is preferred to express this information in terms of density, that 
is, weight of saturated air per unit volume. This can easily be done by 
dividing (volume of saturated air per pound of dry air) into (1 + ^e^s) 
{weight of saturated air per pound of dry air). Thus, at 100 F, 29.921 in. 
Hg, the density of saturated air is, from Table 6, 1.04293 -r- 15.07 = 
0.06921 lb per cubic foot. 

Values in Table 9 are intended to aid in determining the density of 
saturated air at different pressures. Values for temperatures and pres- 
sures other than those listed can be obtained by linear interpolation 
which is aided by the next to last column of figures. Thus, at 100 F, 
29.921 in. Hg, the density of saturated air is, from Table 9, 0.06818 + 
(4.21 X 0.00024) = 0.06919 lb per cubic foot, in approximate agreement 
with Table 6. 

A column of figures is included in Table 9 giving the approximate 
average increase in density per degree wet-bulb depression. This makes 
it easy to calculate a value for the density of moist air taking into account 
its moisture content as well as its temperature and pressure. 


Volume Chart 

A volume chart drawn for a total pressure of 29.921 in. Hg will be 
found in the envelope attached to the inside back cover of this book. On 
this chart values of volume per pound of dry air v are plotted as abscissa 
against values of humidity ratio W as ordinate. The chart is self- 
explanatory. 


Enthalpy 

Thermodynamically, Equation 10a implies that the specific enthalpies 
of dry air and water vapor are independent of pressure and that the 
enthalpy of moist air (per pound of dry air) is the sum of separate con- 
tributions from the dry air and water vapor according to the simple 
equation 

h = {Wsh^) (18) 


Equation 18 is also linear in degree of saturation [x and of the form 


^ = /ta + IJ- ^as 


(19) 


where denotes the specific enthalpy of dry air at the given temperature 
and total pressure; and denotes the difference between this and the 
enthalpy of the saturated mixture per pound of dry air h^. Provisional 
values are listed in Table 6. 

Example 9. Find the enthalpy (per pound of dry air) of air at 96 F, 60 per cent 
saturation and 29.921 in. Hg. 

Solution. Using Table 6, h ^ 23.04 + (0.60 X 41.58) = 47.99 Btu per pound dry air. 


Thermodynamic Wet-bulb Temperature 

If liquid (or solid) water be injected into an air stream it will evaporate 
and thus increase the humidity ratio of the air. Enough water may be 
injected to saturate the air. If the process is one of steady flow with 
observed pressure constant] if it is adiabatic] and if the temperature at 
which the air reaches saturation coincides with the temperature of the 
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liquid (or solid) as added; then the common temperature is called thermo- 
dynamic wet-bulb temperature. This lengthy definition is easily visualized 
by referring to Fig. 1 in which Aw denotes the specific enthalpy of the 
liquid (or solid) as injected. 

The process being adiabatic, weight and energy accountings give 

hi + (W^ - Wi) = hs (20) 

If the temperature of the saturated air at the leaving section coincides 
with that of the injected liquid (or solid), then TFg, and As are functions 
of a single temperature which can therefore be determined by solving 
(20). This is the thermodynamic wet-bulb temperature corresponding 
to conditions at the entering section. 

Example 10. Find the thermodynamic wet-bulb temperature of dry air at 80 F and 
29.921 in. H^. 

Solution. Using Table 6, the equation to be solved is 19.19 + (TFs — 0) = hs. 

A trial value is obtained by ignoring the small quantity {Ws — 0) A^; it is 48 F corres- 
sponding to As = 19.19 Btu per pound dry air. A final value of 48.26 F is then obtained 
from As = 19.19 -f- (0.007072 X 16.1) = 19.30 Btu per pound dry air. 


zafes 




OVs-Wi) lb liquid (or solid) water at t* 
(Ws-Wj) hi Btu 


1 lb dry air 
Wj lb water vapor 
h] Btu 




1 lb dry air -n 




Fig 1. Diagram Illustrating Thermodynamic Wet-Bulb Temperature 


Example 11. Find the degree of saturation of moist air at 90 F dry-bulb, 70 F wet- 
bulb and 29,921 in. Hg, 

Solution. Using Table 6, the equation to be solved is (21.59 -f 34.11 a) -f (0.01574 
— 0.03102p.) X 38.0 = 33.96 from which 

p. - 11.77 ^ 32.93 = 0.357 or 35.7 per cent. 

It is important to note in connection with Equation 20 that the enthalpy 
per pound dry air is not constant along a line of constant thermodynamic 
wet-bulb temperature on account of the term (Ws — Wi) h^. In rough 
calculations, however, it is usually legitimate to ignore this term. 

Thermodynamic wet-bulb is an important property of moist air 
because it is approximately the temperature indicated by the wet-bulb 
psychrometer. This instrument consists of a thermometer with its bulb 
covered with gauze moistened with clean liquid water. It is whirled 
through the air until the thermometer reads a steady temperature. At 
this point, the temperature of the liquid evaporating from the wetted 
surface has adjusted itself so that the air immediately in contact with 
the liquid is brought to saturation at the same temperature. Unfortu- 
nately, the mixing taking place beyond the liquid surface is not adiabatic; 
for one reason because the wet-bulb sees objects at dry-bulb temperature 
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and considerable heat is transferred by radiation. Also there are other 
reasons why the readings of the psychrometer depend upon the design 
of the instrument, the velocity of the air stream in which it is placed, 
and other factors. Therefore wet-bulb temperature as indicated by the 
psychrometer cannot be regarded as a thermodynamic property; in fact, 
the approximate agreement with thermodynamic wet-bulb temperature 
in the case of moist air has been shown to be largely fortuitous [4]. 

Mollier Diagram 

A thermodynamic analysis of any air conditioning process consists in 
writing: (1) a weight balance for the dry air; (2) a weight balance for 
the water; (3) an energy balance.' The first is reduced to its simplest 
form by basing all quantities on one pound of dry air. The second is the 
most simply expressed in terms of humidity ratio, or weight of water per 
pound of dry air.^ Since most air conditioning processes are of the steady 
flow type in which the thermal energy convected with the fluid is its 
enthalpy, the third is most simply expressed in terms of enthalpy per 
pound of dry air. It is clear, therefore, that humidity ratio W and en- 
thalpy per pound of dry air h are fundamental coordinates. Their use 
for the purpose of graphical representation is due to Mollier [3]. A 
convenient modification of the Mollier diagram devised by Goff is 
obtained by taking humidity ratio W as ordinate and reduced enthalpy 
{h — 1000 WO 3'S abscissa, as shown in the chart enclosed in the envelope 
attached to the inside back cover of this book. 

The reasons for the use of the difference {h — 1000 WO as abscissa 
instead of h itself in the Mollier Diagram for Moist Air are the following: 
(1) it amounts to plotting on oblique coordinates and thus reduces to con- 
venient proportions a diagram which would otherwise take the form of a 
scroll; (2) by the choice of the factor 1000 the necessary multiplication 
reduces to shifting the decimal point; (3) the ease with which the ordinate 
W can be multiplied by 1000 and added to the abscissa to obtain the 
enthalpy h makes it unnecessary to complicate the chart by a family of 
isenthalpic lines. 

In the Mollier diagram, the lines inclined upward and slightly to the 
right are lines of constant (dry-bulb) temperature. They are straight 
under Dalton's Law but actually have slight curvature. The lines in- 
clined upward to the left are lines of constant thermodynamic wet-bulb 
and are straight by definition. The dry-bulb and wet-bulb lines meet at 
the saturation curve and coincide in the region to the left of this curve. 
This region is divided into three sub-regions by the narrow wedge with apex 
at the junction of the 32 F wet-bulb and dry-bulb lines. Above the wedge, 
the mixture consists of two distinct phases, saturated vapor and saturated 
liquid. At point A , for example, the temperature is 60 F and the vapor 
phase contains 0.01103 pounds of water vapor per pound of dry air from 
Table 6. From the Mollier diagram, W = 0.016 lb, leaving 0.00497 lb per 
pound dry air in the liquid phase. The total enthalpy of the mixture is 
10.51 + (1000 X 0.016) = 26.51 Btu per pound dry air of which 15.34 + 
(1000 X 0.01103) = 26.37 Btu per pound dry air is contributed by the 
vapor phase. 

Within the wedge, the mixture consists of three distinct phases, satu- 
rated vapor, saturated solid and saturated liquid. The temperature is 

23 


HEATING VENTILATING AIR CONDITIONING GUIDE 1942 


Table 8. Properties of Saturated Steam: Pressure Tabled 


Abs. 

Temp 

F 

t 

I Specific Volume 

[ Enthalpy 


Entropy 

Abs. 

Press. 
In. Hg, 
P 

Sat. 

Liquid 

Vt 

Sat. 

Vapor 

Sat. 

Liquid 

Evap. 

hfg 

Sat 

Vapor 

Sat. 

Liquid 

Evap. 

^{g 

Sat. 

Vapor 

^g 

Press. 
In. Hg 

P 

0.25 

40.23 

0 01602 

2423.7 

8.28 

1071.1 

1079.4 

0.0166 

2.1423 

2,1589 

0.25 

0.50 

58 80 

0.01604 

1256.4 

26.86 

1060.6 

1087.5 

0.0532 

2.0453 

2.0986 

0.50 

0.75 

70.43 

0.01606 

856.1 

38.47 

1054.0 

1092.5 

0.0754 

1.9881 

2.0635 

0.75 

1.00 

79.03 

0.01608 

652.3 

47.05 

1049.2 

1096.3 

0.0914 

1.9473 

2.0387 

1.00 

1.5 

91.72 

0.01611 

444.9 

59.71 

1042.0 

1101.7 

0.1147 

1 8894 

2.0041 

1.5 

2 

101.14 

0.01614 

339.2 

69.10 

1036.6 

1105.7 

0.1316 

1.8481 

1.9797 

2 

4 

126.43 

0.01622 

176.7 

93.34 

1022.7 

1116.0 

0.1738 

1.7476 

1.9214 

4 

6 

140.78 

0.01630 

120.72 

108.67 

1013.6 

1122 3 

0 1996 

1.6881 

1.8877 

6 
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152.24 

0.01635 

92.16 

120.13 
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1127.0 

0.2186 

1.6454 

1.8640 

8 

10 

161.49 

0.01640 

74.76 

129.38 
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1130.8 

0.2335 
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1.8456 

10 
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0.01644 

63 03 

137 18 

996 7 
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0.2460 

1.5847 

1.8307 

12 

14 
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54 55 

143.96 
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1136.6 

0.2568 
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14 

16 
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48 14 

149.98 

988 9 
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0.2662 
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1.8072 

16 

18 
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43.11 

155.39 

985.7 

1141 1 

0.2746 

1.5231 

1.7977 

18 
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0.01658 
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160.33 
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1143.0 

0.2822 

1.5069 
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20 

22 

196.90 

0 01661 
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164.87 

979.8 

1144.7 

0.2891 

1.4923 

1 7814 

22 

24 

201.09 

0.01664 

32.94 

169.09 

977.2 

1146.3 

0.2955 

1.4789 

1.7744 

24 

26 

205.00 

0.01667 

30.56 

173.02 

974.8 

1147.8 

0 3014 

1.4665 

1.7679 

26 

28 

208.67 

0.01669 

28.52 

176.72 

972.5 

1149.2 

0.3069 

1.4550 

1.7619 

28 

30 

212.13 

0.01672 

26.74 

180.19 

970.3 

1150.5 

0.3122 

1.4442 

1.7564 

30 

Lb/Sq In. 
14.696 

212.00 

0.01672 

26 80 

180.07 

970.3 

1150 4 

0.3120 

1.4446 

1.7566 

Lb/Sq In. 

14.696 

16 

216.32 

0.01674 

24 75 

184.42 

967.6 

1152.0 

0.3184 

1.4313 

1.7497 

16 

18 

222.41 

0.01679 

22.17 

190.56 

963.6 

1154.2 

0.3275 

1.4128 

1.7403 

18 

20 

227.96 

0.01683 

20.089 

196.16 

960 1 

1156.3 

0.3356 

1.3962 

1.7319 

20 

22 

233.07 

0.01687 

18.375 

201.33 

956 8 

1158.1 

0.3431 

1.3811 

1.7242 

22 

24 

237.82 

0.01691 

16.938 

206.14 

953 7 

1159.8 

0.3500 

1.3672 

1.7172 

24 

26 

242.25 

0.01694 

15.715 

210.62 

950.7 

1161.3 

0.3564 

1.3544 

1.7108 

26 

28 

246.41 

0.01698 

14.663 

214.83 

947.9 

1162.7 

0.3623 

1.3425 

1.7048 

28 

30 

250.33 

0.01701 

13 746 

218 82 

945.3 

1164 1 

0.3680 

1.3313 

1 6993 

30 

32 

254.05 

0.01704 

12.940 

222.59 

942 8 

1165 4 

0.3733 

1.3209 

1.6941 

32 

34 

257.58 

0.01707 

12.226 

226.18 

940 3 

1166 5 

0 3783 

1.3110 

1.6893 

34 

36 

260.95 

0.01709 

11588 

229.60 

938 0 

1167.6 

0.3831 

1.3017 

1.6848 

36 

38 

264.16 

0.01712 

11.015 

232 89 

935.8 

1168 7 

0.3876 

1.2920 

1.6805 

38 

40 

267.25 

0.01715 

10 498 

236.03 

933.7 

1169.7 

0 3919 

1.2844 

1.6763 

40 

42 

270.21 

0.01717 

10.029 

239.04 

931.6 

1170.7 

0.3960 

1.2764 

1.6724 

42 

44 

273.05 

0.01720 

9.601 

241.95 

929.6 

1171.6 

0.4000 

1.2687 

1.6687 

1 44 

46 

275.80 

0,01722 

9.209 

244 75 

927.7 

1172 4 

0.4038 

1.2613 

1.6652 

46 

48 

278.45 

0,01725 

8 848 

247 47 

925.8 

1173.3 

0.4075 

1.2542 

1.6617 

48 

50 

281.01 

0.01727 

8.515 

250.09 

924.0 

1174 1 

0.4110 

1.2474 

1.6.585 

50 

52 

283.49 

0.01729 

8 208 

252.63 

922.2 

1174.8 

0.4144 

1.2409 

1.6553 

52 

54 

285.90 

0.01731 

7.922 

255 09 

920 5 

1175.6 

0.4177 

1.2346 

1.6,523 

54 

56 

288.23 

0.01733 

7.656 

257.60 

918.8 

1176.3 

0.4209 

1.2285 

1 6494 

56 

58 

290.50 

0.01736 

7.407 

259.82 

917.1 

1176.9 

0.4240 

1.2226 

1.6466 

58 

60 

292.71 

0.01738 

7175 

262.09 

915 5 

1177.6 

0.4270 

1.2168 

1 6438 

60 

62 

294.85 

0.01740 

6.957 

264 30 

913.9 

1178 2 

0.4300 

1.2112 

1.6412 

62 

64 

296.94 

0.01742 

6,752 

266.45 

912.3 

1178.8 

0.4328 

1.2059 

1.0387 

64 

66 

298.99 

0.01744 

6 560 

268.55 

910 8 

1179.4 

0.4356 

1.2006 

1.6362 

66 

68 

300 98 

0.01746 

6.378 

270.60 

909.4 

1180.0 

0.4383 

1.1955 

1.6338 

68 

70 

302.92 

0.01748 

6.206 

272.61 

907.9 

1180.6 

0.4409 

1.1906 

1.6315 

70 

72 

304.83 

0.01750 

6,044 

274.57 

906.5 

1181.1 

0.4435 

1.1857 

1.6292 

72 

74 

306.68 

0.01752 

5 800 

276.49 

905.1 

1181.6 

0.4460 

1.1810 

1 6270 

74 

76 

308.50 

0.01754 

5 743 

278.37 

903.7 

1182.1 

0.4484 

1.1764 

1 6248 

76 

78 

310.29 

0.01755 

5.604 

280.21 

902.4 

1182.6 

0.4508 

1.1720 

1.0228 

78 

80 

312.03 

0.01757 

5.472 

282.02 

901.1 

1183 1 

0.4531 

1.1676 

1.6207 

80 

82 

313.74 

0.01759 

5.346 

283.79 

899.7 

1183.5 

0.4554 

1.1633 

1.6187 

82 

84 

315.42 

0.01761 

5.226 

285.53 

898.5 

1184.0 

0.4576 

1.1.592 

1.6168 

84 

86 

317.07 

0.01762 

5.111 

287.24 

897.2 

1184.4 

0.1598 

1.15,51 

1.6149 

86 

88 

318.68 

0.01764 

5.001 

288.91 

895.9 

1184.8 

0.4620 

1.1510 

1.0130 

$8 

90 

320.27 

0.01766 

4.896 

290.56 

894.7 

1185.3 

0 4041 

1.1471 

1.0112 

90 

92 

321.83 

0.01768 

4 796 

292.18 

893.5 

1185.7 

0.4661 

1.1433 

1.0094 

92 

94 

323 36 

0.01769 

4.699 

293.78 

892.3 

1186.1 

0.4682 

1.1394 

1.6076 

94 

96 

324.87 

0.01771 

4.606 

296.34 

891.1 

1186.4 

0.4702 

1.13.58 

1.60G0 

96 

98 

326.35 

0.01772 

4.517 

296.89 

889 9 

1186.8 

0.4721 

1.1.322 

1.6043 

98 

100 

327.81 

0.01774 

4.432 

298.40 

888.8 

1187.2 

0.4740 

1.1286 

1.6026 

100 

150 

358.42 

0.01809 

3.015 

330.51 

863.6 

1194.1 

0.5138 

0.0556 

1.5694 

150 

200 

381.79 

0,01839 

2.288 

355.36 

843.0 

1198.4 

0.5435 

1.0018 

1..54.53 

200 

300 

417.33 

0.01890 

1.5433 

393.84 

809.0 

1202 8 

0 .5879 

0.9225 

1,5104 

300 

400 

444.59 

0.0193 

1.1613 

424.0 

780.5 

1204 5 

0.6214 

0.8630 

1.4844 

400 

500 

467.01 

0.0197 

0.9278 

449.4 

755.0 

1204.4 

0.6487 

0.8147 

1.4634 

500 


aReprinted by permission from Thermodynamic Properties of Steam, by J. H. Keenan and F G. Keyes, 
published by John Wiley and Sons, Inc , 1936 edition. 
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CHAPTER 1. THERMODYNAMICS OF AIR AND WATER MIXTURES 


Table 8. Properties of Saturated Steam: Temperature Table® 


Temp 

F 

t 

Abs. Pressure | 

Specific Volume | 

Enthalpy 1 

Entropy I 

Temp 

F 

/ 

Lb per 
Sq In. 

P 

In. Hg 

P 

Sat. 

Liquid 

Pf 

Evap. 

Sat 

Vapor 

^'g 

Sat. 

Liquid 

hf 

Evap. 

Afg 

Sat. 

Vapor 

Sat. 

Liquid 

Sf 

Evap. 

Sat. 

Vapor 

“^g 

32 

0.08854 

0.1803 

0 01602 

3306 

3306 

0.00 

1075.8 

1075.8 

0.0000 

2.1877 

2.1877 

32 

33 

0.09223 

0.1878 

0.01602 

3180 

3180 

1.01 

1075.2 

1076.2 

0.0020 

2.1821 

2.1841 

33 

34 

0.09603 

0.1955 

0 01602 

3061 

3061 

2.02 

1074.7 

1076.7 

0.0041 

2.1764 

2.1805 

34 

35 

0.09995 

0.2035 

0 01602 

2947 

2947 

3.02 

1074.1 

1077.1 

0.0061 

2.1709 

2.1770 

35 

36 

0.10401 

0.2118 

0.01602 

2837 

2837 

4 03 

1073.6 

1077.6 

0.0081 

2.1654 

2.1735 

36 

37 

0.10821 

0.2203 

0 01602 

2732 

2732 

5.04 

1073.0 

1078.0 

0.0102 

2.1598 

2.1700 

37 

38 

0.11256 

0.2292 

0.01602 

2632 

2632 

6.04 

1072.4 

1078.4 

0.0122 

2.1544 

2.1666 

38 

39 

0.11705 

0 2383 

0.01602 

2536 

2536 

7.04 

1071.9 

1078.9 

0.0142 

2.1489 

2.1631 

39 

40 

0.12170 

0.2478 

0.01602 

2444 

2444 

8.05 

1071.3 

1079.3 

0.0162 

2.1435 

2.1597 

40 

41 

0.12652 

0.2576 

0.01602 

2356 

2356 

9 05 

1070.7 

1079.7 

0.0182 

2 1381 

2.1563 

41 

42 

0.13150 

0.2677 

0.01602 

2271 

2271 

10.05 

1070.1 

1080.2 

0.0202 

2.1327 

2.1529 

42 

43 

0.13665 

0.2782 

0.01602 

2190 

2190 

11.06 

1069.5 

1080.6 

0.0222 

2.1274 

2.1496 

43 

44 

0.14199 

0.2891 

0.01602 

2112 

2112 

12 06 

1068.9 

1081,0 

0.0242 

2.1220 

2.1462 

44 

45 

0.14752 

0.3004 

0.01602 

2036.4 

2036.4 

13.06 

1068.4 

1081.5 

0.0262 

2.1167 

2.1429 

45 

46 

0.15323 

0.3120 

0.01602 

1964.3 

1964.3 

14.06 

1067.8 

1081.9 

0.0282 

2.1113 

2.1395 

46 

47 

0.15914 

0 3240 

0.01603 

1895.1 

1895.1 

15.07 

1067.3 

1082.4 

0.0302 

2.1060 

2.1362 

47 

48 

0.16525 

0.3364 

0.01603 

1828 6 

1828 6 

16.07 

1066.7 

1082.8 

0.0321 

2.1008 

2.1329 

48 

49 

0.17157 

0.3493 

0.01603 

1764.7 

1764.7 

17.07 

1066.1 

1083.2 

0.0341 

2.0956 

2.1297 

49 

50 

0.17811 

0.3626 

0.01603 

1703.2 

1703.2 

18.07 

1065.6 

1083.7 

0.0361 

2.0903 

2.1264 

50 

51 

0.18486 

0.3764 

0.01603 

1644 2 

1644.2 

19.07 

1065.0 

1084.1 

0.0380 

2.0852 

2.1232 

51 

52 

0.19182 

0.3906 

0.01603 

1587.6 

1587.6 

20.07 

1064.4 

1084.5 

0.0400 

2 0799 

2.1199 

52 

53 

0.19900 

0.4052 

0 01603 

1533 3 

1533.3 

21.07 

1063.9 

1085.0 

0.0420 

2.0747 

2.1167 

53 

54 

0.20642 

0.4203 

0 01603 

1481.0 

1481.0 

22.07 

1063.3 

1085.4 

0.0439 

2.0697 

2.1136 

54 

55 

0.2141 

0.4359 

0.01603 

1430.7 

1430.7 

23.07 

1062 7 

1085.8 

0.0459 

2.0645 

2.1104 

55 

56 

0.2220 

0.4520 

0.01603 

1382.4 

1382.4 

24.06 

1062.2 

1086.3 

0.0478 

2.0594 

2 1072 

56 

57 

0.2302 

0.4686 

0 01603 

1335.9 

1335.9 

25 06 

1061 6 

1086.7 

2.0497 

2.0544 

2.1041 

57 

58 

0.2386 

0 4858 

0 01604 

1291 1 

1291,1 

26.06 

1061.0 

1087.1 

0.0517 

2.0493 

2.1010 

58 

59 

0.2473 

0 5035 

0.01604 

1248.1 

1248.1 

27.06 

1060.5 

1087.6 

0.0536 

2 0443 

2.0979 

59 

60 

0.2563 

0 5218 

0.01604 

1206.6 

1206.7 

28.06 

1059 9 

1088.0 

0.0555 

2.0393 

2.0948 

60 

61 

0.2655 

0.5407 

0.01604 

1166.8 

1166.8 

29.06 

1059.3 

1088.4 

0.0574 

2.0343 

2.0917 

61 

62 

0.2751 

0.5601 

0 01604 

1128.4 

1128.4 

30.05 

1058 8 

1088.9 

0.0593 

2.0293 

2.0886 

62 

63 

0.2850 

0.5802 

0.01604 

1091.4 

1091.4 

31.05 

1058.2 

1089.3 

0.0613 

2.0243 

2.0856 

63 

64 

0.2951 

0.6009 

0.01605 

1055.7 

1055.7 

32.05 

1057.6 

1089.7 

0.0632 

2.0194 

2.0826 

64 

65 

0.3056 

0.6222 

0.01605 

1021.4 

1021,4 

33.05 

1057.1 

1090.2 

0.0651 

2.0145 

2.0796 

65 

66 

0.3164 

0.6442 

0 01605 

988 4 

988 4 

34.05 

1066.5 

1090.6 

0.0670 

2.0096 

2.0766 

66 

67 

0,3276 

0,6609 

0 01005 

956.6 

956.6 

36.05 

1056.0 

1091.0 

0.0689 

2 0047 

2.0736 

67 

68 

0 3390 

0.6903 

0 01605 

925.9 

925.9 

36.04 

1055.5 

1091.5 

0.0708 

1.9998 

2.0706 

68 

69 

0.3509 

0.7144 

0.01605 

896 3 

896.3 

37.04 

1054.9 

1091.9 

0.0726 

1.9950 

2 0676 

69 

70 

0.3631 

0.7392 

0 01606 

867.8 

867.9 

38.04 

1054.3 

1092.3 

0.0745 

1.9902 

2.0647 

70 

71 

0.3756 

0.7648 

0 01G06 

840 4 

840.4 

39.04 

1053 8 

1092.8 

0.0764 

1.9854 

2.0618 

71 

72 

0 3886 

0.7912 

0.01606 

813.9 

813.9 

40.04 

1053.2 

1093.2 

0.0783 

1.9805 

2.0588 

72 

73 

0.4019 

0 8183 

0.01606 

788.3 

788.4 

41.03 

1052.6 

1093.6 

0.0802 

1.9757 

2.0559 

73 

74 

0.4156 

0.8462 

0.01606 

763 7 

763,8 

42.03 

1052 1 

1094.1 

0.0820 

1.9710 

2.0530 

74 

75 

0.4298 

0.8750 

0 01607 

740.0 

740 0 

43.03 i 

1051.5 

1094.5 1 

0.0839 

1 9663 

2.0502 

75 

76 

0.4443 

0.9046 

0,01607 

717.1 

717.1 

44.03 1 

1050.9 1 

1094.9 ' 

0.0858 

1.9615 

2.0473 

76 

77 

0 4593 

0.9352 

0,01607 

694.9 

694.9 

45.02 

1050.4 

1095.4 

0.0876 

1 9569 

2.0445 

77 

78 

0.4747 

0 9666 

0 01607 

C73 6 

673.6 

46 02 

1049.8 

1095.8 

0.0895 

1.9521 

2.0416 

78 

79 

0.4906 

0.9989 

0 01608 

653.0 

653.0 

47.02 

1049.2 

1096.2 

0.0913 

1.9475 

2.0388 

79 

80 

0.5069 

1.0321 

0.01608 

633.1 

633.1 

48.02 

1048.6 

1096.6 

0.0932 

1.9428 

2.0360 

80 

81 

0.5237 

1.0664 

0.01G08 

613.9 

613.9 

49.02 

1048.1 

1097.1 

0.0950 

1.9382 

2 0332 

81 

82 

0.5410 

1.1016 

0.01608 

595.3 

595 3 

60.01 

1047.5 

1097.5 

0.0969 

1.9335 

2 0304 

82 

83 

0.5588 

1.1378 

0.01G09 

577.4 

577 4 

51.01 

1046.9 

1097.9 

0.0987 

1.9290 

2.0277 

83 

84 

0.5771 

1.1750 

0.01609 

560.1 

560.2 

52.01 

1046.4 

1098.4 

0.1005 

1.9244 

2 0249 

84 

85 

0.5959 

1.2133 

0.01609 

543 4 

543.5 

53.00 

1045.8 

1098.8 

0.1024 

1.9198 

2.0222 

85 

86 

0.6152 

1.2527 

0.01G09 

527 3 

527.3 

54 00 

1045 2 

1099.2 

0.1042 

1.9153 

2.0195 

86 

87 

0.6351 

1.2931 

0.01610 

511.7 

511.7 

55.00 

1044.7 

1099.7 

0.1060 

1.9108 

2.0168 

87 

88 

0.6556 

1.3347 

0.01610 

496 6 

496.7 

66.00 

1044.1 

1100.1 

0.1079 

1.9062 

2.0141 

88 

89 

0.6766 

1.3775 

0.01610 

482.1 

482.1 

56.99 

1043.5 

1100.5 

0.1097 

1.9017 

2.0114 

89 

90 

0.6982 

1.4215 

0.01010 

468.0 

468.0 

57.99 

1042.9 

1100 9 

0.1115 

1.8972 

2.0087 

90 

91 

0.7204 

1.4667 

0 01611 

454.4 

454,4 

68.99 

1042.4 

1101.4 

0.1133 

1 8927 

2 0060 

91 

92 

0.7432 

1.5131 

0.01611 

441.2 

• 441.3 

59 99 

1041.8 

1101 8 

0.1151 

1.8883 

2.0034 

92 

93 

0.7C66 

1.5608 

OOlGll 

428.5 

428.5 

60.98 

1041.2 

1102.2 

0.1169 

1.8838 

2.0007 

93 

94 

0.7906 

1.0097 

0.01612 

416.2 

416.2 

61.98 

1040.7 

1102 6 

0.1187 

1.8794 

1.9981 

94 

95 

0.8153 

1.6600 

0.01612 

404 3 

404.3 

62 98 

1040.1 

1103 1 

0.1205 

1 8750 

1.9955 

95 

96 

0.8407 

1.7117 

0.01612 

392 8 

392 8 

63 98 

1039.5 

1103.5 

0.1223 

1.8706 

1 9929 

96 

97 

0.8668 

1 7047 

0 01612 

381.7 

381.7 

04.97 

1038.9 

1103 9 

0.1241 

1.8662 

1.9903 

97 

98 

0.8935 

1.8192 

0.01613 

370.9 

370.9 

66.97 

1038.4 

1104.4 

0.1259 

1.8618 

1 9877 

98 

99 

0.9210 

1.8751 

0.01613 

360.4 

360.5 

66.97 

1037.8 

1104 8 

0.1277 

1.8575 

1.9852 

99 

100 

0.9492 

1.9325 

0.01613 

350.3 

350 4 

67.97 

1037.2 

1105 2 

0.1295 

1.8531 

1.9826 

100 

101 

0.9781 

1.9915 

0.01614 

340.6 

340.6 

68.96 

1036.6 

1105.6 

0.1313 

1.8488 

1.9801 

101 


s^Reprinted by permission from ThermodynciTnic Properties of Steam, by J. H. K!eena.n and F. G. Keyes, 
published by John Wiley and Sons, Inc , 1936 edition. 
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Table 9. Weight of Saturated and Partly Saturated Air^ 


Dry-Bulb 
Temp 
Dbg F 

Weight op Sa.tura.tbd Air for Various Barometric and 

Hygrometric Conditions— Pounds per Cubic Foot 

Approx. 

Average 

Increase 

IN Weight 
Per Dbg 
Wet-Bulb 
Depression 

Barometric Pressure Inch^ of Mercury 

Increase 

In Weight 

28 5 

29 0 

29.5 

30 0 

30 5 

310 

Rise in 
Barometer 

30 

0.07703 

0.07839 

0.07974 

0.08110 

0.08245 

0.08381 

0.00027 

0.000017 

32 

0.07671 

0.07806 

0.07940 

0.08075 

0.08210 

0.08345 

0.00027 

0.000017 

34 

0.07638 

0.07772 

0.07907 

0.08041 

0.08175 

0.08310 

0.00027 

0.000018 

36 

0.07605 

0.07739 

0,07873 

0.08007 

0.08141 

0.08274 

0.00027 

0.000018 

38 

0.07573 

0.07706 

0.07840 

0.07973 

0.08106 

0.08239 

0.00027 

0.000019 

40 

0.07541 

0.07674 

0.07806 

0.07939 

0.08072 

0.08205 

0.00027 

0.000019 

42 

0.07509 

0.07641 

0.07773 

0.07905 

0.08038 

0.08170 

0.00026 

0.000020 

44 

0.07477 

0.07609 

0.07740 

0.07872 

0.08004 

0.08135 

0.00026 

0.000020 

46 

0.07445 

0.07576 

0.07707 

0.07838 

0.07970 

0.08101 

0.00026 

0.000021 

48 

0.07413 

0.07544 

0.07674 

0.07805 

0.07936 

0.08066 

0.00026 

0.000021 

50 

0.07381 

0.07512 

0.07642 

0.07772 

0.07902 

0.08032 

0.00026 

0.000022 

52 

0.07350 

0.07479 

0.07609 

0.07739 

0.07868 

0.07998 

0.00026 

0.000023 

54 

0.07318 

0.07447 

0.07576 

0.07706 

0.07835 

0.07964 

0.00026 

0.000023 

56 

0.07287 

0.07415 

0.07544 

0.07673 

0.07801 

0.07930 

0.00026 

0.000024 

58 

0.07255 

0.07383 

0.07512 

0.07640 

0.07768 

0.07896 

0.00026 

0.000025 

60 

0.07224 

0.07352 

0.07479 

0.07607 

0.07734 

0.07862 

0.00026 

0.000026 

62 

0.07193 

0.07320 

0.07447 

0.07574 

• 0.07701 

0.07828 

0.00026 

0.000027 

64 

0.07161 

0.07288 

0.07414 

0.07541 

0.07668 

0.07794 

0.00026 

0.000028 

66 

0.07130 

0.07256 

0.07382 

0.07508 

0.07634 

0,07760 

0.00026 

0.000029 

68 

0.07098 

0.07224 

0.07350 

0.07475 

0.07601 

0.07727 

0.00026 

0.000030 

70 

0.07067 

0.07192 

0.07317 

0.07442 

0.07568 

0.07693 

0.00026 

0.000031 

72 

0.07035 

0.07160 

0.07285 

0.07410 

0.07534 

0.07659 

0.00025 

0.000032 

74 

0.07004 

0.07128 

0.07252 

0.07377 

0.07501 

0.07625 

0.00025 

0.000033 

76 

0.06972 

0.07096 

0.07220 

0.07343 

0.07467 

0.07591 

0.00025 

0.000034 

78 

0.06940 

0,07064 

0.07187 

0.07310 

0.07434 

0.07557 

0.00025 

0.000036 

80 

0.06909 

0.07032 

0.07155 

0.07277 

0.07400 

0.07523 

0.00025 

0.000037 

82 

0.06877 

0.07000 

0.07122 

0,07244 

0.07366 

0.07489 

0.00024 

0.000039 

84 

0.06845 

0.06967 

0.07089 

0.07211 

0.07333 

0.07454 

0.00024 

0.000040 

86 

0.06812 

0.06934 

0.07056 

0.07177 

0.07299 

0.07420 

0.00024 

0.000042 

88 

0.06780 

0.06901 

0.07022 

0.07143 

0.07264 

0.07385 

0.00024 

0.000043 

90 

0.06748 

0.06868 

0.06989 

0.07109 

0.07230 

0.07351 

0.00024 

0.000045 

92 

0.06715 

0.06835 

0.06955 

0.07075 

0.07195 

0.07316 

0.00024 

0.000047 

94 

0.06682 

0.06801 

0.06921 

0.07041 

0.07161 

0.07280 

0.00024 

0.000049 

96 

0.06648 

0.06768 

0.06887 

0.07006 

0.07126 

0.07245 

0.00024 

O.OOOOSl 

98 

0.06615 

0.06734 

0.06853 

0.06972 

0.07091 

0.07209 

0.00024 

0.000053 

100 

0.06581 

0.06700 

0.06818 

0.06937 

0.07055 

0.07174 

0.00024 

0.000055 


•Approximate average decrease in weight per 0.1 F rise in dry-bulb temperature equals 0.000017 lb 
per cubic foot. 
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32 Fj and the relative proportions of the three phases depend upon the 
location of the state point within the wedge. Below the wedge, the mix- 
ture consists of saturated vapor and saturated solid. 

The curved lines in the single vapor-phase region to the right of the 
saturation curve are lines of constant per cent saturation. Lines of con- 
stant dew-point are, of course, horizontal straight lines of constant 
humidity ratio. At point B, for example, the dry-bulb temperature is 
60 F , the thermodynamic wet-bulb is 50 F, the dew-point is 40.8 F, the 
degree of saturation is 48.6 per cent, the humidity ratio is 0.00536 lb per 
pound dry air, and the enthalpy is 14.85 + (1000 X 0.00536) = 20.21 
Btu per pound dry air. 

With the aid of the M oilier diagram, it is easy to throw the definition 
of thermodynamic wet-bulb, Equation 20, into a more familiar form. 
Consider the three points 1, 2, 3, Fig. 2. Point 3 is located with respect 
to points 1 and 2 so that == Wi and tz = fe. Points 1 and 2, being on 



Fig. 2. Diagram Illustrating Thermodynamic Wet-Bulb Temperature 


a line of constant thermodynamic wet-bulb, satisfy Equation 20; thus, 

+ iW 2 - Wi ) 4,2 = h-hs 

where hz has been subtracted from both sides. Under Dalton’s La^v^ 
h -- hz = (^2_— l^i) ^w,2; moreover, h — hz may be replaced by Si 
{k — fe) where $i is often referred to as mean humid heat and may be 
calculated with good approximation from 

= 0.240 -h 0.444 Wi (21) 


Finally, introducing latent heat of vaporization at the wet-bulb tempera- 
ture, namely, == {h^ “ Os, Equation 20 becomes, after omitting 


the subscript 2, 


h — __ hig 

Ws- Wi~ ^ 


( 22 ) 


it being understood that Ws is the saturation humidity ratio and feg, the 
latent heat, at the wet-bulb temperature tK Equation 22 was derived 
by Carrier [1]. 

Example 12, Work Example 10 using Equation 22. 

Solution, A trial-by-error method is involved. Taking 48 F as a trial value of 
(80 — 48) (0.007072 - 0) = 4520; but 1066.7 4- 0.240 ~ 4440. The trial value 

must, therefore, be revised upward, the final solution being 48.26 F as in Example 10. 
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TYPICAL AIR CONDITIONING PROCESSES 

Illustrative Examples. The use of Table 6 and the Mollier diagram in 
analyzing typical air conditioning processes is best explained by the use 
of illustrative examples. In each of these examples, the observed pressure 
is assumed to be standard atmospheric pressure (29.921 in. Hg). 

Example IS. Heating. Air at 20 F and 80 per cent saturation is to be heated to 120 F. 
Analyze the process as illustrated in Fig. 3. 

Solution. The initial humidity ratio is 0.80 X 0.002144 = 0.001715 lb per pound 
dry air (table). This same value is read directly on the chart. The initial enthalpy is 



Fig. 3. Diagram Illustrating Example 13 



4.798 + (0.80 X 2.290) = 6.630 Btu per pound dry air (table) or 4.915 + (1000 X 
0.001715) = 6.630 (chart). 

The final degree of saturation is 0.001715 0.08093 = 0.0212 (table) ; hence the final 

enthalpy is 28.80 -j- (0.0212 X 90.09) = 30.71 Btu per pound drv air (table) or 28.09 -h 
(1000 X 0.001715) - 30.71 (chart). 

The increase in enthalpy is the quantity of heat to be supplied, namely, 30.71 — (>.63 
= 24.08 Btu per pound dry air (table). Since humidity ratio W and therefore 1000 IF 
is constant, this is also simply the horizontal distance between the representative points 
on the chart; thus, the heat to be supplied is also 28.99 — 4.915 = 24.08 Btu per pound 
dry air (chart). 

The final volume is 14.60 + (0.0212 X 1.90) = 14.64 cu ft per pound (table) ; or direct 
from the volume chart. Therefore, if 20,000 cfm of heated air is to be supplied, the 
quantity of heat required is (20,000 H- 14.64) X 24.08 = 32,900 Btu per minute. 

Example 14. Cooling and Separating. Air at 95 F and 50 percent saturation is to be 
cooled to 70 F and the liquid separated out. Analyze the process as shown in Fig. 4. 
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Solution. The initial humidity ratio is 0.50 X 0.03652 = 0.01826 (table). The initial 
enthalpy is 22.80 -j- (0.50 X 40.25) = 42.93 Btu per pound dry air (table) or 24.67 4- 
(1000 X 0.01826) - 42.93 (chart). 

The final state is in the two-phase region and consists of 0.01574 lb water per pound 
dry air in the vapor phase, and 0.00252 lb water per pound dry air in the liquid phase. 
The final enthalpy is therefor 33.96 + (0.00252 X 38.0) = 34.06 Btu per pound dry air 
(table) or 15.80 + (1000 X 0.01826) = 34.06 (chart). 

The decrease of enthalpy is the refrigeration to be supplied and is 42.93 — 34.06 
= 8.87 Btu per pound dry air (table). Since the weight of water per pound of dry air is 
constant, this is also the horizontal distance between the representative points on the 
chart, namely, 24.67 ~ 15.80 = 8.87 Btu per pound dry air (chart). 

The initial volume is 13.97 -f (0.50 X 0.82) = 14.38 cu ft per pound (table); or direct 
from the volume chart. Therefore, if 20,000 cfm of initial air is to be processed, the 
refrigeration required is (20,000 X 8 87 ) -4- (14.38 X 200) = 61.7 tons. The weight of 
water to be removed is (20,000 X 0.00252) -r- 14.38 == 3.51 lb per minute. 

Example 15. Adiabatic Saturation with Recirculated Spray Water. Air at 75 F and 
60 per cent saturation is saturated adiabatically with spray water which is recirculated. 



Find the resulting temperature and the weight of water added per pound of dry air as 
outlined in Fig. 5. 

Solution. The recirculated water will assume the thermodynamic wet-bulb tempera- 
ture of the entering air which will also be the temperature of the resulting saturated 
mixture. The humidity ratio of the entering air is 0.60 X 0.01873 = 0.01124 lb water 
per pound dry air (table) ; its enthalpy is 17.99 + (0.60 X 20.47) = 30.27 Btu per pound 
dry air (table) or 19.03 + (1000 X 0.01124) = 30.27 Btu per pound dry air (chart). 
To determine the resulting temperature, the following equation must be solved. 

30.27 H- (TFs - 0.01124) = As 

A trial value is 65 F corresponding to As = 30.27. The final value is 65.50 F cor- 
responding to As = 30.27 + (0.01320 ~ 0.01124) X 33.05 = 30.34 Btu per pound dry 
air. The weight of water to be added is 0.01344 — 0.01124 — 0.00200 lb per pound 
dry air. 

The volume of the entering air is 13.47 + (0.60 X 0.40) = 13.71 cu ft per pound. 
If 20,000 cfm of entering air is to be saturated, the weight of water to be added per 
minute is (20,000 X 0.00200) 13.71 = 2.92 lb per minute. 

Adiabatic Mixing of Two Air Streams 

A typical process requiring special discussion is the adiabatic mixing 
of two air streams. Let stream 1 contain Mi pounds of dry air per minute 
and let its enthalpy be hi and its humidity ratio Wi. Using subscripts 2 
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and 3 in a similar manner to designate stream 2 and the resulting mixture 
respectively, write: 

il/i + = Mi (weight balance for the dry air) 

M\Wi -f MiW2 = MzWi (weight balance for the water) 

M\h\ -f- Mihi = Mihz (energy balance, no heat absorbed) 

Eliminating Mz, 

W2 ^ Wz _ Jh — hz _ Ml . . 

Wz - Wi hz - hi M2 ^ ^ 

according to which: on the Mollier Chart the representative point of the 
resulting mixture lies on the straight line connecting the representative points 
of the two streams being mixed, and divides the line into two segments which 
are in the same ratio as the weights of dry air in the two streams. It must 
not be forgotten that this analysis assumes adiabatic mixing. 

Example 16. Outside air at 0 F and 80 per cent saturation is to be mixed adiabatically 
with recirculated air at 70 F and 20 per cent saturation in the ratio, one pound of dry 



Fig. 6. Diagram Illustrating Example 16 

air in the former to seven in the latter. Find the temperature and degree of saturation 
of the resulting mixture as shown in Fig. 6. 

Solution. The humidity ratio and enthalpy of the resulting mixture satisfy 
0.003148 -Wz_ 20.23 - hz _ \ 

Wz - 0,000628 hz - 0.666 “ 7 

whence, 

Wz = 0.002833 lb water per pound dry air. 
hz = 17.78 Btu per pound dry air. 

The corresponding temperature and degree of saturation are 61.3 F and 24.5 per cent 
as is easily verified by use of Table 6. The numerical solution is somewhat tedious, but 
the graphical solution is easy. 

Adiabatic Mixing with Injected Water 

Another typical process is that of injecting water (solid, liquid or 
vapor) into an air stream to mix adiabatically with it. Let the subscripts 
1 and 2 refer to the initial and final conditions, respectively; then write 
1+0 =1 (weight balance for the dry air) 

IFi + (1^2 ~ Wi) = Wz (weight balance for the water) 

+ (TF 2 — Wi) hvf — hz (energy balance, no heat absorbed) 
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The first two are identities and are incorporated in the third, 
be rewritten as follows: 

h — hi _ ^ 

W2 - Wi """ 


This may 
(24) 


and shows that the process is represented by a straight line on the Mollier 
diagram, the slope of the line being determined by the specific enthalpy of the 
injected water. It must not be forgotten that the analysis assumes 
adiabatic mixing. Energy convected with a fluid is not heat. 

Example 17, It is desired to increase the humidity ratio of air at 70 F without changing 
its temperature. Under what conditions may water be injected in order to accomplish 
the desired result. 

Solution, ^ Under Dalton’s Law a line of constant (dry-bulb) temperature is straight 
on the Mollier diagram and its slope is determined by the specific enthalpy of water 
vapor at the given temperature. At 70 F, Aw = 1092.3 Btu per pound; hence injection 
of steam having this specific enthalpy will cause the representative point to move in a 
direction parallel to the 70 F isotherm. Saturated steam at 70 F may not be used because 
its pressure is only 0.7392 in. Hg and it cannot therefore be injected into air at atmos- 



Fig. 7. Diagram Illustrating Example 18 


pheric pressure. Saturated steam at 667.4 F, 2488 lb per square inch has the right specific 
enthalpy and can be throttled into a room at 70 F without altering the room temperature. 

Border Scale 

On the Mollier diagram is placed a border scale to facilitate the graphical 
solution of problems in which given quantities of energy and water are 
added (or withdrawn) simultaneously as in the case of adiabatic mixing 
with injected water. All marks in the upper half of this scale point to 
the lower left corner of the chart and each shows the direction that the 
representative point will move due to adiabatic mixing with injected 
water having the indicated specific enthalpy. All marks in the lower 
half of the scale point to the lower right corner of the chart. 

Example 18, If dry saturated steam at 20 lb per square inch absolute is injected into 
air initially at 60 F and 30 per cent saturation to raise the temperature to 70 F, what is 
the final degree of saturation and how much water is added per pound dry air? (See 
Fig. 7.) 

Solution. The initial humidity ratio is 0.30 X 0.01103 = 0.00331 lb water per pound 
dry air (or direct from chart). The initial enthalpy is 14.39 -}- (0.30 X 11.98) — 17.98 
Btu per pound dry air (table) or 14.67 + (1000 X' 0.00331) = 17.98 (chart). A pre- 
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iiminary calculation shows that the final mixture contains liquid. The final weight of 
water per pound of dry air is determined from 


33.96 + (W - 0.01574) X 38.0 - 17.98 
W - 0.00331 


= 1156.3 


where the specific enthalpy of the injected water is 1156.3 Btu per pound. The answer is 
W = 0.01718 lb water per pound dry air. 

Therefore, the weight of water added is 0.01718 — 0.00331 = 0.01387 lb per pound 
diy^ air as shown in Fig. 7. 


Cooling Load 

In the calculation of the cooling load for an air conditioned space, the 
problem usually reduces to determining the quantity of inside air that 
must be withdrawn and the condition to which it must be brought by 
cooling, separating and possibly reheating so that return of the conditioned 
air will have the net effect of removing given amounts of energy and water 
from the air conditioned space. 



Fig. 8. Diagram Illustrating Example 19 

Let m denote the weight of dry air withdrawn per hour. With it will 
be withdrawn energy of amount mhi Btu per hour and water of amount 
mWi pounds per hour, where h and Wi denote enthalpy and humidity 
ratio, respectively, of inside air. The weight of dry air returned per hour 
will be the same as that withdrawn but with it must be returned a smaller 
amount of energy, mh Btu per hour, and a smaller quantity of mW 
pounds per hour, where h and W denote enthalpy and humidity ratio 
of conditioned air. 

With this understanding, the requirements of the cooling load problem 
are, 

vih = m.h\ — AQ 
tnW= mW - AW 

where A (2 and ATF are the given amounts of energy and water, respec- 
tively, to be removed. Eliminating m from these two equations, 

h — hi _ AQ 
W - Wi ~ IaW 

which says that all possible states for the conditioned air lie on a straight 
line, on the Mollier Chart, which passes through the state point of the in- 
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side air with a slope determined by the ratio of the quantity of energy to 
be removed to the quantity of water to be removed. This straight line 
is called the condition line for the given problem. The border scale 
facilitates the graphical solution of this problem. 

In practice the point at which the condition line crosses the saturation 
curve may dictate an excessive number of air changes for the particular 
space to be conditioned. If so it might be necessary to cool to a lower 
temperature; but if the requirements of the problem are to be exactly met 
both as regards the removal of water and the removal of energy, the 
mixture returned to the conditioned space must contain a certain amount 
of liquid. In other words, its state point must lie on the condition line; 
otherwise excessive dehumidification will result. 

Example 19. In order to maintain a condition of 80 F dry-bulb, 67 F wet-bulb in a 
certain store, it is found necessary to remove 115,060 Btu of energy per hour and 15.97 lb 
of water per hour. Analyze the problem illustrated in Fig. 8. 

Solution. The state point of the inside air is easily located on the Mollier Chart. 
Through it draw a line having the slope 115,060 15.97 7205 Btu per pound water 

as determined from the border scale. This line crosses the saturation curve at 58.02 F. 
Hence a possible conditioning process is to cool some of the inside air to 58.02 F, separate 
the liquid thus formed, and return the resulting saturated mixture to the store. 

The thermodynamic properties entering the calculation are: 

Inside Air After Cooling After Separating 

t... 80.0 F 58.02 F.__ 58.02 F 

W. 0.01 1 15 0.01 1 15. 0.01027 

h 31.41 25.09 25.07 

The weight of dry air to be withdrawn is 115,060 -r- (31.41 — 25.07) = 18,130 lb 
per hour. 

Adiabatic Saturation 

Any case of adiabatic mixing in which the resulting mixture is saturated 
may properly be called adiabatic saturatio7i. For example, if enough 
water at 352 F be sprayed into dry air at 80 F to produce a saturated 
mixture, the resulting enthalpy will be hs = 19.19 + {Ws — 0) 324; and 
since hs and Ws are functions of the same temperature, this temperature 
is determined by the equation to be 53.0 F. Thus, adiabatic saturation 
of dry air at 80 F by injecting liquid water at 352 F results in a tempera- 
ture of 53.0 F when saturation is reached. 

But in practice, much more is usually read into the term adiabatic 
saturation, it being generally understood that saturation is to be pro- 
duced by injecting liquid water at such a temperature as will^ coincide 
with that at which the saturation curve is reached. With this under- 
standing it may be said that thermodynamic wet-bulb temperature is the 
result of adiabatic saturation. Thus, if liquid water at 48.26 F instead of 
352 F be injected into dry air at 80 F a saturated mixture at 48.26 F 
instead of 53.0 F will be produced. Therefore, 48.26 F is the thermo- 
dynamic wet-bulb temperature of dry air at 80 F. 

It is possible to produce adiabatic saturation, interpreting the term 
literally, by mixing two air streams neither of which is itself saturated. 
In order for this to be possible, the straight line connecting the repre- 
sentative points on the Mollier diagram must cut the saturation curve 
twice. 
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STEADY FLOW ENERGY EQUATION 

It was previously stated that, in steady flow, the energy convected 
by the fluid at any section is the sum of (a) kinetic energy due to velocity ; 
(b) gravitational energy due to elevation; (c) enthalpy due to the con- 
dition of pressure, temperature and composition of the fluid. A more 
detailed discussion of item (a) is in order. 

Kinetic Energy 

There are reasons to believe that the so-called velocity pressure hv 
read by a Pitot tube is simply the kinetic energy per unit volume of the 
fluid immediately upstream from the tube, as application of Bernoulli's 
Equation suggests. Thus (see Equation 3, Chapter 34). 

V = 1097.3 (25) 

where 

V = velocity, feet per minute. 

= velocity pressure, inches of water at 60 F. 

d = density of fluid, pounds per cubic foot. 

In the case of flow through a duct, the velocity pressure is found to vary 
considerably over the section and a traverse has to be made. The cross- 
sectional area of the duct is divided into a number of equal concentric 
areas, and measuring stations are located at centroidal points in each area 
along two perpendicular diam^ers. Usually the ultimate object is to 
determine an average velocity V from which the weight of fluid crossing 
the section per unit time can be obtained on multiplying by the cross- 
sectional area of the duct and by the density of the fluid. This is obtained 
by simply averaging the square roots of all measured velocity pressures 
as follows: 


where 

V = average velocity, feet per minute. 

av — arithmetic average of the square roots of all measured velocity pressures, 
inches of water at 60 F. 

But the item of present importance is the average kinetic energy con- 
vected with each pound of fluid. Consistently with the previous discus- 
sion, this can be shown to be 

KE = 0.006678 (27) 


KE = average kinetic energy, Btu per pound. 

V = specific volume, cubic feet per pound. 

av = arithmetic average of the 3/2-powers of all measured velocity pressures, 
inches of water at 60 F. 

If the velocity pressure were uniform over the section, Equations 26 
and 27 could be combined to give 


34 



CHAPTER 1. THERMODYNAMICS OF AIR AND WATER MIXTURES 


- (imo)’ ™ 

But, it is interesting to note that if the velocity varies parabolically from 
zero at the walls to maximum at the center as it does in the case of purely 
viscous flow in a circular duct, then the average kinetic energy is twice that 
given by Equation 28. 

Example W, If 2000 cfm of air flows through an 8 in. diameter circular duct, find 
the average kinetic energy per pound of air. 

Solution. The cross-sectional area of the duct is 0.349 sq ft; hence the average flow 
velocity is 5730 fpm. If the velocity were uniform over the section, the average kinetic 
energy would be (5730 ^ 13,430)2 = 0.182 Btu per pound. But it is more likely that 
the actual distribution of velocity would approximate that characteristic of viscous 
flow; hence the average kinetic energy would be more nearly 2 X 0.182 *= 0.364 Btu 
per pound. 

Gravitational Energy 


The potential energy due to elevation Z (feet) above any convenient 
datum is simply Z -4- 778.3 Btu per pound of fluid. In the case of moist air. 


pp = Z {I ^W) 

778.3 

where 

PE == average potential energy, Btu per pound dry air. 
Z — average elevation, feet. 

W = humidity ratio, pound water per pound dry air. 


(29) 


Enthalpy 

No further discussion of enthalpy is required. It may be well to 
emphasize, however, that enthalpies have been figured on the basis of 
one pound of dry air. 


Heat and Shaft Work 

Between any two sections 1 and 2 in an apparatus through which 
steady flow occurs, there may be heat absorbed from outside, iq^, Btu per 
pound of dry air, and shaft work removed to outside, 1 Z 2 , Btu per pound 
of dry air. If heat is actually rejected to outside, 1^2 is intrinsically 
negative; and if shaft work is actually put in from outside 1 Z 2 , is intrinsi- 
cally negative. ' 


Steady-flow Energy Equation 

A complete energy accounting takes the form of Equation 30 which 
is usually referred to as the steady-flow energy equation. 

1^2 = + ^2 + - (^i + + ^ 1 ) 4- 1^2 (30) 

where 

i $2 = heat added from outside between sections 1 and 2, Btu per pound dry air. 
hi — enthalpy of the mixture at section 2, Btu per pound dry air. 

KEi = average kinetic energy at section 2, Btu per pound dry air. 

PEi = average potential energy at section 2, Btu per pound dry air. 
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h\ — enthalpy at section 1, Btu per pound dry air. 

KEi = average kinetic energy at section 1, Btu per pound dry air. 

PEi = average potential energy at section 1, Btu per pound dry air. 

\h — shaft work withdrawn between sections 1 and 2, Btu per pound dry air. 

In Equation 30 all quantities are per pound of dry air. If Equation 27 
is used in computing average kinetic energy, the result will be in Btu 
per pound of dry air if v is taken as volume per pound of dry air. If 
Equation 28 is used, multiplication by (1 + as in Equation 29 is 
required though this is a refinement seldom justified. 

Properties of saturated steam are given in Table 8 and for additional 
definitions refer to Chapter 46. 
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Chapter 2 


PHYSIOLOGICAL PRINCIPLES 


Chemical Vitiation of Air ^ Physical Impurities in Air, Thermal 
Exchanges Between the Body and Its Environment^ Adapta- 
tion to Hot Conditions, Adaptation to Cold Conditions, 

Relation of Air Conditioning Needs to Metabolism, Acclimati- 
sation, Effective Temperature Index, Physiological Objectives 
of Heating and Ventilation, Relation of Air and Wall Tem- 
peratures, Influence of Humidity, Influence of Air Movement, 

The Four Vital Factors 

V ENTILATION is defined in part as the process of supplying or 
removing air by natural or mechanical means to or from any space. 
(See Chapter 47). The word in itself implies quantity but not necessarily 
quality. ^ From the standpoint of comfort and health, however, the 
problem is now considered to be one of securing air of the proper quality 
rather than of supplying only a given quantity. 

The term air conditioning in its broadest sense implies control of any or 
all of the physical or chemical qualities of the air. When applied to 
comfort air conditioning, however, the A.S.H.V.E. Code of Minimum 
Requirements of Comfort Air Conditioning defines it '‘as the process by 
which simultaneously the temperature, moisture content, movement and 
quality of the air in enclosed spaces intended for human occupancy may 
be maintained within required limits. If an installation cannot perform 
all of these functions, it shall be designated by a name that describes only 
the function or functions performed.” 

CHEMICAL VITIATION OF AIR 

Under the artificial conditions of indoor life, the air undergoes certain 
physical and chemical changes which are brought about by the occupants 
themselves. The oxygen content is somewhat reduced, and the carbon 
dioxide slightly increased by the respiratory processes. Organic matter, 
which is usually perceived as odors, comes from the nose, mouth, skin 
and clothing. The temperature of the air is increased by the metabolic 
processes, and the humidity raised by the moisture emitted from the skin 
and lungs. 

Contrary to old theories, the usual changes in oxygen and carbon 
dioxide are of no physiological concern because they are too small to 
produce appreciable effects even under the worst conditions of normal 
human occupancy. Only in such unusually air-tight enclosures as sub- 
marines need the increase in carbon dioxide and the reduction in oxygen 
be considered. The amount of carbon dioxide in air is often used as an 
index of odors of human origin, but the information it affords rarely 
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justifies the labor involved in making the observation Little is known 
of the identity and physiological effects of the organic matter given off 
in the process of respiration. The former belief that the discomfort 
experienced in confined spaces was due to some toxic volatile matter in 
the expired air is now limited, in the light of numerous researches, to the 
much less dogmatic view that the presence of such a substance has not 
been demonstrated. The only certain fact is that expired air may be 
odorous and offensive, and it is capable of producing loss of appetite and 
a disinclination for physical activity. These reasons, whether esthetic or 
physiological, call for the introduction of a certain minimum amount of 
clean outdoor air to dilute odors from any source, including cooking and 
other processes to a concentration which is not objectionable. 

In certain industrial processes toxic fumes and gases may be produced, 
whose removal by local exhaust ventilation is essential for the protection 
of human health. In the ordinary occupied spaces harmful chemical 
impurities may be contributed from certain types of cooking and heating 
appliances including carbon monoxide from imperfect combustion which 
may be a serious hazard to life and health. 

^ The control of offensive or hazardous concentrations of chemical vitia- 
tion in the air is frequently brought about by the ventilating engineer 
through dilution. This method has found application when the source 
of contamination is the human occupant and not something of a par- 
ticularly hazardous character. 

In the case of vitiation by a few hazardous gases such as carbon monox- 
ide from heating and cooking and certain industrial processes, no satis- 
factory chemical treatment for the elimination of the impurity has been 
found. ^ The only really satisfactory solution is elimination at the source; 
or if this is impossible reduction to a safe concentration by dilution. In 
the case of contamination by other forms of material, including volatile 
vapors and gases, chemical treatment for the removal or chemical reduc- 
tion of the impurities have been made available through air cleaning 
methods, which will be discussed in Chapter 29 on Air Cleaning Devices. 
The A.S.H.V.E. Research Technical Advisory Committee on Air Pollu- 
tion and Air Purification has outlined® means for the reduction of atmos- 
pheric impurities. 

When the only source of contamination is the human occupant, the 
minimum quantity of outdoor air needed, appears to be that necessary 
to remove objectionable body odors, or tobacco smoke. The concen- 
tration of body odor in a room, in turn, depends upon a number of factors, 
including the dietary and hygienic habits of the occupants (frequently 
reflecting their socio-economic status), the outdoor air supply, air space 
allowed per person, odor adsorbing capacity of air conditioning processes, 
and temperature and relative humidity. Perception of odor, like the 
perception of most of our other senses, is proportional to the logarithmic 
function of the intensity of the stimulus; or in the case of odors, the 


lA.S.H.V.E. Research Report No. 959— Indices of Air Changes and Air Distribution, by F. C. Hough- 
ten and J. L. Blackshaw (A.S.H.V.E. Transactions, Vol. 39, 1933, p. 261). 

J«A.S.Hy.E.^ Research Report No. 1031— Ventdation Requirements, by C. P. Yaglou, E. C. Riley 
and D. J. Coggins (A.S.H.V.E. Transactions, VoI. 42, 1936, p 133). 

'Report of the A.S.H.V.E. Technical Advisory Committee on Air Pollution and Air Purification (Pro- 
grams of the Research Technical Advisory Committee, June, 1941), 
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perception has been found to vary as the logarithnaic function of the odor 
intensity, or inversely with the logarithmic function of the available air 
determined by the outdoor air supply and the air space per person. 

The relation between air supply and occupancy has been reported by 
the Harvard School of Public Health^ and the A.S.H.V.E. Research 
Laboratory®. The findings from the Harvard study are given in Table 1. 
Outdoor air requirements for removal of objectionable tobacco smoke 
odors are not accurately known but sources of information available and 
practice indicates the need of 15 cfm per person or more. 

The total quantity of outside air to be circulated through an enclosure 
is governed by both chemical and physical considerations. The physical 
requirements for controlling temperature, air distribution and air 
velocity usually predominate. Other factors which must be taken into 
consideration include the type and usage of the building, locality, climate, 
height of rooms, floor area, window area, extent of occupancy, and the 
operation of the system distributing the air supply. Frequently, some of 
these factors, particularly the need for air movement and good distribu- 
tion, may be satisfied by recirculation of inside air rather than by outside 
air. 

It will be noted that, with adequate air space, the rate of air change 
indicated in Table 1 is from 10 to 30 cfm per person. In rooms occupied 
by only a few persons such a rate of air change will be automatically 
attained in cold weather by normal leakage around doors and windows 
while it can easily be secured in warm weather by the opening of windows. 
With a space allotment of 400 cu ft per person, only IJ/^ air changes per 
hour are necessary to provide an air change of 10 cfm per person. This 
space allotment is essential for other reasons. 

Therefore, in the ordinary dwelling with adequate cubic space allot- 
ment, no special provision for controlling chemical purity of the air is 
necessary (aside from removal of fumes from heating appliances). For 
such conditions, the control of air temperature is the major factor to be 
considered. 

In more crowded rooms (large offices, large workrooms, auditoriums), 
the whole picture changes. Cubic space per person is less and the size of 
the room makes it impossible to admit untempered outside air without 
drafts. Here, mechanical ventilation is essential, but as will be noted in 
a later paragraph, it is even more essential for thermal than for chemical 
reasons. It is control of the thermal properties of the air in order to 
effect the removal of the heat produced by human bodies, rather than 
dilution of chemical poisons, which must govern practice. 

The Code of Minimum Requirements for Comfort Air Conditioning® 
prescribes definite minimum requirements which should be familiar to the 
designing engineer. It should be emphasized, however, that the pro- 
visions of the code aim to provide minimum, rather than adequate, 
requirements. 

Notwithstanding the rapid advance in the field of air conditioning 


*Loc. Cit. Note 2. 

*Lx)c. Cit. Note 1. 

*Code of Minimum Requirements for Comfort Air Conditioning (A.S.H.V.E. Transactions Vol. 44* 
1938, p. 27). Reprints of this code are available at $.10 a copy. 
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during the past few years, there still remain those who believe in a 
superior, stimulating quality of outdoor air (particularly country, moun- 
tain and seashore air) under ideal weather conditions, as compared with 
properly conditioned air. While this point of view is usually held by 
persons not intimately acquainted with the complicated factors involved 
they nevertheless carry some weight. It is apparent, however, to anyone 
acquainted with the factors involved and the conditions effecting comfort 
that in modern air conditioning, like in most other branches of engineering, 
modern science makes it possible to control the phenomena of nature for 


Table 1. Minimum Outdoor Air Requirements to Remove Objectionable 

Body Odors 

(Promsional values subject to revision upon completion of work) 


Type op Occupants 


Am Space per Outdoor Air Supplt 


Person Cu Ft 


CPM PER Person 


Heating season with or without recirculation. Air not co7iditio7ied. 


Sedentary adults of average socio-economic status.. 
Sedentary adults of average socio-economic status., 
^dentary adults of average socio-economic status.. 
Sedentary adults of average socio-economic status.. 


Laborers 


Grade school children of average class.. 
Grade school children of average class.. 
Grade school children of average class.. 
Grade school children of average class.. 


Grade school children of poor class 


Grade school children of better class.., 


Grade school children of best class 


Heating season. Air humidified by means of centrifugal humidifier. Water 
atomization rate 8 to 10 gph. Total air circulation SO cfm per person. 


Sedentary Adults.. 


Summer season. Air cooled and dehumidified by means of a spray dehumidifier. 
Spray water changed daily. Total air circulation SO cfm per person. 


Sedentary Adults 200 <4 


the service and comfort of man beyond any possibilities found in nature 
itself. When the requirements for optimum comfort as determined by 
the atmospheric environment are known (and our comprehensive studies 
to date lead us to believe that they are known at least to a high degree) , 
the air conditioning engineer can supply these requirements indoors to 
the same perfection as may accidentally be found at times outdoors and 
keep them under control. The freedom of movement, action and thought, 
together with the variability of stimulae experienced by persons under 
ideal conditions in the country, mountains or seashore, and the psycholo- 
gical effect of these wide open spaces undoubtedly have some stimulating 
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effect, which when compared with the monotony of confinement indoors 
even in the most favorable atmospheric environment accounts for the 
contrast. Ultra-violet light and ionization have been suggested but the 
evidence so far is inconclusive or negative^. 

Ozone has been used with success for the destruction of micro-organisms 
(molds) in meat packing establishments and the like; and where con- 
siderable amounts of organic effluvia are present it may be useful as a 
deodorant. For ordinary ventilation practice, however, neither of these 
purposes can be usefully attained, since the concentration of ozone 
necessary for effectiveness would be likely to transcend the limit of com- 
fort in ordinary occupied rooms. While ozone has been used in the 
treatment of certain diseases, there is no evidence that it has a tendency 
to increase comfort or to benefit health under conditions of normal human 
occupancy. The allowable concentrations in the breathing zone are very 
small, between 0.01 to 0.05 ppm parts of air. These are much too small 
to influence bacteria. Higher concentrations are associated with* a 
pungent unpleasant odor and considerable discomfort to the occupants. 
One part per million causes respiratory discomfort, headaches, depression, 
a lowering of the metabolic rate and may even lead to coma®. 

PHYSICAL IMPURITIES IN AIR 

Dust particles of various types, when present in considerable con- 
centrations, produce an irritant effect upon the mucous membranes of 
nose and throat and may be associated with high prevalence of acute 
respiratory diseases such as bronchitis and pneumonia. ^ Dust which 
contains free silica has special harmful effects, causing a primary disease 
of the lungs (silicosis) and predisposing the victim in a high degree to 
tuberculosis. These, however, are special problems of industrial hygiene 
which will not be discussed in detail in this chapter. 

A certain part of the dissemination of disease in confined spaces is 
caused by the emission of pathogenic organisms from infected persons. 
Droplets sprayed into the air in talking, coughing, sneezing, etc., do not 
all fall immediately to the ground within a few feet from the source, as was 
formerly believed. The large droplets do, of course, but minute droplets 
less than 0.1 mm in diameter evaporate to dryness before they fall the 
height of a man. Nuclear residues from such sources, which may contain 
infective organisms drift long distances with the air currents and the 
virus may remain alive long enough to be transmitted to other persons 
in the same room or building. Droplet nuclei have been recovered from 
cultures of resistant micro-organisms a week after innoculation into a 
tight chamber of 3000 cu ft capacity, although the majority of disease 

^A.S.H.V.E. Research Report No. 921 — Changes in Ionic Content in Occupied Rooms, Ventilated by 
Natural and Mechanical Methods, by C. P. Yaglou, L. C. Benjamm and S. P. Choate (A.S.H.V.E. Trans- 
actions, Vol. 38, 1932, p. 191). A.S.H.V.E. Research Report No. 965 — Physiologic Changes During Ex- 
posure to Ionized Air, by C. P. Yaglou, A. D. Brandt and L. C. Benjamin (A.S.H.V.E. Transactions, Vol. 
39, 1933, p. 357). A.S.H.V.E. Research Report No. 985 — Diurnal and Seasonal Variations in the Small Ion 
Content of Outdoor and Indoor Air, by C. P. Yaglou and L. C. Benjamin (A.S.H.V.E. Tra^actions, 
Vol. 40, 1934, p. 271). The Nature of Ions in Air and Their Possible Physiological Effects, by L. B. Loeb 
(A.S.H.V.E. Transactions, Vol. 41, 1935, p. 101). The Influence of Ionized Air upon Normal Subjects, by 
L. P. Herrington {Journal Clinical Investigation, 14, January, 1935). The Effect of High Concentrations 
of Light Negative Atmospheric Ions on the Growth and Activity of the Albino Rat, by L. P. Hemn^on 
and Karl L. Smith {Journal Ind, Hygiene, 17, November, 1935). Subjective Reactions of Human Bem^ 
to Certain Outdoor Atmospheric Conditions, by C.-E. A. Winslow and L. P. Herrmgton (A.S.H.V.E. 
Transactions, Vol. 42, 1936, p. 119). 

^The British Medical Journal, Editorial, June 25, 1032, p. 1182. See also Loc. Cit. Note 4. 
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germs died out within a few hours®. Practical epidemiological evidence 
indicates that the danger of such atmospheric transmission is slight with 
the bacterial diseases but may be appreciable with the diseases caused by 
the much smaller viruses. Avoidance of overcrowding is a major factor 
in avoiding such dangers. The microbic concentration in the atmosphere 
may be reduced by air change, but since the rate of contamination may 
be great at local points over short periods of time the hazardous concentra- 
tion may not be eliminated quickly enough and may even be spread over 
larger areas by local drafts. The possibility of sterilizing the air supply 
at the source, or destroying the micro-organisms at their point of admis- 
sion to the air by ultra-violet light is being studied and offers considerable 
promise^®. 

While in some instances it may be possible to reduce the physical 
impurities of the air by dilution from a non-contaminated source, such 
non-con taminated sources are rarely available. Frequently the outside 
air contains a higher concentration of physical impurities than that within 
an enclosure. Therefore, it is usually desirable to reduce the concentra- 
tion of physical impurities by air cleaning methods, as discussed in 
Chapter 29. 


THERMAL INTERCHANGES BETWEEN THE BODY 
AND ITS ENVIRONMENT 


The importance of the thermal factors arises from the profound 
influence which they exert upon body temperature, comfort and health. 
Body temperature depends upon the balance between heat production 
and heat loss. The heat resulting from the combustion of food within 
the body (metabolism) maintains the body temperature well above that 
of the surrounding air. At the same time, heat is constantly lost from 
the body by radiation, convection and evaporation. Since, under ordinary 
conditions, the body temperature is maintained at its normal level of 
about 98.6 F, the heat production must be balanced by the heat loss. 

In conditioning air for comfort and health it is necessary to know the 
rate of sensible and latent heat liberation from the human body, which in 
conjunction with other heat loads (see Chapters 4, 6 and 7) determine the 
capacity required for proper conditioning. The data in common use are 
those of the A.S.H.V.E. Research Laboratory^h 
The fundamental thermodynamic processes concerned in heat inter- 
changes between the body and its environment may be described by 
the equation : 

( 1 ) 


®Air- Borne Infection and Sanitary Air Control, by W. F. Wells (Journal Industrial Hygiene, November, 
1935) . 

Insanitary Ventilation in Wards, by W. F. Wells (Heating and Ventilating, April, 1930, p. 20). Measure- 
ment of Sanitary Ventilation, by W. F. Wells (American Journal of Public Health, Vol. 28, 1938, p. 343). 

“A.S.H.V.E. Research Report No. 830 — Heat and Moisture Losses from the Human Body and Their 
Relation to Air Conditioning Problems, by F. C. Houghten, W. W. Teague, W. E. Miller and W. P. Yant 
(A.S.H.V.E. Transactions, Vol. 35, 1929, p. 245). Thermal Exchanges Between the Human Body and 
Its Atmospheric Environment, by F. C. Houghten, W. W, Teague, W. E. Miller and W. P. Yant (American 
Journal of Physiology, Vol. 88, 1929, p. 380). A.S.H.V.E. Research Report No. 908 — Heat and Moisture 
Losses from Men at Work and Application to Air Conditioning Problems, by F. C. Houghten, W, W. 
Teague, W. E. Miller and W. P. Yant (A.S.H.V.E. Transactions, Vol, 37, 1931, p. 511). Thermal Ex- 
changes Between the Bodies of Men Working and the Atmospheric Environment, by F. C. Houghten, 
W. W. Teague. W. E. Miller and W. P. Yant (American Journal of Hygiene, Vol. XIII, 1931, No. 2, p. 415). 
A.S.H.V.E. Research Report No. 1106— Air Conditioning in Industry, by W. L. Fleisher, A. E. Stacey, 
Jr., F. C. Houghten and M. B. Ferderber (A.S.H.V.E. Transactions, Vol. 45, 1939, p. 59>. 
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where 

M = rate of metabolism. 

5 = rate of storage. 

E = rate of evaporative heat loss. 

R — rate of radiative heat loss or gain. 

C = rate of convective heat loss or gain. 

Factor M, the rate of metabolism, is always positive. The storage, 5, 
may be either positive or negative, depending upon whether heat is being 
stored or given off, accompanied by a rise or fall in body temperature. 
Under ordinary circumstances (when the dew-point of the air is below the 
body surface temperature) the evaporation loss, E, is always positive; 
that is, heat from metabolism supplies this loss. R and C are positive 
when the surface temperature of the body is above that of the walls and 
air, and negative when it is cooler. 

The human body possesses remarkable powers of adaptation to a 
narrow range of atmospheric conditions around an ideal optimum where 
storage is zero, and metabolism and skin and tissue temperature are at 
optimum values. As skin temperature and body-tissue temperature rise 
or fall above or below an optimum, complex adaptive mechanisms come 
into play, chiefly associated with redistribution of blood supply between 
the skin and deeper tissues (in a cold environment) and with sweat 
secretion (in a hot environment). Under cold conditions, the need for 
more heat and shivering or other muscular movements increase meta- 
bolism, which is, again, a reaction favorable to temperature regulation; 
but under very hot conditions metabolism also rises ^'^nd this reaction is 
obviously harmful and indicates a balance of purely chemical over 
phsysiological controF^ resulting from increased chemical reactions with 
rise in temperature. In other words, it represents a breakdown or failure 
of the entire regulative processes. These reactions are governed by 
nervous or chemical stimuli from both skin and internal tissues. Nerves 
from the skin, for example, carry the sense impressions to the brain and 
the response comes back over another set of nerves, the motor nerves, 
to the musculature and to all the active tissues in the body, including the 
endocrine glands. In this way, a two-sided mechanism controls the body 
temperature by (1) regulation of internal heat production (chemical 
regulation), and (2) regulation of heat loss by means of automatic varia- 
tion in the rate of cutaneous circulation and the operation of the sweat 
glands (physical regulation). The reactions involved in cold and in hot 
environments are on the whole radically different in nature. The mech- 
anisms of adjustment involved are extremely complex and while they 
are receiving considerable study a complete understanding of their 
operation is still lacking. 

In a certain middle range, normal and easy physiological regulation 
occurs by slight changes in the distribution of blood carrying heat between 
the skin and the inner organs, resulting in slight changes in the body 
surface temperature, and hence, in the rate of heat dissipation to the 
atmosphere. This easy balance gives a sensation of comfort. Above this 


i3Loc. Cit. Note 11. 
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range, the blood capillaries near the surface become dilated, allowing more 
blood and heat to flow into the skin, and thus increase its temperature and 
consequently its heat loss. If this method of cooling is not in itself 
sufficient, the stimulus is extended to the sweat glands which allow water 
to pass through the surface of the skin. This method of cooling is the most 
effective of all, as long as the vapor pressure and dew-point temperature 
of the air are sufficiently low to allow for evaporation. In high humidities, 
where the difference between the dew-point temperature of the air and 
body temperature is not sufficient to allow rapid evaporation, increase in 
heat loss may be had by increasing air movement. The body, under hot 
conditions, is in the zone of evaporative regulation, and for moderately 
extreme conditions perfect balance between heat production and heat loss 
may be attained, although at the cost of considerable discomfort. 

In a cold environment, where environmental conditions are such as to 
remove heat too rapidly, the organism adapts in some degree by con- 
stricting the blood vessels leading to the surface, thereby reducing the 
blood flow and heat available for dissipation to the environmental sur- 
roundings. This adaptation is, however, partial and incomplete, and in 
an environment too cold for the clothing worn the temperature of the 
body tissues may fall, with accompanying discomfort and ultimate danger 
of serious chill. The process may go on for hours. The individual may 
move about and increase metabolism through muscular activity and thus 
balance the excessive heat demand of the environment, or he may reduce 
the loss by greater insulation of his body in the form of clothing. 

Some of these phenomena which are important are shown graphically 
in Fig. 1. The dotted curves, from a study at the John B, Pierce Labora- 
tory^ of Hygiene^^, nre for subjects lightly clothed in a semi-reclining 
position and give the relation between the dry-bulb temperature of the 
environment (with about 45 per cent relative humidity) and the metabolic 
rate, the rate of heat dissipation by radiation and convection combined, 
and the latent heat loss due to evaporation of, perspiration and moisture 
from the respiratory tract. The smooth line curves, from the work of the 
A.S.H.V.E. Research Laboratory^^, give the same relationships for 
healthy, male subjects (18 to 24 years of age), seated at rest and normally 
clothed for winter-heated and air conditioned occupancy. The data for 
the semi-reclining subject also include the rate of heat storage (either 
positive or negative) due to a rise or fall in body temperature. For the 
normally clothed subjects a curve gives the total heat loss (that is, the 
sum of the radiation, convection and evaporative losses). Here, storage 
is given by the difference between the metabolism and total heat loss. 

The small difference between the metabolic or heat production rates for 
the two types of subjects may be accounted for by the difference in activity. 
Heat exchange between the body and the environment by radiation and 
convection is greater for the lightly clothed subject, both for cool con- 
ditions where there is considerable heat loss, and for very warm conditions 
where there is a sensible transfer from the atmosphere to the body. The 
two curves for evaporative loss serve to show how physiological control 


i*A.S.H.V.E. Research Report No. 1107 — Recent Advances in Physiological Knowledge and Their 
Bearing on Ventilation Practice, by C.-E. A. Winslow, T. Bedford, E. F. DuBois, R. W. Keeton, A. Alissen- 
ard, R. R. Sayers and C. Tasker. (A.S.H.V.E. Transactions, Vol. 45, 1939, p. 111). 
i<Loc. Cit. Note 11. 
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uses evaporation of perspiration to maintain equilibrium, particularly at 
high temperatures. Below about 75 F for the normally clothed subject, 
and below about 85 F for the lightly clothed subject, evaporation loss is 
minimal and probably due to uncontrolled evaporation from the relatively 
dry skin and from the respiratory tract. Above these temperatures con- 
trol is had by availability of perspiration for evaporation. The difference 
in the curves above 75 F is probably largely determined by the difference 
in clothing and activity. Above temperatures from 95 to 100 F (probably 
that of the average outside surface of the clothed body) radiation and 
convection combined changes from positive to negative, and slightly 
above this temperature even the greatly increased latent heat loss ceases 
to suffice to take care of the rate of heat production and the negative 


Pierce radiation and convection H 


A S H V E metabolism^ 


A. S H V E evaporation 



DRY-BULB TEMPERATURE, DEG FAHR (AT 45 PER CENT RELATIVE HUMIDITY) 

Fig. 1. Relation Between Metabolism, Storage, Evaporation, Radiation Plus 
Convection, and Operative Temperature for the Clothed Subject 


radiation and convection loss, and storage or a rise in body temperature 
is the consequence. Above this range, even though there is inability to 
dissipate heat rapidly enough, metabolism actually increases, which may 
be accounted for by the predominance of the purely chemical laws of 
increased chemical reaction with rise in temperature, over physiological 
control, and indicates the point where a breakdown in thermal equilibrium 
begins. For higher temperatures life can only survive to the point where 
these accelerated processes will result in a rise in body temperature to the 
limiting level of from 106 to 108 F. 

Air movement is an important factor in increasing heat loss by either 
convection or evaporation. The result is accomplished through removal 
of hot humid air from near the body surface and replacing it with cooler 
and relatively drier air. This is an important factor in maintaining 
thermal equilibrium either for persons at rest or at work in hot, humid 
conditions. For conditions in the comfort zone and below, excessive 
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velocities (particularly localized drafts) should be avoided since dif- 
ferential cooling of one area of the body may produce surprisingly un- 
pleasant reactions in quite different parts of the body. In a recent 
experiments^ it was shown that the application of an ice pack to an area 
of 60 sq cm on the back of the neck for 15 min caused a drop of 17 F in 
the skin temperature of the fingers and that this low temperature of the 
fingers persisted for one hour after the ice pack was removed. 


ADAPTATION TO HOT CONDITIONS 

It will be observed from Fig. 1 that a zone ranging from about 70 to 
80 F, at 45 per cent relative humidity (or from 66 to 74 deg ET) the body 
is adequately able to maintain equilibrium through control of radiation 
and convection losses combined, and evaporative loss. This corresponds 
to the zone over which the largest percentage of persons find optimum 
comfort. For higher temperatures, up to an upper limit in the neighbor- 

Table 2. Physiological Responses to Heat of Men at Rest and at Work^ 


Effbctivb 

Tbmp 

Actual 

Chuee 

Temp 

(Deg 

Fa hr) 

Men at Rest 

Men at Work 

90,000 PT-LB OP Work per Hour 

Rise m 
Rectal 
Temp 
(Deg 
Fahr per 
Hr) 

Increase 
m Pulse 
Rate 

(Beats per 
Mm per 
Hr) 

Approximate 
I^s m Body 
Weight by 
Perspiration 
(Lb per Hr) 

Total Work 
Accomplished 
(FtrLb) 

Rise in 
Body Temp 
(Deg Fahr 
per Hr) 

Increase m 
Pulse Rate 
(Beats per 
Min per Hr) 

Approximate 
Loss in Body 
Wt by Per- 
spiration 
(Lb per Hr) 

60 





225,000 

0.0 

6 

0.5 

70 


0.6 

0 

6.2 

225,000 

0.1 

7 

0.6 

80 

96.1 

0.0 

0 

0.3 

209,000 

0.3 

11 

0.8 

85 

96.6 

0.1 

1 

0.4 

190,000 

0.6 

17 

1.1 

90 

97.0 

0.3 


0.5 

153,000 

1.2 

31 

1.5 

95 

97.6 

0.9 

15 

0,9 

102,000 

2.3 

61 

2.0 

100 

99.6 

2,2 

40 

1,7 

67,000 

4.0 

103b 

2.7 

105 

104.7 

4.0 

83 

2.7 

49,000 

6.0b 

158b 

3.5b 

110 

— 

5.9b 

137b. 

4.0b 

37.000 

8.5b 

237b 

4.4b 


aData by A.S.H.V.E. Research Laboratory. 

bComputed value from exposures lasting less than one hour. 


hood of 100 F, at 45 per cent relative humidity (or approximately 87 deg 
ET) control is had through availability of perspiration on the body surface 
for evaporation. While a fair degree of temperature equilibrium is main- 
tained over this range it is nevertheless had with considerable discomfort. 

Studies at the John B. Pierce Laboratory of Hygiene^^ have indicated 
the relation between discomfort and the degree of wetting of the body 
surface by perspiration for lightly clothed subjects in a semi-reclining 
position, and the investigators there have designated this as the zone of 
evaporative regulation. Work of the A.S.H.V.E. Research Laboratory^^ 


iSThe Relative Influence of Radiation and Convection Upon the Temperature Regulation of the Clothed 
Body, by C.-E. A. Winslow, L. P. Herrington and A. P. Gagge {American Journal of Physiology, Vol. 124, 
October, 1938, p. 51). 

^®Relations Between Atmospheric Conditions, Physiological Reactions, and Sensations of Pleasantness, 
by C.-E. A. Winslow, L. P. Herrington and A. P. Gagge (Amertcan Journal of Hygiene, Vol. 20, July, 1937, 
p. 102). The Reactions of the Clothed Human Body to Variations in Atmospheric Humidity, by C.-E. A. 
Winslow, L. P. Herrington and A. P. Gagge {American Journal of Physiology, Vol. 124, Decembei, 1938, 
p. 692). 

I’Loc. Cit. Note 11. 
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over the past two decades has made available data on the relation between 
sensible perspiration and the atmospheric environment for normal persons 
at rest and at work. 

For colder conditions below 70 F, with 45 per cent relative humidity 
(or about 66 deg ET) thermal equilibrium is maintained, first, by the 
amount of clothing worn; second, and to a smaller extent, by limiting 
availability of heat at the surface by decreasing peripheral blood circu- 
lation, which results in a drop in skin temperature; and third, by an 
increase in the metabolic rate. Here again, while thermal equilibrium is 
fairly well maintained, any drop in the skin temperature is accompanied 
by a certain degree of discomfort. 

Studies at the A.S.H.V.E. Research Laboratory^® and elsewhere^® during 
the past two decades have made available a mass of information dealing 
with the physiological effects of hot atmospheres on workers and means 
to alleviate the distress and hazards associated therewith. This interest 
has been termed air conditioning in industry, or the effects of hot atmospheres 
in industrial hygiene, and is a growing factor in air conditioning applica- 
tions. Table 2 gives some of the physiological responses of men at rest 
and at work, to hot environments. Recent physiological studies^® indicate 
that frequent and continued exposure of workers to hot environments 
results in not only violent but subtle physiological derangement, affecting 
the leucocyte count of the blood and other factors dealing with man's 
mechanism of defense against infection. 

Another of the deleterious effects of high temperatures is that the blood 
is diverted from the internal organs to the surface capillaries, in order to 
serve in the process of cooling. This affects the stomach, heart, lungs and 
other vital organs, and it is suggested that the feeling of lassitude and 
discomfort experienced is due in part to the anaemic condition of the 
brain. The stomach loses some of its power to act upon the food, owing to 
a diminished secretion of gastric juice, and there is a corresponding loss 
in the antiseptic and antifermentive action which favors the growth of 
bacteria in the intestinal tract^^. These are considered to be the potent 


18A.S.H.V.E. Research Report No. 654 — Some Physiological Reactions to High Temperatures and 
Humidities, by W. J. McConnell and F. C. Houghten (A.S.H.V.E. Transactions, Vol. 29, 1923, p. 129). 
A.S.H.V.E. Research Report No. 672 — Further Study of Physiological Reactions, by W. J. McConnell, 
F. C. Houghten and F. M. Phillips (A.S.H.V.E. Transactions, Vol. 29. 1923, p. 353). A.S.H.V.E. 
Research Report No. 690 — ^Air Motion, High Temperatures and Various Humidities — Reactions on 
Human Beings, by W. J. McConnell, F. C. Houghten and C. P. Yaglou (A.S.H.V.E. Transactions, Vol. 
30, 1924, p. 167). A.S.H V.E. Research Report No. 718 — ^Work Tests Conducted in Atmospheres of 
High Temperatures and Various Humidities in Still and Moving Air, by W. J. McConnell and C. P. Yaglou 
(A.S.H.V.E. Transactions, Vol. 31, 1925, p. 101). A.S.H.V.E. Research Report No. 719 — Basal 
Metabolism Before and After Exposure to High Temperatures and Various Humidities, by W. J. McCon- 
nell, C. P. Yaglou and W. B. Fulton (A.S.H.V.E. Transactions, Vol. 31, 1925, p. 123). A.S.H.V.E. 
Research Report No. 90S — Heat and Moisture Losses from Men at Work and Application to Air Con- 
ditioning Problems, by F. C. Houghten, W. W. Teague, W. E. Miller and W. P. Yant (A.S.H.V.E. Trans- 
actions, Vol. 37, 1931, p. 541). A.S.H. V E. Research Report No. 1106 — ^Air Conditioning in Industry — 
Physiological Reactions of Individual Workers to High Effective Temperatures, by W. L. Fleisher, A. E. 
Stacey, Jr., F. C. Houghten and M. B. Ferderber (A.S H.V.E. Transactions, Vol. 45, 1939, p. 59). 
A.S.H.V.E. Research Report No. 1153 — Seasonal Variation in Reactions to Hot Atmospheres, by F. C. 
Houghten, A. A. Rosenberg and M. B. Ferderber (A.S.H.V.E. Transactions, Vol. 46, 1940). Physiologic 
Effects of Hot Atmospheres, by F. C. Houghten, M. B. Ferderber and A. A. Rosenberg (.Industrial Medicine, 
January, 1940, p. 7). 

^A.S.H.V.E. Research Report No. 1151 — ^The Peripheral Type of Circulatory Failure in Experi- 
mental Heat Exhaustion, by R. W, Keeton, F. K. Hick, Nathaniel Glickman and M. M. Montgomery 
(A.S.H.V.E. Transactions, Vol. 46, 1940). 

2®A.S.H.V.E. Research Report No. 1153 — Seasonal Variation in Reactions to Hot Atmospheres, by 
F. C. Houghten, A. A. Rosenberg and M. B. Ferderber (A.S.H.V.E. Transactions, Vol. 46, 1940). 

^Hnfluence of Effective Temperature upon Bactericidal Action of Gastro- Intestinal Tract, by Arnold and 
Brody (Proceedings Society Exp. Biol. Med., Vol. 24, 1927, p. 832). 
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factors in the increased susceptibility to gastro-intestinal disorders in hot 
summer weather. 

In warm atmospheres, particularly during physical work, a considerable 
amount of chloride is lost from the system through sweating. The loss of 
this substance may lead to attacks of cramps, unless the salts are replaced 
in the drinking water. In order to relieve both cramps and fatigue, it 


Table 3. Relation Between Metabolic Rate and Activity^ 


Agtivitt 

Hotislt 
Mstabolio 
Raoib for Ava 

PURSON OR 

Total Heat 
Dissipated, 
Btu per hour 

Hourly 
Sensible 
Heat Dis- 
sipated, 
AT 79 F, 
Btu per 
Hour 

Hourly 
Latent 
Heat Dis- 
sipated, 
AT 79 F, 
Btu per 
Hour 

Moisture 

Dissipated 

PER Hour 

Grains 

Pounds 

Basal 

291 

145 

145 

978 

0.140 

Seated at Rest 

384 

225 

159 

1072 

0.153 

Reading Aloud (Seated)- 

420 

225 

195 

1315 

0.188 

Standing at Rest 

431 

225 

206 

1389 

0.198 

Hand Sewing (Seated) 

441 

225 

216 

1457 

0.208 

Knitting 23 stitches per minute on Sweater. 

462 

225 

237 

1598 

0.228 

Dressing and Undressing. 

468 

225 

243 

1639 

0.234 

Tailor. 

482 

225 

257 

1733 

0.248 

Singing. 

486 

225 

261 

1760 

0.251 

Office Worker Moderately Active 

490 

225 

265 

1787 

0.255 

Light Work Standing 

549 

225 

324 

2185 

0.312 

Typewriting Rapidly. 

558 

225 

333 

2246 

0.321 

Ironing with 5 lb iron._ 

570 

225 

345 

2326 

0.332 

Dishwashing — Plates, Bowls, Cups and Saucers 

600 

225 

375 

2529 

0.361 

Clerk Moderately Active Standing at Counter.. 

600 

225 

375 

2529 

0.361 

Bnnk Rindf^r . .. 

626 

225 

401 

2704 

0.386 

Shoemaker. 

661 

225 

436 

2940 

0.420 

Sweeping Bare Floor 38 Strokes per Minute.... 

672 

229 

443 

2987 

0.427 

Pool Player._„ 

680 

230 

450 

3055 

0.434 

Walking 2 mph, Light Dancing 

761 

250 

511 

3446 

0.492 

Light Metal Worker (at Bench) 

862 

277 

585 

3945 

0.564 

Painter of Furniture (at Bench) 

876 

280 

596 

, 4019 

0.574 

Carpenter 

954 

307 

647 

1 4363 

0.623 

Restaurant Serving. 

1000 

325 

675 

4552 

0.650 

Pulling Weight— 

1041 

335 

708 

4774 

0.682 

Walking 3 mph 

1050 

339 

711 

4795 

0.685 

Walking 4 mph, Active Dancing, Roller Skating 

1390 

452 

938 

6325 

0.904 

Walking Down Stairs 

1444 

467 

977 

6588 

0.941 

Sf-oni* Masnn 

1490 

490 

1000 

6744 

0.963 

Bowling... 

1500 

490 

1010 

6811 

0.973 

Man Sawing Wood 

1800 

590 

1210 

8160 

1.166 

Swimming. _ 

1986 





Running 5,3 mph._ 

2268 





Walking 5 mph, 

2330 





Walking Very Fast 5.3 mph. 

2580 





WalkiniT Up Stairs 

4365 





Maximum Exertion Different People 

3000-4800 












aThcse metabolic rates were compiled by the A.S.H.V.E. Research Laboratory from actual tests, from 
other authoritative sources, and from estimates based upon various considerations. Division of the total 
heat dissipation into latent and sensible rates is based on actual test data and on various considerations for 
metabolic rates up to 1250 Btu per hour, and extrapolated for higher rates. Values for total heat dissipa- 
tion for a person at rest apply for a dry-bulb temperature range from approximately 60 to 90 F; for other 
than rest conditions the values apply for a similar but lower temperature range. Below these temperature 
ranges metabolic rates and total rates of heat dissipation increase, while above these ranges metabolic rates 
increase slightly and total heat dissipation rates decrease rapidly. Division of total dissipation rates into 
sensible and latent heat holds only for a dry-bulb temperature of 79 F. For lower temperatures, sensible 
heat dissipation increases and latent heat decreases, while for higher temperatures the reverse is true. 
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is recommended that 6 g of sodium chloride and 4 g of potassium chloride 
be added to a gallon of water^^. 

The deleterious physiologic effects of high temperatures exert a power- 
ful influence upon physical activity, accidents, sickness and mortality. 
Both laboratory and field data show that physical work in warm atmos- 
pheres is a great effort, and that production falls progressively as the tem- 
perature rises. The incidence of industrial accidents reaches a minimum 
at about 68 F, increasing above and below that temperature. Sickness 
and mortality rates increase progressively as the temperature rises. 

The need of air conditioning for workers in hot industries is growing 
rapidly and this should become an important field for the air conditioning 
engineer. The hot conditions may be remedied by any of the recognized 
comfort cooling applications. The choice of the type of system and cycle 
to be used in a given instance must be determined by the air conditioning 
engineer after a study of surrounding conditions. 

Recently it has been shown that in some hot industries where a small 
number of workers are engaged in spaces of large volumetric capacity the 
worker himself, rather than the entire environment, can be cooled by 
either placing him in a small cooled and ventilated booth, by blowing 
cooled air over him, or by circulating cooled air through a loose-fitting 
suit^^ 


RELATION OF AIR CONDITIONING NEEDS TO METABOLISM 

The major objective of heating and ventilation is to balance heat losses 
from the human body. The basic factor is metabolism. The desirable 
environment, from the standpoint of heat loss, depends directly on the 
heat produced in the body and this heat may be over ten times as great 
when a man is exercising violently as when he is reclining and at rest. 
Therefore, there is no absolute optimum of air temperature or other 
environmental conditions, which will meet all cases. With moderate, 
(45 per cent) relative humidity and minimum air movement, an air tem- 
perature of 80 F has been found ideal for the lightly clothed subject at 
rest in a semi-reclining position, while normally clothed, healthy persons 
have been found comfortable at 72 and 77 F with 45 per cent relative 
humidity (or 67 and 71 deg ET, respectively) for winter and summer 
conditions. In factories where light work is performed in summer time, 
the ideal has been found to be about 76 F. For children (who have a high 
metabolism) at school, in winter clothing, 70 F has been considered 
correct; while in a gymnasium, 55 F has been recommended. 

The wide variations in metabolic activities with which the engineer 
must be prepared to cope and the influence of such variations in metabo- 
lism on the heat load contributed by the human body to the environment 
are given in Table 3 and in Figs. 2, 3 and 4. It should be noted that 
metabolism and heat dissipation values are proportional to the body 
surface areas of the persons considered, and that the data referred to are 


^>®Some Effects of High Air Temperatures Upon the Miner, by K. N. Moss {Transactions Institute of 
Mining Engineers, Vol. 66, 1924, p. 284). 

2®A.S.H.V.E, Research Rjeport No. 1189 — Local Cooling of Workers in Hot Industry, by F. C. Hough- 
ten, M. B. Ferderber and Carl Gutberlet (A.S.H.V.E. Journal Section, Heating, Ptptng and Air Con- 
ditioning, July, 1941, p. 462). 
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only for persons having an average surface area of 19.5 sq ft or that of the 
average adult American male, 5 ft 8 in. in height and weighing 150 lb, and 
will therefore not apply to many audiences made up largely of w^omen or 
younger persons. Fig. 5, taken from the work of Du Bois-^ gives the 
relation of body surface area to height and weight, which may serve to 
correct the data for other audiences than adult men. The curves in the 
figures are based on certain averages of test results with different humidi- 
ties, and are sufficiently accurate for most practical applications. Where 



30 40 50 60 70 80 90 100 110 

EFFECTIVE TEMPERATURE DEG 


Fig. 2. Relation Between Total Heat Loss from the Human Body and 
Effective Temperature for Still Air^ 

aCurve A — Persons working so as to have a metabolic rate of 1310 Btu per hour. Curve B — Persons 
working so as to have a metabolic rate of 850 Btu per hour. Curve C — Persons working so as to Ua\ e a 
metabolic rate of 6G0 Btu per hour. Curve D — Persons seated at rest, or with a metabolic rate of 40() Btu 
per hour. Curves B and D based on test data covering a wide temperature range. Curves and C based 
on test data at an Effective Temperature of 70 deg and extrapolation of Curves B and D. All curves are 
averages of values for high and low relative humidities which apply with satisfactory’ accuracy for most 
considerations. For special problems requiring a higher degree of accuracy see more detailed A.S.H.V.E. 
Research Laboratory reports. 


greater precision in the applications of the results is required, or for 
extreme variations in temperature and humidity, the reports'^ covering 
the A.S.H.V.E. Laboratory work may be consulted. 

The curves in Figs. 2, 3 and 4, and proper interpolation between these 
curves make it possible to apply the data to persons engaged in any type 


^'‘DuBois, D. and E. F. {Archives of Internal Medicine, 1916, Vol. 18, p, Sbo). 
sf-Loc. Cit. Note 11. 
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Fig. 3. Relation Between Sensible Heat Loss from the Human Body and 
Dry-Bulb Temperature for Still Air^ 



DRY-BULB TEMPERATURE DEG FAHR 

Fig. 4. Latent Heat and Moisture Loss from the Human Body by Evaporation, 
IN Relation to Dry-Bulb Temperature for Still Air Conditions^ 

alx)c. Cit. See footnote a, Fig. 2. 
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of work or physical activity, providing the resulting metabolic rate is 
known. As an example, if it is found that a certain type of work results 
in a metabolic rate of approximately 760 Btu per hour for an average 
person working in an atmosphere of 70 ET, then his total rate of heat 
dissipation to atmospheres of various temperature will be approximately 
as given by the broken-line curve in Fig. 2. The broken line curves in 
Figs. 3 and 4 give the rate of sensible and latent heat dissipation of the 
person for different dry-bulb temperatures. 

ACCLIMATIZATION 

Acclimatization and the factor of psychology are two important 
influences in air conditioning which cannot be ignored. The first is man’s 
ability to adapt himself to changes in air conditions; the second is an 
intangible matter of habit and suggestion. 



Fig. 5. Chart for Determining Surface Area of Individuals for 
Height and Weight Given 

Some persons regard the unnecessary endurance of cold as a virtue. 
They believe that the human organism can adapt itself to a wide range 
of air conditions with no apparent discomfort or injury to health. In the 
light of present knowledge of air conditioning these views are not justified. 
Acclimatization to extreme conditions involves a strain upon the heat 
regulating system and interferes with the normal physiologic functions of 
the human body. Thousands of years in the heat of Africa do not seem 
to have acclimatized the Negro to a temperature exceeding 80 F. The 
same holds true of northern races with respect to cold, although the 
effects are mitigated by artificial control. An environment averaging 
64 F for the 24-hour period has been indicated as associated with minimal 
mortality^®. 

Within limits, however, there does occur a definite adaptation to ex- 


“Civilization and Climate, by Ellsworth Huntington, Yale University Press, 1928. 
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ternal temperature level. People and animals raised under conditions of 
tropical moist heat stand chilling poorly as they are unable quickly to 
increase internal combustion to keep up the body temperature. For this 
reason they have trouble standing the cold, stormy weather of the tem- 



Dry Bulb Temperature F 

Fig. 6. A.S.H.V.E. Comfort Chart for Air Velocities of 15 to 25 fpm 

(Still Air) 

Note . — Both summer and winter comfort zones apply to inhabitants of the United States only. Applica- 
tion of winter comfort line is further limited to rooms heated by central station systems of the convection 
type. The line does not apply to rooms heated by radiant methods. Application of summer comfort line 
is limited to homes, offices and the like, where the occupants become fully adapted to the artificial air con- 
ditions. The line does not apply to theaters, department stores, and the like where the exposure is less than 
3 hours. 

perate zones, and when exposed to it are very susceptible to respiratory 
infections. Likewise, people living in cool climates suffer greatly in the 
moist heat of the tropics until their adaptive mechanism has been adjusted. 
Within a few years, however, they find themselves reacting as natives 
to the new environment. 
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The adaptive level changes somewhat with the season^^. There are also 
marked differences between the sexes. In the cold zone the thickness of 
the thermal insulating tissues of women is almost double that of men, 
although the sensor responses to cold are similar. In the hot zone, the 
threshold of sweating and skin temperature levels are both higher for 
women. 

Finally, the thickness and insulating value of the clothing worn is an 
important factor in the determination of the comfort level. 



Fig. 7. Relation Between Effective Temperature and Percentage 
Observations Indicating Comfort 


EFFECTIVE TEMPERATURE INDEX 

Sensations of warmth or cold depend, not only on the temperature of 
the surrounding air as registered by a dry-bulb thermometer, but also 
upon the temperature indicated by a wet-bulb thermometer, upon air 
movement and upon radiation effects. Dry air at a relatively high 
temperature may feel cooler than air of considerably lower temperature 
with a high moisture content. Air motion makes any moderate condition 
feel cooler. Radiation to cold or from warm surfaces is another important 
factor under certain conditions. 

Combinations of temperature, humidity, and air movement which 
induce the same feeling of warmth are called thermo-equivalent condi- 


^The Reactions of the Clothed Human Body to Variations in Atmospheric Humidity, by C,-E. A. 
Winslow, L. P. Herrington and A. P. Gagge {American Journal of Physiology, Vol, 124, December, 1938, 
p. 692). 
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tions. A series of studies-^ at the A.S.H.V.E. Research Laboratory, 
Pittsburgh, established the equivalent conditions met with in general air 
conditioning work. This scale of thermo-equivalent conditions not only 
indicates the sensation of warmth, but also to a considerable degree 
determines the physiological effects on the body induced by heat or cold. 
For this reason, it is called the effective temperature scale or index. 

Effective temperature is an empirically determined index of the degree 
of warmth perceived on exposure to different combinations of tempera- 
ture, humidity, and air movement. It was determined by trained subjects 
who compared the relative warmth of various air conditions in two ad- 
joining conditioned rooms by passing back and forth from one room to 
the other. 

The numerical value of the index for any given air conditions is fixed 
by the temperature of calm (15 to 25 fpm air movement) saturated air 
which induces a like sensation of warmth or cold. Thus, any air condition 
has an effective temperature of 60 deg, when it induces a sensation of 
warmth like that experienced in calm air at 60 deg saturated with moisture. 
The effective temperature index cannot be measured directly but is deter- 
mined by the dry- and wet-bulb temperature observations and by 
reference to the Comfort Chart (see Figs. 6, 7 and 8) or tables. The relation 
of winter and summer sensations of comfort to wet- and dry-bulb tem- 
perature at low air movement is shown in Fig. 6. This chart, published 
by an A.S.H.V.E. Technical Advisory Committee^®, is based on research 
prior to 1932. Later studies by the A.S.H.V.E. Research Laboratory 
indicates somewhat higher temperatures for winter comfort, while Fig. 7 
shows considerable variation in the requirements for comfort in summer 
cooled and air conditioned space. Relations between moisture content 
and various dry-bulb temperatures to wet-bulb readings and effective 
temperatures are depicted in Fig. 8. Effective temperatures for various 
combinations of wet- and dry-bulb temperatures and air movement are 
given in Fig. 9. 

A long series of studies have been made to determine the optimum 
effective temperature for comfort of normal persons in both winter and 
summer air conditioned space, in different geographical regions and for 
different age groups of men and women. A group of these studies^® was 


28A.S H.V.E. Research Report No. 073 — Determination of the Comfort Zone, by F. C. Houghten 
and C. P. Yaglou (.A.S.H.V.E. Transactions, Vol. 29, 1923, p 361). A.S.H.V.E. Research Report 
No. 691— Cooling Effect on Human Beings by Various Air Velocities, by F. C. Houghten and C. P. Yaglou 
(A.S.H.V.E. Transactions, Vol. 30, 1924, p. 193). A.S.H.V.E. Research Report No. 717— Effective 
Temperature with Clothing, by C. P. Yaglou and W. E. Miller (A.S.H.V.E. Transactions, Vol. 31, 1925, 
D 89). A.S.H.V E. Research Report No. 755— Effective Temperature for Persons Lightly Clothed and 
Working in Still Air, by F. C. Houghten, W, W. Teague and W. E. Miller (A.S.H.V.E. Transactions, 
Vol. 32, 1926. p. 315). 

2«How to Use the Effective Temperature Index and Comfort Charts, by C. P. Yaglou, W. H. Carrier, 
Dr. E. V. Hill, F. C. Houghten and J. H. Walker (A.S.H.V.E. Transactions, Vol. 38, 1932, p. 410). 

MA S H V.E. Research Report No. 1035— Comfort Standards for Summer Air Conditioning, by F. C. 
Houghten and Carl Gutberlet (A.S.H.V.E. Transactions, Vol. 42, 1936, p. 215). A.S.H.V.E. I^search 
Report No. 1056— Cooling Requirements for Summer Comfort Air Conditioning, by F. C. Houghten, 
F. E. Giesecke, C. Tasker and Carl Gutberlet (A.S.H.V.E. Transactions, Vol. 43, 1937, p 145).,A.S.ILV.E. 
Research Report No. 1088— Summer Cooling Requirements of 275 Workers in an Air Conditioned Office, 
by A B Newton, F. C. Houghten, Carl Gutberlet and R. W. Qualley (A.S H.V.E. Transactions, Vol. 
44. 1938' p. 337). Cooling Requirements for Summer Comfort Air Conditioning in Toronto, by C. Tasker 
(A.S.H.V.E. Transactions, Vol. 44, 1938, p. 549). A.S.H.V.E. Research Report No. 1127— Reactions 
of Office Workers to Air Conditioning in South Texas, by A. J. Rummel, F. E. Gi^ecke, W. H. Badgett 
and A. T. Moses (A.S.H.V.E. Transactions, Vol. 45, 1939, p^. 459). A.S.H.V.E. Research Rpop 
No. 1136— Summer Cooling Requirements in Washington, D. C., and Other Metropolitan Distncts, by 
F. C. Houghten, Call Gutberlet and Albert A. Rosenberg (A ^H.VE. Transactions, Vol. 45, 1939, 
o 577) A. S H V.E. Research Report No. 1161— Reactions of 745 Clerks to Summer Air Conditioning, 
by W.’j.* McConnell and M. Spiegelman (A.S.H.V.E. Transactions, Vol. 46, 1940,) 
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made between 1935 and 1940 by the A.S.H.V.E. Laboratory in Pittsburgh, 
and in several metropolitan districts of the United States in cooperation 
with the managements of offices employing large numbers of workers. 
Some of the results are shown in Fig. 7. Talang all of these studies 
together, women of all age groups studied indicate an average effective 
temperature for comfort 1.1 deg higher than for men. All men and 
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women, beyond the age of 40 years, show an average desire for 0.9 deg liT 
higher than those below this age; while the men and women, respectively, 
beyond 40 desired effective temperatures of 0.8 and 1.2 deg higher than 
those below 40. The persons serving in all of these studies were represent- 
ative of office workers clothed for air conditioned space in the summer 
season and engaged in the customary sedentary activity of office workers. 
The 66 deg ET indicated as giving optimum comfort for winter con- 
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Fig. 9. Effective Temperature Chart Showing Normal Scale of Effective 
Temperature. Applicable to Inhabitants of the United States Under 
Following Conditions: 


A, Clothing'. Customary indoor clothing. B. Aaivityi Sedentary or light muscular work. C. Heating 
Methods: Convection type, i.e., warm air, direct steam or hot water radiators, plenum systems. 
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ditions in Fig. 6 and determined prior to 1932, has more recently been 
checked; first, by occasional observations, and second, by consistent 
laboratory study® ^ indicating that a higher optimum of 67 deg ET, or 
possibly as high as 68 deg ET, is now desired by the majority of occupants. 

All of these studies aimed to determine the optimum effective tem- 
perature for persons during both winter and summer, and for different 
geographical regions and age groups indicate a total spread in optimum 
conditions ranging from a low of 67 deg ET for winter heating and air con- 
ditioning, to a high of 73 deg ET for summer cooling and air conditioning. 

The spread for summer cooling and air conditioning is confined entirely 
to an effective temperature range of from 69 to 73 deg, and it may be 
presumed that for winter conditioning a like spread would be had; while 
for inter-seasonal conditions there will be a fluctuation between these 
two ranges. 

Recent studies®^ indicate that for the average individual a temperature 
change of about 3 deg ET is required to change a person’s sensation from 
ideally comfortable to cool or warm. From this it may be observed that 
necessary variations in the effective temperature of air conditioned space 
for optimum comfort for most persons, regardless of age or geographical 
location, need little differentiation for either the winter season or the 
summer season, and not more than about 4 deg on the average between 
seasons. 

Acclimatization and habits of clothing and diet account for these varia- 
tions. As a result of a recent analysis®® of all of the evidence available by 
the A.S.H.V.E. Technical Advisory Committee on Sensations of Comfort, 
a variation of 3 deg spread in optimum effective temperature for summer 
’ cooling and air conditioning with geographical location has been proposed. 
The available information indicates rather clearly that changes in weather 
conditions over a period of a few days do not acclimate people to a desire 
for different indoor conditions, but in general, people experiencing low 
temperatures over an extended period of time become acclimated to 
desiring lower indoor temperatures, while those experiencing higher 
temperatures become acclimated to a desire for higher indoor tempera- 
tures. It is obvious that a person spending a considerable portion of his 
time in space conditioned to his comfort will become acclimated to his 
indoor environment. While few people enjoy air conditioning for more 
than a small percentage of the total time, there is some evidence that 
persons experiencing comfort air conditioning a large part of the time 
tend to become acclimated to about 70 or 71 deg ET. 

The entering shock to occupants of summer cooled and air conditioned 
space may at times be important, and is due to the rapid evaporation of 
perspiration accumulated during the occupant’s previous stay in the hot 
outside. While recent studies®^ show that for healthy individuals this 


31A s H.V.E Research Report No, 1173-— Radiation as a Factor in the Sensation of Wiirmtli, by F. C, 
Houghten, S. B. Gunst and J. Suciu, Jr. (A.S.H.V.E. Transactions, Vol. 47, 1041.) 

^'-iLoc. Cit. Note 31. 

ssComfort with Summer Air Conditioning, by Thomas Chester, N. D. Adams, C. R. Bellamy, G, D. 
Fife, E. P. Heckel, Dr. W. J. McConnell, F. C. McIntosh, A. B. Newton, B. F. Riiber and C. Tasker. 
(A.S.H.V.E. Journal Section, Heating, Piping and Air Conditioning, October, 1041). 

^■‘A.S.H V.E. Research Report No. 1103— Shock Experiences of 275 Workers After Entering and 
Leaving Cooled and Air Conditioned Offices, by A. B. Newton, F. C. Houghten, Carl Gutberlet, R. \V. 
Qualley and M. C. W. Tomlinson (A.S.H.V.E. Transactions, Vol. 44, 1938, p. 571). 
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shock is usually a pleasant experience, for others it may result in un- 
pleasant or even harmful chills. This fact should be taken into con- 
sideration in applying summer cooling and air conditioning, particularly 
to spaces where a large number of the occupants may enter for only a 
short time, 15 min or less. Such occupants will be satisfied with less 
cooling. For long occupancy very little deviation from the optimum 
effective temperature is practical. 

Radiation between the occupant of an enclosure and the surfaces of the 
roorn itself and objects within the room, including windows, heating and 
cooling equipment, and other occupants, has an important bearing on the 
feeling of warmth and may alter to some measurable degree the optimum 



Fig. 10. Cooling Effect of Three Cold Walls in a Small Experimental Room, 
AS Determined by Comparison with Sensations in a Room of Uniform 
Wall and Air Temperature 


conditions for comfort indicated previously. Fig. 10®^ shows the necessary 
elevation in the dry-bulb temperature of the air to compensate for the 
lower temperature of three of four side-wall surfaces, which indicates that 
for this condition each degree reduction in the average of the three wall 
surface temperatures there must be an elevation of 0.3 deg in the dry-bulb 
temperature of the air to compensate. Recent studies by the A.S.H.V.E. 
Research Laboratory on the effect of radiation within an enclosure, 
including the effect of panel heating, indicate that for each degree eleva- 
tion or depression of the mean radiant temperature above or below the air 
temperature requires about 0.5 deg counterchange in effective tempera- 
ture of the air. Since the mean radiant temperature of the surroundings 


*6A.S.H.V.E. Research Report No. 940—Cold Walls and Their Relation to Feeling of Warmth, by 
F. C. Houghton and Paul McDermott. (A.S.H.V.E. Transactions, Vol. 39, 1933, p. 83). 

*«Loc. Cxt. Note 31. 
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is affected by cold, uninsulated walls and windows, particularly single 
glazed windows, as well as by heating units placed within the room, in- 
cluding panel heaters, these factors must be compensated. Likewise, in 
densely occupied spaces, such as classrooms, theaters and auditoriums, 
somewhat lower temperatures may be necessary than those indicated by 
the comfort line on account of counter-radiation between the bodies of 
occupants in close proximity to each other, which also will elevate the 
mean radiant temperature of the room. 

The sensation of comfort, insofar as the physical environment is con- 
cerned, is not absolute but varies considerably among certain individuals. 
Therefore, in applying the air conditions indicated, it should not be 
expected that all the occupants of a room will feel perfectly comfortable. 
The curves in Fig. 7 indicate that some persons require temperatures as 
much as 4 and 6 deg lower and higher than the optimum for the average. 
In this connection it is of interest to note that from the characteristic 
shape of the curves that in general people will object more quickly to a 
few degrees drop in temperature from the average optimum than will be 
the case for the same number of degrees overheating. However, when 
optimum comfort temperatures are applied in accordance with foregoing 
recommendations, the majority of the occupants should be comfortable, 
and it should be expected that there will be a few too warm and a few too 
cold. These individual differences among the minority should be counter- 
acted by suitable clothing. 

Satisfactory comfort conditions for persons at work®^ are found to vary 
depending upon the rate of work and the amount of clothing worn. In 
general, the greater the degree of activity, the lower the effective tem- 
perature necessary for optimum comfort. However, recent work by the 
A.S.H.V.E. Research Laboratory®® indicates that under certain condi- 
tions moderate activity on the part of a person standing up and moving 
about may result in a slightly higher optimum effective temperature than 
for a person seated at rest, because of the larger body surface area exposed 
to heat elimination and the increase in effective air movement over his 
body. Where few workers occupy a large space in hot industries, recent 
work by the A.S.H.V.E. Research Laboratory®® shows that they may be 
made reasonably comfortable by blowing relatively small volumes of 
slightly cooled air over them or through their clothing. 

For prematurely born infants, the optimum temperature varies from 
100 to 75 F, depending upon the stage of development. The optimum 
relative humidity for these infants is placed 65 per cent^®. No data are 
yet available on the optimum air conditions for full term infants and 
young children up to school age. Satisfactory air conditions for these age 
groups are assumed to vary from 75 to 68 F with natural indoor humidities. 
For school children, the studies of the New York State Commission on 


^A.S.H.V.E. Research Report No. 755— Effective Temperature for Persons Lightly Clothed and 
Working in Still Air, by F, C. Houghten, W. W. Teague and W. E. Miller (A.S.H.V.E. Transactions, 
Vol. 32, 192(5. p. 315). 


28A.S.H V.E. Research Report No. 1106— Air Conditioning in Industry, by W L. Fleisher, A. E, 
Stacey, Jr., F. C. Houghten and M. B. Ferderber (A.S.H.V.E. Transactions, \’'o 1. 45, 1939, p. 50). 

®®Loc. Cit. Note 23. 


-WApplication of Air Conditioning to Premature Nurseries in Hospitals, by C. P. Yaglou, Philip Drinker 
and K. D. Blackfan (A.S H.V.E. Trans.actions, Vol. 36, 1930, p 383). 
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Ventilation place the optimum air conditions at 66 to 68 F temperature 
with a moderate humidity and a moderate but not excessive amount of 
air movement^^. A great number of persons seem to be fairly content 
with a higher plane of indoor temperature, particularly when the matter 
of first cost and operating cost of a cooling plant is given due considera- 
tion. Recent studies by the University of Illinois'^^ in cooperation with 
the A.S.H.V.E. Committee on Research indicate that effective tempera- 
tures as high as 74.5 deg are acceptable in the living quarters of a residence, 
and while this condition is not representative of optimum comfort it 
provides sufficient relief in hot weather to be acceptable to the majority 
of users. It should be emphasized, however, that these high temperatures 
are borderline cases that may be acceptalDle largely in the interest of 
economy. Comprehensive studies by the A.S.H.V.E. Research Labora- 
tory^^ in cooperation with office staffs in widely distributed regions, 
including San Antonio, Texas, Minneapolis, Washington, D. C., and the 
Metropolitan Life Building, New York City (see Fig. 7), show con- 
clusively that lower effective temperatures are required for optimum 
comfort, while in a few instances this optimum has been found as high 
as 73 deg and as low as 69 deg, or an average of about 71 deg. 

PHYSIOLOGICAL OBJECTIVES OF HEATING AND VENTILATION 

Aside from the removal of toxic fumes and dusts from heating appli- 
ances and industrial processes, the chief task of the heating and venti- 
lating engineer is to keep his clients warm in winter and cool in summer. 

For the normally vigorous person, normally clothed, and at rest, an air 
temperature of 65 F should be provided at knee-height, 18 in. in order to 
prevent chilling of the legs and feet. With some heating systems, this 
will correspond to 70 F at a 5 ft height. Air temperature may be increased 
or decreased in order to compensate for deviations of mean radiant 
temperature above or below air temperature. 

In rooms occupied by persons of sub-normal vitality, knee-height 
temperatures must be higher than 65 F. Since dwellings are designed for 
occupancy by old people and children, the heating system should be able 
to provide a temperature of 70 F at knee-height under ordinary winter 
conditions. 

The maintenance of such conditions as these in winter depends on 
three major factors, the heat produced in the occupied space, the heat 
absorbed from the sun and the heat loss through the walls, floor and 
ceiling of the structure to cold air and earth. Taking these up in the 
order in which they occur, in planning a new structure it is essential to 
remember the important effect of orientation and fenestration of the 
building with respect to the absorption of radiant heat from the sun. 
It has recently been shown that, in the vicinity of New York, effective 
sun-heat on a wall facing south is almost five times as great in winter as 


“Ventilation Report of the New York State Commission on Ventilation (E. P. Dutton Co., N. Y., 1923) . 
“A S H.V.E. Research Report No. 1012 — Study of Summer Cooling in the Research Residence for 
the Summer of 1934, by A, P. Kratz, S. Konzo, M. K. Fahnestock and E. L. Broderick (A.S.H.V.E, Trans- 
actions, Vol. 41, 1935, p. 207). 

«Loc. Cit. Note 30. 
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in summer, but on a wall facing west-north-west it is six times as great 
in summer as in winter^*^. The orientation of the same one-story house 
(in a laboratory model) was changed from a position in which its principal 
rooms faced northwest to a position in which these rooms (with re- 
arranged and slightly increased fenestration) faced west of south. This 
change decreased average summer sun-heat to one-ninth and increased 
average winter sun-heat to fourfold of its value with the original ori- 
entation. 

The choice between the various methods of heating depends, of course, 
on many engineering and other factors. From the standpoint of human 
health and comfort, however, it is important to minimize floor-ceiling 
differentials as far as possible to avoid hot heads and cold feet. Further- 
more, when the problem is a heating one, low air movement is desirable, 
since air temperature must be raised to balance the cooling effect of 
air motion. 

Where occupants are closely aggregated, a new problem comes in, 
the removal of the excess heat produced by the human body itself. If 
the temperature of such a space be correctly adjusted when the occupants 
enter, it will steadily rise during the period of occupancy as a result of 
the heat produced by the occupants in the process of metabolism. Of the 
400 Btu given off in metabolism 100 would perhaps be lost in evaporation, 
leaving 300 Btu per person per hour to warm the air. In a room contain- 
ing many persons, the effects of this body heat can be neutralized by 
outside air without producing unpleasant and dangerous drafts on those 
near the windows or other inlets. The supply of air before it reaches the 
occupant should be so tempered as to avoid drafts but in an amount and 
at a temperature which will remove the sensible heat produced by 
metabolism. With no heat loss through walls (as in an interior audi- 
torium) this will require 28 cfm of air per person when admitted at 60 F, 
and an average temperature of 70 F for air leaving the room. Under 
practical conditions, with one or more cold walls, and a room containing 
a moderate number of occupants and ample cubic space, window venti- 
lation with deflectors and a gravity exhaust duct may suffice. With 
crowded rooms, and with any rooms containing 50 or more occupants, 
forced ventilation will be essential. 


SUMMER COMFORT 

The problem of keeping cool in summer is physiologically as important 
as keeping warm in winter. In summer the relative humidity of the 
atmosphere is of great importance, along with air temperature, air move- 
ment, and wall temperature. There is no very practical method of cooling 
walls, but summer comfort can be promoted by modifying either one of 
the other three factors involved. 

Increase of comfort by air movement may be had by the promotion of 
natural circulation by cross or through ventilation; and here the architect 
is responsible for providing fenestration which will make such natural 


^‘‘Solar Radiation as Related to Winter Heating in Residences, by H. N. Wright (Re purl of John B 
Pierce Foundation, January 20, 1936). 
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ventilation possible. In the lowest cost housing this should be con- 
sidered as essential. 

The direct control of air temperature and humidity is, of course, the 
ideal solution where the cost of a complete air conditioning equipment 
can be met. Where this objective is attained, there are two schools of 
thought concerning the relation between temperature and humidity to 
be maintained. For a given effective temperature some engineers favor 
comparatively low temperature with a high humidity as this results in a 
reduction of refrigeration requirements. Preliminary experiments at the 
A.S.H.V.E. Laboratory^® would seem to indicate no appreciable impair- 
ment of comfort with relative humidities as high as 80 per cent, provided 
the effective temperature is between 70 and 72 or 73 deg. 

The second school favors a higher dry-bulb temperature, according 
to the prevailing outdoor dry-bulb, with a comparatively low humidity 
(well below 50 per cent), the main purpose being an assumed reduction in 
temperature contrasts upon entering and leaving the cooled space and to 
keep the clothing and skin dry. This second scheme requires more 
refrigeration with the present conventional type of apparatus. 

INFLUENCE OF HUMIDITY 

The limitation of the comfort zones in Fig. 6 with respect to humidity 
are not final but must be adhered to closely. Relative humidities below 
30 per cent may prove satisfactory from the standpoint of comfort. In 
mild weather comparatively high relative humidities seem to be entirely 
feasible, but in cold weather they are objectionable on account of con- 
densation and frosting on the windows. Information on this subject 
is given in Chapter 4. 

As to the effects of dryness of the air, per se, and irrespective of thermal 
effects, there is a common belief that dry air in itself exerts a harmful 
effect upon the skin and mucous membranes; but there is no convincing 
evidence that the increase of atmospheric moisture which can practically 
be introduced by humidification into the air of cool occupied rooms has any 
effect upon health and comfort. All controlled experiments on this point 
have yielded negative results; and the respiratory membranes of industrial 
workers exposed to hot moist air are distinctly abnormal compared with 
those of workers exposed to hot dry air^®. 

For the premature infant, a high relative humidity of about 65 per cent 
is demonstrably beneficial to health and growth^^ until the infants reach 
a weiglxt of about 5 lb. No such clear-cut evidence exists in the case 
of adults. In the comfort zone experiments of the A.S.H.V.E. Research 
Laboratory, the relative humidity was varied between the limits of 30 
and 70 per cent approximately, but the most comfortable range has not 
been determined. In similar experiments at the Harvard School of 
Public Health, the majority of the subjects were unable to detect sensa- 


S H V E Research Report No. 1035 — Comfort Standards for Summer Air Conditioning, by F. C. 
HouKhten and Carl Gutberlet (A.S.H.V.E. Transactions, Vol. 42, 1936, p. 215). A.S.H.V.E. Research 
Report No. 1055 — Cooling Requirements for Summer Air Conditioning, by F. C. Houghten, F. E. Giesecke 
C. Tasker and Carl Gutberlet (A.S.H V.E. Transactions, Vol. 43, 1937, p. 145). 

<flLoc. Cit. Note 37. 
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tions of humidity too high, too low, or medium) when the relative 
humidity was between 30 per cent and 60 per cent with ordinary room 
temperatures which is in accord with other studies 


INFLUENCE OF AIR MOVEMENT 

Air movement has a powerful influence on the factors involved in 
thermal equilibrium of the body. An understanding of the phenomena 
involved is best had through a consideration of the purely physical factors 
involved in the effect of air movement on heat dissipation from inanimate 
surfaces by radiation, convection and evaporation. Thermal equilibrium 
of the human body is more complex because of the physiological control 
exercised in permitting the body surface temperature to drop when 
factors influencing heat loss are unavoidably increased without additional 
clothing and by the making available of perspiration for evaporation. 

Air movement does not affect radiation loss, provided there is no 
change in the skin temperature. However, if there is excessive cooling 
and lowering of the skin temperature due to increased convection loss, 
then radiation loss (which varies as the differences of the fourth power of 
the absolute temperatures of the radiator and receiver) decreases. It has 
been shown by the work at the John B, Pierce Laboratory of Hygiene^^ and 
by the A.S.H.V.E. Research Laboratory^^ that radiation may thus 
actually descrease due to air movement in relatively cool atmospheres. 

Convection loss from any surface, including that of the clothed body, 
is greatly increased by air movement, provided the surface temperature 
remains the same. In cool atmospheres, unless increased clothing is worn, 
heat loss due to air movement may be accompanied by a drop in body 
surface temperature. 

Heat loss by evaporation is greatly increased by air movement, pro- 
vided surface temperature and moisture available for evaporation (or the 
wetness of the surface) are constant. However, since in the human body 
perspiration is only made available when there is need for increased 
evaporative heat loss due to reduction in convection loss increased air 
movement is accompanied by decreased perspiration and evaporative 
cooling in moderately cool atmospheres. In very hot atmospheres, 
particularly with low vapor pressure, evaporative cooling may be increased 
by air movement so as to increase the maximum temperature level at 
which thermal equilibrium may be maintained. Results of studies at 
the A.S.H.V.E. Research Laboratory®^ and at the John B. Pierce Labora- 


^SHumidity and Comfort, by W. H. Howell (The Science Press, April, 1931). 

^Effect of Variation in Relative Humidity upon Skin Temperature and Sense of Comfort, by U. Miura 
(American Journal of Hygiene, Vol. 13, 1931, p. 432). 

"Loc. Cit. Note 13. 

«Loc. Cit. Note 11. 

^^a.S.H.V.E. Research Report No. 691 — Cooling Effects on Human Beings Produced by Various Air 
Velocities, by F. C. Houghten and C. P. Yaglou (A.S.H.V.E. Transactions, Vol. 30, 1924, p. 193). 
A.S.H.V.E. Research Report No. 717 — Effective Temperature with Clothing, by C. P. Yaglou and W, E. 
Miller (A.S.H.V.E. Transactions, Vol. 31, 1925, p. 89). A.S.H.V.E. Research I^eport No. 690 — Air 
Motion, High Temperatures and Various Humidities- Reactions on Human Beings, by W. J. McClonneU, 
F. C. Houghten and C. P. Yaglou (A.S.H.V E. Transactions, Vol. 30, 1921, p. 107). A.S.H.V.E. 
Research Report No. 718— Work Tests Conducted in Atmospheres of High Temrieraturcs and Various 
Humidities in Still and Moving Air, by W. J. McConnell and C. P. Yaglou (A.S.H.V.E. Transactions. 
Vol. 31, 1925, p. 101). 
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lory of Hygiene^^ give data on the effect of air movement on heat dissipa- 
tion for normally clothed, standing and seated subjects, and for lightly 
clothed and semi-reclining subjects, respectively. Fig. 9 resulting from 
A.S.H.V.E. research, shows the increase in dry-bulb and wet-bulb tem- 
peratures for the same effective temperature with air velocities ranging 
from 20 to 700 fpm. 

Air velocities may be used for effective cooling; however, great care 
must be exercised to avoid drafts due to uneven cooling of the body 
surface. During the heating season air velocities in excess of 25 to 30 fpm 
usually give undersirable effects. With summer cooling and air con- 
ditioning higher velocities up to 40 or 50 fpm, if properly controlled, seem 
to give satisfactory conditions free from sensation of draft, while with 
higher ambient temperatures even higher air velocities may be used. In 
this connection it may be emphasized that drafts are interpreted®^ as 
local sensations of excessive coolness, and that even while very high air 
movement in relatively warm air increases the rate of heat loss from local 
parts of the body, it may improve the comfort of the occupant, so long as 
that part of his body surface is not excessively cooled. 

THE FOUR VITAL FACTORS 

From the preceding discussion it is clear that thermal environment 
cannot properly be adjusted to the requirements of human health and 
comfort without control of all the four basic factors : 

1. Air temperature (free from radiation effects). 

2. Air movement. 

3. Humidity. 

4. Mean radiant temperature of surrounding surfaces. 

According to the recommendations of the Sub-Committee on the 
Hygiene of Environmental Conditions in the Dwelling®®, it is of great 
importance in all research studies to make an accurate record of each of 
the four independent factors governing bodily heat exchanges, tempera- 
ture, movement and humidity of the air, and mean radiant temperature 
of the surrounding surfaces. For this purpose the committee suggested 
in the interest of comparability the use of the following four types of 
instruments or others yielding similar data: 

1. Silvered dry-bulb thermometers or hair-pin thermometers (Bargeboer). 

2. Silvered dry Kata-thermometers or the hot wire anemometer. 

3. Psychrometer, wet- and dry-bulb, whirling or ventilated. 

4. Globe thermometer (Vernon) or the dry resultant thermometer (Missenard). 

In this country, the shielded thermometer, or a very fine wire thermo- 
couple have been found more convenient for determining the true dry- 
bulb temperature. Fine, hot-wire anemometers are rapidly replacing the 
use of the Kata thermometer for measuring low air velocities, while some 


®*The Influence of Air Movement on Heat Losses for the Clothed Human Body, by C.-E. A. Winslow, 
A. P. Gagge and L. P. Herrington (Amertcan Journal of Physiology, October, 1939, Vol. 127, p. 505). 

«<A.S.H.V.E. Research Report No. 1086 — Draft Temperatures and Velocities in Relation to Skin 
Temperature and Feeling of Warmth, by F. C. Houghten, Carl Gutberlet and Edward Witkowski (A.S.H.- 
V.E. Transactions, Vol. 44, 1938, p. 289). 

*®Housing Commission of the League of Nations, adopted at CJeneva, June 25, 1937. 

65 



HEATING VENTILATING AIR CONDITIONING GUIDE 1942 


adaptations of the Vernon Globe thermometer, incorporating thermo- 
couples rather than mercury thermometers, have been found more 
satisfactory and convenient. 

Such instruments as these, when properly calibrated and their readings, 
are compared, can be used for determining the four basic physical factors 
concerned separately or in certain combinations. The results of the four 
physical measurements thus determined can generally be translated into 
the terms of any special instrument combining two or more of them. 

The work of the A.S.H.V.E. Research Laboratory has made available 
psychrometric charts with effective temperature scale superimposed 
thereon, including Figs. 8 and 9, and others®®, while recent studies®^ have 
indicated the degree to which mean radiant temperature of the sur- 
roundings modify the effective temperature index. 

In some instances it may be important to record not only the movement 
and temperature of the air at various levels, but also the temperature of 
each wall and window, of the flooring, and of the ceiling, and to measure 
the total effective radiation of the surroundings in 6 directions; in order 
to trace the exact causes of defects in the building which have an un- 
favorable influence on the heat exchanges of its inhabitants. Facts of 
this type are of great practical importance. 


®®A.S.H.V.E. Research Report No. 691 — Cooling Effects on Human Beings Produced by Various Air 
Velocities, by F. C. Houghten and C. P. Yaglou (A.S.H.V.E. Transactions, Vol. 30, 1924, p. 193). 

«Loc. Cit. Note 31 
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Chapter 3 


FUNDAMENTALS OF HEAT TRANSFER 


Thermal Conduction, Thermal Convection, Thermal Radia- 
tion, Solutions for Steady-State Conduction Problems, Unit 
Conductances for Convection Flow Systems, Angle and 
Emissivity Factors for Radiant Heat Transfer Systems 


H eat is that form of energy which is transferred from place to place 
by virtue of an existing temperature difference. The temperature 
difference is the potential which causes the transfer, the latter in turn 
being resisted by the thermal properties of the material combined in a 
simple term and known as the resistance. Energy exchange associated 
with mass transfer from place to place (evaporation, condensation, etc.) 
due to concentration differences will be treated elsewhere such as the 
section on cooling tower design in Chapter 27. The objectives of this 
•chapter are to : 

1. Describe the mechanisms and present the rate equations for the different modes 
‘Of heat transfer. 

2. Illustrate the application of the basic concepts to steady-state problems (tempera- 
ture independent of time or a cyclic variable thereof) by means of several typical solutions 
of heat transfer systems. 

Further applications to specific systems will be found throughout the 
Guide. 


CONDUCTION, CONVECTION AND RADIATION 

Thermal conduction is the term applied to the mechanism of heat 
transfer whereby in fluids the molecules of higher random kinetic energies 
transmit by direct molecular collision part of their energy to adjacent 
molecules of lower random kinetic energy. Since the temperature is 
proportional to the random kinetic energy of the molecules, thermal 
transfer will occur in the direction of decreasing temperature. The 
molecules oscillate about a mean position at fairly high velocities and 
frequencies, but there is no net material flow associated with the con- 
duction mechanism. 

In solids the significant mechanism of heat transport is thermal con- 
duction and is ascribed to a transfer mechanism associated with the free 
electrons^ Even in the case of fluids, thermal conduction is significant 
in the region very close to a solid boundary, for in this region the fluid 


iThe Metallic State, by H. Hume-Rothery (Oxford Press, 1931). 
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flows laminarly with practically no cross flow (i.e., in the direction of heat 
transfer). Finally, in fluid systems in which the fluid is moved only by 
gravity (free convection) and the hot fluid exists at the top, transfer of 
thermal energy will occur only by conduction (an example is the room 
with the hot air at the ceiling in the absence of forced circulation). 

Contrasted to the thermal conduction mechanism, thermal convection 
involves energy transfer by eddy mixing and diffusion^ in addition to 
conduction. This condition is pictured schematically in Fig. 1 which 
exhibits transfer from a pipe wall at surface temperature 4 to a colder 
fluid at a bulk temperature fe. In the laminar sublayer, immediately 
adjacent to the wall, the heat transfer is by thermal conduction, in the 
transition region, which is called the buffer layer, eddy mixing as well as 
conduction effects are significant, while in the eddy or turbulent region the 
major fraction of the transfer is by eddy mixing. 

In the case of laminar (also called streamlined) flow there is no transi- 
tion or eddy region. However, in most commercial equipment, except 
that involving low velocity flows of viscous liquids, the flow is turbulent. 



Fig. 1. Thermal Convection Conditions 


When the fluid currents are induced by sources external to the heat 
transfer region, as for example a pump, the described solid to fluid heat 
transfer is termed forced convection. In contrast, if the fluid currents are 
internally generated, as a result of non-homogeneous densities arising 
from the temperature variations, the heat transfer is termed free convection. 

In the conduction and convection mechanisms heat is transferred as 
internal energy, i.e,, the random molecular kinetic energy associated with 
the material temperature. For radiant heat transfer, however, a change 
in energy form takes place from internal energy at the source to electro- 
magnetic energy for transmission, then back to internal energy at the 
receiver. Since visible radiant energy exhibits characteristic wave lengths, 
the solution of thermal radiation problems is in many respects similar 
to the solution of problems in the field of illumination. 

The rate of thermal current flow (i.e,, rate of heat transfer) corre- 
sponding to the transfer mechanisms previously described, may be 
expressed by the following rate equations. These are similar to Ohm’s 


^Absorption and Extraction, by T. K. Sherwood (McGraw-Hill Co., 1937). 
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Law for electrical flow, the current flow through a resistance being pro- 
portional to the potential difference. 


Thermal Conduction Equation 




( 1 ) 


This expression states symbolically that the thermal conduction current 
per unit transfer area normal to the flow, {dq)/{dA), Btu per hour per 
square foot, is proportional to the temperature gradient {dt)/{dx), degree 
Fahrenheit per foot. The proportionality factor is termed the thermal 
conductivity, k, Btu per hour per square foot per degree Fahrenheit per 
foot of thickness. 

It should be emphasized that the thermal conductivity used should be 
expressed in consistent units; either using the inch or foot throughout. 

Expressions of conductivity used in the heating field are usually 
inconsistent in this sense, in that it is customary to refer to the con- 
ductivity per square foot but for one inch of thickness. This custom has 



Fig. 2. Thermal Conduction in a Flat Slab 

been adopted for the reason that wall thicknesses are usually expressed 
in inches, whereas if expressed in feet, decimal or fractional thicknesses 
would result. When dealing with flat walls no complication is involved 
in using the inconsistent expression of conductivity. However, when 
curved or spherical walls are considered, considerable complication is 
involved. Therefore, in this discussion the consistent units of con- 
ductivity expressed in Btu per hour per square foot per degree Fahrenheit 
for one foot of thickness is used throughout. Conductivity values 
obtained from Chapter 4 or Table 1 in this chapter, which are expressed 
in inconsistent units, must therefore be converted for use in the calcu- 
lations of this chapter, by dividing by 12. As an exarnple, the con- 
ductivity of brick, expressed in inconsistent units as 5.0 in Table 2 of 
Chapter 4, becomes 0.42 when used in the calculations of this chapter. 
Also, it should be emphasized that in order to make the calculations and 
applications consistent in this chapter, all dimensions of thickness must 
be expressed in feet. 

The minus sign on the right side of the equation is introduced to 
indicate positive current flow in the direction of decreasing temperature. 
The physical significance of indicated quantities are illustrated further 
by the schematic diagram Fig. 2. 


69 





HEATING VENTILATING AIR CONDITIONING GUIDE 1942 


Table 1. Approximate Unit Thermal Conductivities of 
Miscellaneous Materials^ 


Air. 

Aluminum 

Brass (70 ~ 3 

Cast Iron 

Copper. 

Glass 

Lead 

Nickel 

Soil 

Steel, mild 

Water, liquid.. 


Conductivity, k Btu per Hour per 
Sq Ft per Deg F for One 
Inch Thickness 

0.168 

1416.0 

720.0 

336.0 

2640.0 
3.6—7.32 

240.0 

330.0 
2.4—12.0 

312.0 
4.08 


a-Thermal conductivities depend to some extent on temperature. The above maRnitudes arc approxi- 
mate only. Refer to Heat Transmission, by W. H. McAdams (McGraw-Hill Co., 11)37) for additional 
values. 


Thermal Convection Equation 

= he ik - k) (2) 

This rate equation states that the thermal convection current per unit 
transfer area {dg)/{dA), Btu per hour per square foot, is proportional to 
the temperature difference, (4 — 4) which is the temperature of the 
surface less that of the fluids The proportionality factor is termed the 
unit convection conductance (sometimes called the film coefficient), Ac, 
Btu per hour per square foot per degree Fahrenheit. These convection 
conditions are illustrated in Fig. 1. 

The heat transmission by free or natural convection can be conveniently 
expressed as in Equation 2a: 


irbr 


Qc = heat transmission by convection, Btu per square foot per hour. 

C = a constant depending upon the surface shape. 

D = diameter of pipe or circular duct or height of vertical wall, inches. 

(Effect of diameter or height becomes constant at 24 in.) 

T av. — average wall surface and surrounding air temperature, degrees Fahrenheit 
absolute. 

dt — temperature excess between wall surface and surrounding air, degrees 
Fahrenheit. 

For horizontal cylinders, the value of C = 1.016 has been well estab- 
lished by various investigations. For vertical plates, the value of C = 
1.394 has been fairly well established. A value of C = 1.79 for horizontal 
plates warmer than the surrounding air facing upward and 0.89 for 
horizontal plates warmer than air facing downward is indicated by recent 
investigations^. 

*The particular fluid temperature to use for a given system will be noted under the discussion of that 
system. 

4The Transmission of Heat by Radiation and Convection, by Griffith and Davis {Special Report No. 0, 
1922, Department of Scientific and Industrial Research, His Majesty’s Stationery Office, London, England). 
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The heat transmission by free convection from vertical walls 24 in. or 
more in height is given in Table 2 as calculated from Equation 2a for 
ambient air temperature of 80 F. The values in Table 2 will not be 
changed appreciably by a considerable change in air temperature for a 
given temperature excess. For instance, a change in air temperature 
from 80 to 40 F will increase the heat transmission given in Table 2 
by only 1.3 per cent. 

Table 2 can also be used for calculating the free convection rate of 
transmission for various commercial shapes such as pipes and ducts. 
These calculations are simplified by the use of the factors in Tables 3 
and 4. Table 3 gives factors by which the values in Table 2 must be 
multiplied to obtain the free convective transfer from various shapes 
whose characteristic dimensions are 24 in. or over, and Table 4 gives the 


Table 2. Heat Transmission by Free Convection for Large Vertical Surfaces 
Expressed in Btu per square foot per hour 


Temperature Difference between Body and Surrounding Still Air at SO F 


Deg 

F 

0 

10 

20 

30 

i 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

0 

0 

4.4 

10.4 

17.4 

25.0 

33.2 

41.8 

50.6 

59.9 

69.4 

79.4 

89.2 

99.4 

109.8 

1 

0.3 

4.9 

11.1 

18.1 

25.8 

34.1 

42.6 

51.5 

60.8 

70.3 

80.4 

90.2 

100.4 

110.9 

2 

0.6 

5.5 

11.8 

18.9 

26.7 

34.9 

43.5 

52.4 

61.8 

71.3 

81.4 

91.2 

101.5 

112.0 

3 

1.0 

6.0 

12.5 

19.7 

27.5 

35.7 

44.3 

53.4 

62.7 

72.3 

82.4 

92.2 

102.6 

113.0 

4 

1.4 

6.6 

13.2 

20.5 

28.3 

36.6 

45.2 

54.3 

63.7 

73.3 

83.3 

93.3 

103.6 

114.1 

5 

1.8 

7.3 

13.9 

21.2 

29.2 

37.4 

46.1 

55.2 

64.6 

74.3 

84.2 

94.3 

104.7 

115.2 

6 

2.3 

7.9 

14.6 

22.0 

30.0 

38,3 

47.0 

56.1 

65.6 

75.3 

85.2 

95.3 

105.7 

116.3 

7 

2.8 

8.5 

15.3 

22.7 

30.8 

39.1 

47.8 

57.1 

66.5 

76.3 

86.2 

96.3 

106.7 

117.3 

8 

3.3 

9.1 

16.0 

23.5 

31.6 

40.0 

48.7 

58.0 

67.5 

77.4 

87.2 

97.4 

107.8 

118.4 

9 

3.8 

9.7 

16.7 

24.3 

32.4 

40.9 

49.7 

59.0 

68.4 

78.4 

88.2 

98.4 

108.8 

119.5 


Table 3. Free Convection Factors for Various Shapes 


Shapes 

Factor 

Honzont^l cylin<i^rs 24 in. in diam- or ovor __ 

0.73 

J.ong vertical cylin<ierp 24 in. in Hiam. nr nvf»r 

i 0-88 

V<»rtir^il pifltpjs 24 in. in hpiglit nr nvf^r . 


Horizontal plat^^R warmpr tlian air fftring upward _ _ 

1.28 

Horizontal plat<“S Wfirnier tli^m air faring downward 

0.64 

Hori^nntal plates rooler tlian air faring upward , .. 

0.64 

Horiz.ontf*! plat^'^P roolf^r tlif«n nir flaring downward 

1.28 



Table 4. Free Convection Factors for Various Diameter Pipes 
OR Various Height Plates 


Actual 0 . d., or height, in 

Factor 

1 

2 

3 

4 

5 

6 

7 

8 

1.88 

1.64 

1.52 

1.43 

1.37 

1.32 

1.28 

1.25 

Actual 0 . d,, or height, in 

9 

10 

12 

14 

16 

18 

20 

22 

Factor 

1.22 

1.19 

1.15 

1.11 

1.09 

1.06 

1.04 

1.02 


71 



HEATING VENTILATING AIR CONDITIONING GUIDE 1942 


factors to be used in conjunction with the factors in Table 3 for obtaining 
the free convection from Table 2 for pipes and ducts whose characteristic 
dimensions are less than 24 in. 

For example, the free convection transfer from a 3 in. o.d. horizontal 
cylinder for a temperature difference for 40 F = 25.0 X 0.73 X 1.52 = 
27.7 Btu per square foot per hour. 

The increased rate of heat transfer due to forced convection can be 
calculated from Equation 2b: 

$fc = l + 0.225 r (2b) 

where 

gic = heat transfer by forced convection, Btu per square foot per hour per degree 
Fahrenheit temperature difference. 

V = velocity of air, feet per second. 

This equation is approximately correct for large surfaces exposed to 
air currents at temperatures of approximately 70 to 80 F. 



Thermal Radiation Equation 

(Ti^ - (3) 

This relation, which is sometimes applicable to systems in which 
radiant exchange takes between the surfaces of solids, states that the net 
radiation current per unit transfer area of surface 1, Btu per 

hour per square foot; which sees surface 2 through a non-absorbing 
medium, is proportional to the difference of the fourth powers of the 
absolute surface temperatures (Ti^ — The proportionality factor 

(ff may be conveniently separated into three parts: 

= the Stefan-Boltzmann radiation constant. 

= 1730 X 10-^ Btu per hour per square foot per degree Fahrenheit absolute 
temperature to the fourth power. 

Fa = the angle factor is dimensionless and < 1. This factor accounts for the 
relative geometry of the two surfaces, and is called the shape factor, 

Fe - the emissivity factor is also dimensionless and ^ 1. This factor accounts for 
the absorption and emission characteristics of the surfaces for the radiation 
which exists. 

The radiation conditions described are schematically shown in Fig, 3. 
Gaseous and luminous radiation will not be discussed here. 
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Table 5. Heat Transmission by Radiation for Black-Body Conditions^ 
Expressed in Btu per square foot per hour 


Temp. 

Deg 

F 

0 

-1 

-2 

-3 

-4 

-5 

-6 

-7 

-8 

-9 

-30 

59.3 

58.7 

58.2 

57.7 

57.2 

56.7 

56.2 

55.7 

55.2 

54.7 

-20 

65.2 

64.7 

64.1 

63.5 

62.9 

62.3 

61.7 

61.1 

60.5 

59.9 

-10 

71.4 

70.8 

70.1 

69.5 

68.9 

68.3 

67.7 

67.1 

66.4 

65.8 

0 

78.0 

77.4 

76.7 

76.0 

75.4 

74.7 

74.0 

73.4 

72.7 

72.1 


0 

+1 

+2 

+3 

+4 

+5 

+6 

+7 

+8 

+9 

0 

78.0 

78.7 

79.4 

80.1 

80.8 

81.5 

82.2 

82.9 

83.6 

84.3 

10 

85.0 

85.7 

86.5 

97.2 

‘ 88.0 

88.7 

89.4 

90.2 

90.9 

91.7 

20 

92.4 

93.3 

94.0 

94.8 

95.6 

96.4 

97.2 

98.0 

98.8 

99.6 

30 

100 

101 

102 

103 

104 

105 

105 

106 

107 

108 

40 

109 

no 

111 

112 

112 

113 

114 

115 

116 

117 

50 

118 

119 

120 

121 

122 

123 

123 

124 

125 

126 

60 

127 

128 

129 

130 

131 

132 

133 

134 

135 

136 

70 

137 

138 

139 

140 

142 

143 

144 

145 

146 

147 

80 

148 

149 

150 

151 

152 

153 

154 

155 

156 

157 

90 

159 

160 

161 

162 

163 

164 

166 

167 

168 

169 

100 

170 

171 

173 

174 

175 

176 

178 

179 

180 

182 

110 

183 

184 

185 

187 

188 

189 

191 

192 

193 

195 

120 

196 

197 

199 

200 

201 

203 

204 

206 

207 

209 

130 

211 

212 

214 

215 

217 

218 

220 

221 

222 

224 


^Example: Radiation from walls of room at 32 F to surface at — 25 F for effective emissivity of 0.95 =» 
(102 — 62 3) 0.95 = 37.7 Btu per square foot per hour. 


The radiation under black-body conditions, or for an emissivity of 1.0, 
is given in Table 5 for cold surfaces as low as — 39 F to warmer surfaces 
as high as 139 F. The emissivities of a number of surfaces ordinarily 
encountered in engineering practice are shown in Table 9®. 

In many problems involving heat transfer by the mechanisms of radia- 
tion and convection in parallel (simultaneous heat transfer by the two 
mechanisms to the same surface), it is algebraically convenient to employ 
a first power radiation rate equation of a form similar to Equation 2 for 
convection, namely: 

If, = ^ ~ 

where hx is the unit radiation conductance. Comparison of this equation 
with Equation 3 yields the relation : 

hx = a ^'a^'e (4 Tave’) (3b) 

where 

^ (Ti + T^) 

iave - 2 

This unit conductance Qh) is to be used with caution for its behavior is 


sHeat Insulation in Air Conditioning, by R. H. Heilman {Industrial and Engineering Chemistry, Vol. 28, 
July 1936, D. 782). 
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quite different from {he). Its use is permissible if the temperature dif- 
ference is small. 

The steady-state heat transfer problems encountered in air conditioning 
applications are not normally of the type involving action of a single mode 
of heat transfer through a single homogeneous material. Usually more 
than one of the heat transfer mechanisms is effective, and the thermal 
current flows through several thermal resistances either in a series or in 
parallel. This type of problem may best be illustrated by a consideration 
of a particular system such as the heat transfer from the air to cold water 
inside an insulated pipe, Fig. 4. Since air is sensibly transparent to 
radiation, there will be some heat transfer by both radiation and convec- 
tion to the outer insulation surface. The mechanisms act in parallel on 
the air side. The total current by radiation and convection then passes 
through the insulating layer and the pipe wall by thermal conduction, and 
thence by convection into main cold water streams. Radiation is not 



Fig. 4. Heat Transfer Conditions in the Insulated Cold Water Line 

significant on the water side as liquids are sensibly opaque to radiation, 
although water transmits energy in the visible region. The contact 
resistance between the insulation and the pipe wall is presumed to be 
equal to zero. 

Referring to Fig. 4, the thermal current for a given length N of pipe, 
gre Btu per hour, may be thought of as flowing through the parallel 
resistances Rv and Rc, associated with the insulation surface radiation and 
convection transfer. Then the flow is through the resistance offered to 
thermal conduction by the insulation, Rz, through the pipe wall resistance, 
R^y and into the water stream through the convection resistance, Ri. 
Note the analogy to the direct current electrical circuit problem. A 
temperature (potential) drop is required to overcome these resistances to 
the flow of thermal current. The total resistance to heat transfer, Rr, 
hour degrees Fahrenheit per Btu, is the summation of the individual 
resistances : 

i?T = jRl 4" ^2 “h (4) 

where the resultant parallel resistance i ?4 is obtained from: 

j^c 
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Provided the individual resistances may be evaluated, the total resistance 
can be obtained from the above relation. Then the heat transfer current 
for the length of pipe (iV, ft) can be established by the relation : 

Qrc (Btu per hour) = (5) 

For a unit length of the pipe the heat transfer rate is: 

(Btu per hour foot) = ^ (5a) 

The temperature drop, A^, through an individual resistance may then be 
calculated from the relation: 


Ai = i? qrc 


where R is the resistance in question. 

The problem is now reduced to one of evaluating the individual resist- 
ances of the system. This entails suitable integration of the rate Equa- 
tions 1, 2, 3, or 3a to produce expressions of the form: 


e 


At 

R 


(6) 


where q is the heat transfer rate, and lAt is the potential drop or tempera- 
ture difference through the resistance R. Table 6 lists such solutions for 
six different conduction systems. Table 2 in Chapter 4 and Table 1 of 
this chapter indicate the magnitudes of the thermal conductivities, k, to 
be employed in the expressions of Table 6. 

The solution applicable to the problem depicted in Fig. 4, for the 
calculation of and Rz, is case 2 in Table 6. Thus for di 1 ft length of 
2 in. nominal size pipe (I. D. = 2.067 in., O. D. = 2.375 in.) insulated 
with 1 in. of cork: 


Rt 


1.188 

1. 033 

2iu X 26 X 1 


loge 


= 8.5 X 10"* hr degree Fahrenheit per Btu. 


Rz 


loge 


2.188 

1.188 


2x X 0.025 X 1 


3.9 hr degree Fahrenheit per Btu. 


The convection resistances to heat transfer from the pipe wall to the 
cold water, Ri, and from the air to the surface of the insulating material, 
Rc, are dependent on the flow conditions prevailing at these surfaces, and 
on the thermal properties of the fluids. The unit conductances for 
thermal convection, h, Btu per hour per square foot per degree Fahrenheit, 
have been determined by test for many flow systems. These data may 
^be employed to predict the conductances for similar flow systems. Table 7 
summarizes some empirical equations expressing such test results. 

For the problem under consideration (Fig. 4) case 3 of Table 7 is 
applicable for the calculation of the cold water side convection resistance 
Ri, Corresponding to the water velocity of 5 ft per second, the mass 
velocity is: 


75 


HEATING VENTILATING AIR CONDITIONING GUIDE 1942 


Table 6 . Solutions for Some Steady-State Thermal Conduction Problems®’’ 



Expressions for the resistance R entering into 
the equation: 

q = /SJ/R (Btu per hour) 


Flat wall or curved wall if curvature is small 
(wall thickness less than 0.1 of inside dia- 
meter). 


Surface area, A 


Radial flow through a right circular cylinder. 

! IvTI-it 


Long cylinder 
of length, N ' 



“N 

ti 




A 


c 



The buried cylinder. 



Long cylinder 
of length, N 


Radial flow in a hollow sphere. 


loge-^ 

^ “ 2irkN 
(See footnote c). 


loge-^ 

R « ^ = 

2irkN 

for -^ > 3 
r 

(See footnote c). 


cosh-i — 
_r 

2vkN ■ 


The straight fin or rod heated at one end. 

n Conduction 

k cross-section 


tambient 

Finned surface of area HB. 





Surface area. HB 


R = 7— rr — r — i (see footnotes d and r). 
hsp tanh ml 

For 7nl > 2.3, tan h m / « 1 
m = ksP/kA 

A == conduction cross section area. 
p = perimeter of cross section A. 
hs = unit conductance to the surroundings 
from the fin surface. 
k = thermal conductivity fin material. 

A/ = wall temperature — ambient temp. 


/?8 m f -h s ^ H 

Ai defined as in Case 5 above. 


a The dimensions to be employed in these solutions are; length of dimension p,l,r « feet; units of it » 
Btu per hour per square foot per degree Fahrenheit for one foot thickness; units of K Btu per hour per 
square foot per degree Fahrenheit; units of area, A = square feet. 

bThe thermal conductivity, k, in these solutions should be taken at the average material temperature 
(see Table 7). 

cLoge X *« -2.303 logio x. 

QThis expression can also be employed as an approximation for tapered fins or of annular fins by emriloy- 
ing average magnitudes of .^1 and p. 
eTanh is the hyperbolic tangent. 
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0 = 5 (ft per sec) X 62.4 (lbs per cu ft) X 3600 (sec per hr) = 11.2 X 10® lb per hour 
per square foot. 

The hydraulic radius for the flow in the 2 in. line is, by definition; 

_ 7cr>2 _ 2) _ 2.067 _ 0.1725 - 
xZ)4 4 12 X 4 4 

The average water film temperature will be estimated as 36 F (mixed mean 
fluid temperature of 34 F). Then case 3, Table 7 yields: 

h = 0.00486 (1 + 0.36) 2 ^ “ square foot per de- 

gree Fahrenheit. 

The transfer area on which this conductance is based is the inside tube 
area. Associated with 1 ft length of pipe there are: 

9 nA7 

X X X 1 = 0.542 sq ft. 

Thus the resistance for 1 ft of tube length is: 


= 650 Btu per hour per square foot per de- 


h%D X 1 


650 X 0.542 


= 2.8 X 10‘® hr degree Fahrenheit per Btu* 


Case 9, Table 7 is applicable for calculating the free thermal convection 
resistance, Rq, existing between the surrounding air and the insulation. 
The air temperature is given as 120 F. As an approximation a 20 F 
temperature difference between the air and the pipe surface will be 
assumed. Then case 9 yields : 

D = = 0.364 ft. 

h - 0.23 ( TTTiTr. 1 = 0.63 Btu per hour per square foot per degree Fahrenheit. (7) 

\0.ob4/ 

This result may not be deemed conservative inasmuch as the expression 
is for still air. If, however, the air is not still, but flows at approximately 
5 mph or 7 ft per second the mass velocity corresponds to : 

G — 7 X 0.07 X 3600 = 1770 lb air per hour per square foot. 

A magnitude oik = 0.014 Btu per hour per square foot per degree Fahren- 
heit for one foot thickness applied to Case 4 yields: 




= 0.017 4- 2.8 = 2.8 Btu per hour per square foot per degree Fahrenheit. 

T his conductance is based on 1 sq ft of outside lagging area. Thus, since 

there are x X — = 1-14 sq ft of outside lagging area associated with 
12 

1 ft length of pipe: 


2.8 X 1.14 


= 0.312 hr degree Fahrenheit per Btu. 


The radiation resistance, which acts in parallel with the convection 
resistance, Rc, for the transfer of heat to the surface of the insulation, may 
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Table 7. Approximate Unit Conductances for Thermal Convection for 
Several Flow Systems^ 


Expressed in Convenient Empirical Form 

Case 

System 

Unit Conductance EquATioNb 

Forced Convection 

1. 

Longitudinal flow in cylinders, turbulent 
region. Fluid being heatedc. 

For > 3000 

2. 

For longitudinal air flow in cylinders case 1 
reduces toc. 

h = 0 0036 C0-V(4rH)“-= 

For > 3000 

3. 

For longitudinal water flow in cylinders case 1 
reduces toc. 

h - 0 00486 (1 + 0 010 

For ) > 3000 

4. 

Air flow normal to a single right circular 
cylinder. 

h = 0.45 + 0.178 G»-s« (+)" “ 

5. 

Air flow over staggered pipe banks. 

h = 0061 j 

G, 

Air flow over single spheres. 

r:»*62 

0 < < < 250 F 

7. 

Air flow over plane surfaces. 

h = 1 + 0 22 Fs 

For Fs < 16 ft per second 
orh = 0.53 Fb®-^ 

16 ft per second < Fs < 100 ft per second 

8. 

Air flow normal to finned cylinders. 

/ G \®*8 
^ ® ( 3600 ) 

0 < / < 250 F 


Free CoNVECTioNd 


9. 

Single horizontal right circular cylinder in air. 

/ A/ \0-23 

5 = 023 (^) 

10. 

1 

Single vertical right circular cylinder in air. 

h = 0.22 (^) 

11. i 

Vertical surfaces in air. 

k = 0.3 (AO®-®® 

12. 

Top surface of horizontal plates to air. 

h = 0.4 (AO ®-« 

13. 

Bottom surface of honzontal plates to air. 

h « 0.2 (AO®-®® 


aHeat Transmission, by W. H, McAdams. 
bFluid properties should be evaluated at the 
divided by 2. 

cThese expressions are applicable to longitudinal flow in other than right circular cylinders provided the 
hydraulic radius is employed as the conduit dimension parameter. For right circular cylinders =» D, 
dFor low rates of heat transfer by free convection the exponent decreases towards zero, and for higher 
rates increases towards 0.33. The following equations employing an exponent equal to 0.25 are applicable 
in the intermediate range. 


arithmetic mean fluid temperature, tt •» (^gm-f^ce 4- ^fluid) 
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NOMENCLATURE AND DIMENSIONS FOR TABLE 7 

i:p = fluid unit heat capacity at constant pressure, Btu per pound per degree 
Fahrenheit. 

D = cylinder diameter, feet. 

G = Fsy = fluid mass velocity, pounds per hour per square foot of flow cross 
section. 

y = densit 3 ^ pounds per cubic foot. 

k = unit conductance for thermal convection, Btu per hour per square foot per 
degree Fahrenheit. 

k — unit thermal conductivity of the fluid, Btu per hour per square foot per degree 
Fahrenheit for one foot thickness. 

= hydraulic radius of the flow cross section*^. 

= flow cross section area per wetted perimeter, feet. 

5 = fin spacing, feet. 

t — average fluid film temperature, degree Fahrenheit. 

— temperature difference surface to main fluid, degree Fahrenheit. 

Vs == fluid velocity, foot per second. 

[I = fluid viscosity, pounds per hour per foot. 

viscosity in centipoises X 2.42 = viscosity in pounds per hour per foot. 

be calculated by means of Equation 3b. For the purposes of this illus- 
strative problem it will be assumed that the insulated pipe is exposed to 
(sees) surroundings, which exist at 120 F. For this condition case 2, Table 8 
is applicable. Then the angle factor, Fa, is unity and for an estimated 
surface emissivity of 0.9 (see Table 9), Fe = 0.9. As a first approximation 
the insulation surface temperature will be estimated as 20 F lower than 
the surroundings at 120 F. Thus /ave = 110 F and Tave = (460 + 110) 
degree absolute temperature. (Note that even if the assumed tempera- 
ture difference is in error by 10 F this fact will only affect T^ve by 
2 per cent. Then by Equation 3b : 

kr = 1730 X 10"^® X 1 X 0.9 X 4 (460 + llO)® = 1.15 Btu per hour per square foot 
per degree Fahrenheit. 

The outside surface area of the insulation associated with 1 ft of pipe 
length was previously calculated as 1.14 sq ft. Thus: 

” ' i IK w 1 hr degree Fahrenheit per Btu. 

i.lo X 1.14 

Table 8. Angle Factors, Fa, and Emissivity Factors, Fe, for Two 
Radiant Heat Transfer Systems^ 


Case 

System 

Fa 

Fe 

1. 

Large parallel planes 

1 

— + — 1 

ei 62 

2. 

Completely enclosed body small compared 
to the enclosing body. Enclosed body of 

1 

ei 


area Ai. 




aSolutions for other systems are available in Heat Transmission, by W. H. McAdams, e denotes the 
surface emissivity, see Table 9. 
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Table 9. Some Low Temperature Radiation Emissivities for 
Commercial Surfaces^ 

Surface 

Emissivity 

e 

Metal Surfaces 

Aluminum: 

Clean plate 

0.04-0.06 


Strnnp-ly nyiHi/pH . ____ 

0.11-0.19 


Brass; 

Polished 

0.096 


Dull finish 

0.22 


Strongly oxidized 

0.6 


Copper: 

Polished 

0.023 


Clean 

0.07 


Strongly oyidizoH , . . 

0.8 


Cast Iron, rough, strongly oxidized 

0.95 


Sheet Iron 

0.87 


Steel Plate, rough 

0,94—0.97 


Wrought Iron, dull oxidized 

0.94 


Zinc, Galvanized Sheet Iron: 

Fairly bright 

0.228 


Gray, oxidized 

0.276 




Painted Surfaces 

Aluminum paint 

Other pigment paints 

0.3-0.7 

0.8-0.95 


Miscellaneous 

Asbestos board 

0.96 


Asbestos paper. 

0.93—0.945 


Carbon, candle soot 

0.952 


Glass 

0.80 


Glazed brick. 

0.75 


Lamp black and soot 

0.90—0.97 


Linoleum 

0.85 


Marble, light gray polished 

0.931 


Plaster. 

Porcelain, glazed 

0.90—0.95 

0.95 

0.924 


Roofing paper. 

0.91 


Rough brick. 

O.SO— 0.93 


Rough concrete 

0.95 


Rough mortar 

Smooth concrete 

0.91 

0.90 


Stone 

Water 

Wood unpolished.- 

0.87 

0.95 

0.89 





aThese emissivities should not be employed for solar radiation calculations. For this type of calculation 
reference should be made to Heat Transmission, by W. H, McAdams and The Calculation of Heat Trans- 
mission, by Margaret Fishenden and Owen A. Sunders. 
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The resultant resistance of Rc and i?r acting in parallel (see Fig. 4) can 
now be evaluated as : 

^ ^ ^ = 4.51 Btu per hour per degree Fahrenheit. 

Ri = 0.222 hr degree Fahrenheit per Btu. 

The individual resistances for a 1 ft length of pipe applying to the 
illustrative problem depicted in Fig. 4 have now been calculated and are 
summarized as follows: 

Ri convection from the pipe wall to the cold water = 2.8 X 10“3 hr degree Fahren- 
heit per Btu. 

i?2 conduction through the pipe wall = 8.5 X hr degree Fahrenheit per Btu. 

Rs conduction through the cork insulation = 3.9 hr degree Fahrenheit per Btu. 

Ri parallel convection and radiation from the surroundings = 0.22 hr per degree 
Fahrenheit per Btu. 

Then 

Rt the overall resistance surroundings to cold water — Ri R 2 Rz + Ri =4.1 
hr degree Fahrenheit per Btu. 

Note that the controlling resistances are Rs and i^. That is, the neglect 
of Ri and R 2 would not significantly influence the total resistance, Rt. 

On the basis of this resistance calculation the heat transfer from the 
surroundings to the cold water may be evaluated as : 

Qtc 120 “* 34 01 dj. 1- f 4. 

^ s= — = 21 Btu per hour per foot. 

N Rt 4.1 

or about 0.175 tons of refrigeration per 100 ft of pipe. 

Since the calculation is based on a 1 ft pipe length: 

^rc = 21 Btu per hour. 

The temperature drops through the various resistances are now readily 
evaluated by Equation 6 as: 

At air to insulation surface = Ri qrc = 0.22 X 21 = 4.6 F. 

At through the insulation = jRs ffrc = 3.9 X 21 = 82 F. 

At through the pipe wall = R 2 Qtc — 8.5 X 10"* X 21 = 0.02 F. 

At pipe wall to cold water = Ri qrc — 2.8 X 10"® X 21 = 0.06 F. 

The solution was obtained on the assumption that the air temperature 
and the outside temperature differed by 20 F. In order to obtain a slightly 
better estimate of the rate of heat transfer the numerical solution should 
be repeated using the temperatures calculated from the previous listed 
temperature differences. 

The foregoing problem serves to illustrate a general method of solving 
steady-state heat transfer problems. There are many problems which 
cannot be approximated by steady-state solutions. For instance, the 
problem of pipe line insulation in transient service; the behavior of auto- 
matically controlled thermofiow circuits; or the periodic absorption of 
solar energy by roof and wall structures during the day and nocturnal 
radiation to the cold sky at night. The transient heat transfer problem 
differs from the steady-state in that energy storage rates need to be 
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considered. Thus thermal capacity in addition to resistance effects are 
significant. The vector sum of the thermal capacitance and resistance is 
the thermal impedance. It is not within the scope of this chapter to deal 
with many of these problems. These are, however, solutions available 
in graphical form for certain special cases. Also a general approximate 
method may be employed which is analogous to the treatment of capacit>'- 
resistance lumped parameter electrical circuits. 
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Chapter 4 


HEAT TRANSMISSION COEFFICIENTS 
AND TABLES 

Methods of Heat Transfer, Coefficients, Conductivity of 
Homogeneous Materials, Surface Conductance Coefficients, 

Air Space Conductance, Practical Coefficients, Table of Con^ 
ductivities and Conductances, Tables of Overfall Coefficients 
of Heat Transfer for Typical Building Construction, Combined 
Coefficients of Transmission 

I N order to maintain comfortable living temperatures within a building 
it is necessary to supply heat at the same rate that it is lost from the 
building. The loss of heat occurs in two ways, by direct transmission 
through the various parts of the structure and by air leakage or filtration 
between the inside and outside of the building. The purpose of this 
chapter is to show methods of calculation and to give practical trans- 
mission coefficients which may be applied to various structures to deter- 
mine the heat loss by direct transmission. The amount lost by air 
filtration is determined by different methods, as outlined in Chapter 5, 
and must be added to that lost by direct transmission to obtain the total 
heating plant requirements. 

METHODS OF HEAT TRANSFER 

Heat transmission between the air on the two sides of a structure takes 
place by three methods, namely, radiation, convection and conduction. 
In a simple wall built up of two layers of homogeneous materials separated 
to give an air space between them, heat will be received from the high 
temperature surface by radiation, convection and conduction. It will 
then be conducted through the homogeneous interior section by con- 
duction and carried across to the opposite surface of the air space by 
radiation, conduction and convection. From here it will be carried by 
conduction through to the outer surface and leave the outer surface by 
radiation, convection and conduction. The process of heat transfer 
through a built-up wall section is complicated in theory, but in practice 
it is simplified by dividing a wall into its component parts and considering 
the transmission through each part separately. Thus the average wall 
may be divided into external surfaces, homogeneous materials and interior 
air spaces. Practical heat transmission coefficients may be derived which 
will give the total heat transferred by radiation, conduction and convec- 
tion through any of these component parts and if the selection and method 
of applying these individual coefficients is thoroughly understood it is 
usually a comparatively simple matter to calculate the over-all heat 
transmission coefficient for any combination of materials. 
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HEAT TRANSFER COEFFICIENTS 

The symbols representing the various coefficients of heat transmission 
and their definitions are as follows: 

U == thermal transmittance or over-all coefficient of heat transmission; the amount of 
heat expressed in Btu transmitted in one hour per square foot of the wall, floor, roof or 
ceiling for a difference in temperature of 1 F between the air on the inside and that on 
the outside of the wall, floor, roof or ceiling. 

k — thermal conductivity; the amount of heat expressed in Btu transmitted in one 
hour through 1 sq ft of a homogeneous material 1 in. thick for a difference in temperature 
of 1 F between the two surfaces of the material. The conductivity of any material 
depends on the structure of the material and its density. Heavy or dense materials, the 
weight of which per cubic foot is high, usually transmit more heat than light or less dense 
materials, the weight of which per cubic foot is low. 

C — thermal conductance; the amount of heat expressed in Btu transmitted in one 
hour through 1 sq ft of a non-homogeneous material for the thickness or type under 
consideration for a difference in temperature of 1 F between the two surfaces of the 
material. Conductance is usually used to designate the heat transmitted through such 
heterogeneous materials as plasterboard and hollow clay tile. 

/ = film or surface conductance; the amount of heat expressed in Btu transmitted by 
radiation, conduction and convection from a surface to the air surrounding it, or vice 
versa, in one hour per square foot of the surface for a difference in temperature of 1 F 
between the surface and the surrounding air. To differentiate between inside and outside 
wall (or floor, roof or ceiling) surfaces, /i is used to designate the inside film or surface 
conductance and Jo the outside film or surface conductance. 

a = thermal conductance of an air space; the amount of heat expressed in Btu trans- 
mitted by radiation, conduction and convection in one hour through an area of 1 sq ft of 
an air space for a temperature difference of 1 F. The conductance of an air space depends 
on the mean absolute temperature, the width, the position and the character of the 
materials enclosing it. 

R = resistance or resistivity which is the reciprocal of transmission, conductance, 
or conductivity, i.e,: 


= over-all or air-to-air resistance. 
= internal resistivity. 

= internal resistance. 


-j- = film or surface resistance. 
= air space resistance. 


As an example in the application of these coefficients assume a wall 
with over-all coefficient U. Then, 

( 1 ) 

where 

H = Btu per hour transmitted through the material of the wall, glass, roof or 
floor. 

A = area in square feet of wall, glass, roof, floor, or material, taken from building 
plans or actually measured. (Use the net inside or heated surface dimensions 
in all cases.) 

i ^ to — temperature difference between inside and outside air, in which t must always 
be taken at the proper level. Note that t may not be the breathing-line 
temperature in all cases. 
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If the heat transfer between the air and the inside surface of the wall 
is being considered, then, 


( 2 ) 

where 

fi = inside surface conductance. 

/ and = the temperatures of the inside air and the inside surface of the wall re- 
spectively. 

In practice it is usually the over-all heat transmission coefficient that is 
required. This may be determined by a test of the complete wall, or 
it may be obtained from the individual coefficients by calculation. The 
simplest method of combining the coefficients for the individual parts of 
the wall is to use the reciprocals of the coefficients and treat them as 
resistance units. The total over-all resistance of a wall is equal numeri- 
cally to the sum of the resistances of the various parts, and the reciprocal 
of the over-all resistance is likewise the over-all heat transmission coef- 
ficient of the wall. For a wall built up of a single homogeneous material 
of conductivity k and x inches thick the over-all resistance. 


U 



(3) 


If the coefficients /i,/o and k, together with the thiclmess of the material 
X are known, the over-all coefficient U may be readily calculated as the 
reciprocal of the total heat resistance. 

For a compound wall built up of three homogeneous materials having 
conductivities ^i, and kz and thicknesses Xij oc^ and Xz respectively, and 
laid together without air spaces, the total resistance. 


u 







(4) 


For a wall with air space construction consisting of two homogeneous 
materials of thicknesses X\ and x%, and conductivities ki and ^2, respectively, 
separated to form an air space of conductance a, the over-all resistance, 


U 





( 6 ) 


Likewise any combination of homogeneous materials and air spaces can 
be put into the wall and the over-all resistance of the combination may be 
calculated by adding the resistances of the individual sections of the wall. 
In certain special forms of construction such as tile with irregular air 
spaces it is necessary to consider the conductance C of the unit as built 
instead of the unit conductivity k, and the resistance of the section is 

equal to The method of calculating the over-all heat transmission 

coefficient for a given wall is comparatively simple, but the selection of 
the proper coefficients is often complicated. In some cases the construc- 
tion of the wall is such that the substituting of coefficients in the accepted 
formula will give erroneous results. This is the case with irregular cored 
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out air spaces in concrete and tile blocks, and walls in which there are 
parallel paths for heat flow through materials having different heat 
resistances. In such cases it is necessary to resort to test methods to 
check the calculations, and in practically all cases it has been necessary 
to determine fundamental coefficients by test methods. 

Conductivity of Homogeneous Materials 

The thermal conductivity of homogeneous materials is affected by 
several factors. Among these are the density of the material, the amount 
of moisture present, the mean temperature at which the coefficient is 
determined, and for fiberous materials the arrangement of fiber in the 
material. There are many fiberous materials used in building construc- 
tion and considered as homogeneous for the purpose of calculation, 
whereas they are not really homogeneous but are merely considered so as a 
matter of convenience. In general, the thermal conductivity of a material 
increases directly with the density of the material, increases with the 
amount of moisture present, and increases with the mean temperature at 
which the coefficient is determined. The rate of increase for these various 
factors is not the same for all materials, and in assigning proper coef- 
ficients one should make certain that they apply for the conditions under 
which the material is to be used in a wall. Failure to do this may result 
in serious errors in the final coefficients. 

Surface Conductance Coefficients 

Heat is transmitted to or from the surface of a wall by a combination 
of radiation, convection and conduction. The coefficient will be affected 
by any factor which has an influence on any one of these three methods of 
transfer. The amount of heat by radiation is controlled by the character 
of the surface and the temperature difference between it and the sur- 
rounding objects. The amount of heat by conduction and convection is 
controlled largely by the roughness of the surface, by the air movement 
over the surface and by the temperature difference between the air and 
the surface. Because of these variables the surface coefficients may be 
subject to wide fluctuations for different materials and different con- 
ditions. The inside and outside coefficients /i and/o are in general affected 
to the same extent by these various factors and test coefficients deter- 
mined for inside surfaces will apply equally well to outside surfaces under 
like conditions. Values for fi in still and moving air at different mean 
temperatures have been determined for various building materials^ 

The relation obtained between surface conductances for different 
materials at mean temperatures of 20 F is shown in Fig. 1. These values 
were obtained with air flow parallel to the surface and from other tests in 
which the angle of incidence between the direction of air flow and the 
surface was varied from zero to 90 F it would appear that these values 
might be lowered approximately 15 per cent for average conditions. 
While for average building materials there is a difference due to mean 
temperature, the greatest variation in these coefficients is caused by the 
character of the surface and the wind velocity. If other surfaces, such as 
aluminum foil with low emissivity coefficients were substituted, a large 


lA.S.H.V.E. Research Report No. 809 — Surface Conductances as Affected by Air Velocity, Tempera- 
ture and Character of Surface, by F. B. Rowley. A. B Algren and J. L Blackshaw (.‘\.S.H.V.E. Tra.nsac- 
TiONS, Vol. 36, 1930, p. 429). 
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part of the radiant heat would be eliminated. This would reduce the 
total coefficient for all wind velocities by about 0.7 Btu and would make 
but very little difference for the higher wind velocities. In many cases in 
building construction the heat resistance of the internal parts of the wall 
is high as compared with the surface resistance and the surface factors 
become of small importance. In other cases such as single glass windows 
the surface resistances constitute practically the entire resistance of the 
structure, and therefore become important factors. Due to the wide 
variation in surface coefficients for different conditions their selection for 
a practical building becomes a matter of judgment. In calculating the 



Fig. 1. Curves Showing Relation Between Surface Conductances for 
Different Surfaces at 20 F Mean Temperature 

over-all coefficients for the walls of Tables 3 to 12, 1.65 has been selected 
as an average inside coefficient and 6.0 as an average outside coefficient 
for a 15-mile wind velocity. In special cases where surface coefficients 
become important factors in the over-all rate of heat transfer more 
selective coefficients may be required. 

The surface conductance values given in Table 1, Section A are based 
on recent tests and are for still air conditions and emissivities of 0.83 and 
0.05, respectively. 

Air Space Conductance 

Heat is conducted across an air space by a combination of radiation, 
conduction and convection. The amount of heat by radiation is governed 
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Table 1. Conductances (C) for Surfaces and Air Spaces 

All conductance values expressed in Btu Per hour per square foot per degree 
Fahrenheit temperature difference. 


Section A. Surface Conductances for Still Air^ 


Position 

OF Surface 

Direction 

OF Heat Flow 

Surface Emissivity 

e = 083 

e = 0.05 

Horizontal 

Upward 

1.95 

1.16 

Horizontal 

Downward 

1.21 

0.44 

Vertical 


1.52 

0.74 


Section B. 

Mean I 


Conductance of Vertical Spaces at Various Mean Temperaturesb 
Conductances of Air Spaces for Various Widths in Inches 


Temp 


Deg Fahr 

0.128 

0.250 

0.364 

0.493 

0 713 

1.00 

1.500 

20 

2.300 


■■■rail 

1.100 

1.040 

1.030 

1.022 

30 

2.385 

1.425 


1.148 

1.080 

1.070 

1.065 

40 

2.470 

1480 


1.193 

1.125 

1.112 

1.105 

50 

2.560 

1.535 


1.242 

1.168 

1.152 

1.149 

60 

2.650 

1.590 


1.295 

1.210 

1.195 

1.188 

70 

2.730 

1.648 


1.340 

1.250 

1.240 

1.228 

80 

2.819 

1.702 


1.390 

1.295 

1.280 

1.270 

90 

2.908 

1.757 


1.433 

1340 

1.320 

1.310 

100 

2.990 

1.813 


1.486 

1.380 

1.362 

1.350 

110 

3.078 

1.870 

1.650 

1.534 

1.425 

1.402 

1.392 

120 

3.167 

1.928 

1.700 

1.580 

1.467 

1.445 

1.435 

130 

3.250 

1.980 

1.750 

1.630 

1.510 

1.485 

1.475 

140 

3.340 

2.035 

1.800 

1.680 

1.550 

1.530 

1,519 

150 

3.425 

2.090 

1.852 

1.728 

1.592 

1.569 

1.559 


Section G. Conductances and Resistances of Air Spaces 
Faced with Reflective Insulationc 


1 

Location and 
Position of 

Air Space 

Direction 

OF 

Heat 

Flow 

Temp<* 

Diff 

Deg Fahr 

Conductance* 

(C) 

Resistance* 

(r) 

Winter 

Summer 

No. of Air Spaces 

No. of Air Spaces 

1 

2 

3 

1 

2 

3 

Rafter Space 










(8 in.) 










Horizontal 

Down 

45 



0.10 

0.07 


10.00 

14.29 

Horizontal 

Up 

45 



0.27 

0.17 


3.70 

5.88 

Horizontal 

Down 


25 


0.09 

0.06 


11.11 

16.67 

Horizontal 

Up 


25 


0.24 

0.16 


4.17 

6.25 

30 deg slope 

Down 

45 



0.15 

0.10 


6.07 

10.00 

30 deg slope 

Up 

45 



0.25 

0.17 


4.00 

5.88 

30 deg slope 

Down 


25 


0.13 

0.09 


7.69 

11.11 

30 deg slope 

Up 


25 


0.23 

0.14 


4-35 

7 14 

Stud Space 










(3H in.) 










vertical/ 


30 


0.34 



2.94 



Vertical 


40 



0.23 

0.13 


4.35 

7.69 

Vertical/ 



15 

0.32 



3.13 



Vertical 



20 


0.18 

0.11 


5.50 

9.09 

Vertical 


30 


0.46 



2.17 




aRadiation and Convection from Surfaces in Various Positions, by G. B. Wilkes and C. M. F. Peterson 
(A.S.H.V.E. Transactions, Vol. 44, 1938, p. 513). 

bA S.H.V.E. Research Report No. 825 — Thermal Resistance of Air Spaces, by F. B. Rowley and A. B, 
Algren (A.S.H.V.E. Transactions, Vol. 35, 1929, p. 165), 

cThermal Test Coefficients of Aluminum Insulation for Buildings, by G. B. Wilkes, F. G. Hechler and 
E. R. Queer (A.S H.V.E. Transactions. Vol. 46, 1940). ■ 

<*Temperature difference is based on total space between plaster base and sheathing, flooring or roofing. 
•These air space conductance and resistance values are based on one reflective surface (aluminum) 
having an emissivity of 0 05 facing each space and are based on total space between plaster base and sheath- 
ing, flooring or roofing. The rafter and stud spaces are divided into equal spaces. 

■^Stud space is lined on plaster base side w’ith loose paper with aluminum on surface facing air space. 
The resistance of the small air space between the plaster base and paper was 0.43. 

^Radiation and Convection Across Air Spaces in Frame Construction, by G. B. Wilkes and C. M, F. 
Peterson (A S.H.V.E. Transactions, Vol. 43, 1937, p. 351), 
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largely by the nature of the surface and the temperature difference 
between the boundary surfaces of the air space. Conduction and con- 
vection are controlled largely by the width and shape of the air space and 
the roughness of the boundary surfaces. 

The conductances of vertical air spaces bounded by such materials as 
paper, wood, plaster, etc., are given in Table 1, Section B, having emis- 
sivity coefficients of 0.8 or higher, and with extended parallel surfaces 
perpendicular to the direction of heat flow. A conductance of 1.10 Btu 
per hour per square foot per degree Fahrenheit temperature difference 
(resistance = 0.91) based on this table was used for calculating the 
overall coefficients given in Tables 3 to 12 inclusive for air spaces ^ in. 
or more in width. Air space tests^ reported by Wilkes and Peterson 
resulted in comparable values. For 3^ in. horizontal air spaces having 
an effective emissivity of 0.83, the conductance for heat flow upward was 
1.32 and for heat flow downward, 0.94. The conductance for a similar 
vertical air space was 1.17, the resistances of course being the reciprocals 
of these values in each case. 

A large part of the heat transferred across air spaces bounded by ordi- 
nary materials is by radiation. Therefore, if such air spaces are faced 
with metallic surfaces such as aluminum foil, coated sheet steel or other 
low-emissivity, infra-red reflective metal surfaces, the radiant heat trans- 
fer will be substantially reduced, thus causing the major portion of the 
remaining transmitted heat to be by convection. Table 1, Section C, 
gives conductances and resistances for air spaces bounded by one reflec- 
tive surface having an emissivity of 0.05. It will be noted that the con- 
ductance values given in this table are a function of the temperature 
differences across the space rather than mean temperature, the larger 
the temperature difference, the larger the conductance. The radiant heat 
transfer is the same regardless of whether the low emissivity surface is on 
the high or low temperature surface of the space, and is independent of 
the width of the space. To minimize the convection transfer the vertical 
air space should be at least ^ in. in width. A conductance of 0.46 was 
used for computing the overall coefficients in Tables 3 to 12 inclusive for 
air spaces bounded by aluminum foil applied to plasterboard. 

When referring to reflective heat-insulating surfaces, the term brightness 
which deals with visible light has no specific meaning and should be 
avoided®. Emissivity and reflectivity definitely define the radiating and 
reflecting properties and values may be determined directly for long wave- 
length radiation corresponding to room temperature. As previously 
stated, the values in Table 1, Section C, are based on an emissivity of the 
reflective surface of 0.05. Obviously for higher emissivity values the 
conductances will increase accordingly. For example, non-metallic reflec- 
tive materials are available having emissivity values approximately 
midway between those of metallic reflective insulations and ordinary 
building material surfaces. These materials will have a correspondingly 
higher radiant heat transfer and where such materials are under con- 
sideration, due allowance should be made for the higher emissivity value 
in arriving at the proper air space conductance. 

^Radiation and Convection Across Air Spaces in Frame Construction, by G. B. Wilkes and C. M. F. 
Peterson (A.S.H.V.E. Transactions, Vol. 43, 1937, p. 351). 

•Some Reflection and Radiation Characteristics of Aluminum, by C. S. Taylor and J. D. Edwards 
(A.S.H.V,E. Transactions, Vol. 45, 1939, p. 179). 
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Where reflective insulating materials are involved the possible increase 
in the emissivity coefficient due to surface coatings or chemical action^ 
should be studied by the engineer in order to satisfy himself as to the 
permanence of the reflective surface for the conditions under which this 
material will be used. In making installations of this material the par- 
titions between air spaces should be tight, particularly at the top and 
bottom so that air cannot circulate between adjacent spaces. 

When reflective insulating materials are installed with multiple air 
spaces, the position (vertical, horizontal or inclined) of the material in the 
structure must be taken into consideration. For example, the resistance 
to heat flow upward is about one-third that of downward flow in a hori- 
zontal position in the same construction, as will be apparent from Table 
1, Section C. However, the difference between upward heat flow through 
single horizontal or sloping air spaces and through single vertical air 
spaces is comparatively small for the same temperature difference. Con- 
sequently the same conductance value (0.46) was used for computing the 
coefficients in Tables 8 and 12, involving horizontal and sloping air 
spaces bounded on one side by aluminum foil applied to plasterboard, as 
for similar vertical air spaces in Tables 3, 4, 5 and 6. 

As already stated, a conductance value of 1.10 was similarly used in all 
cases for calculating the coefficients of construction involving vertical, 
horizontal and sloping air spaces bounded on both sides by ordinary 
building materials. 


PRACTICAL COEFFICIENTS 

For practical purposes it is necessary to have average coefficients that 
may be applied to various materials and types of construction without 
the necessity of making tests on the individual material or combination of 
materials. In Table 2 coefficients are given for a group of materials which 
have been selected from various sources. Wherever possible the proper- 
ties of material and conditions of tests are given. However, in selecting 
and applying these values to any construction a reasonable amount of 
caution is necessary; variations will be found in the coefficients for the 
same materials, which may be partly due to different test methods used 
but which are largely due to variations in materials. The recommended 
coefficients which have been used for the calculation of over-all coefficients 
as given in Tables 3 to 12 are marked by an asterisk. 

It should be recognized in these tables of calculated coefficients that 
space limitations will not permit the inclusion of all the combinations of 
materials that are used in building construction and the varied applications 
of insulating materials to these constructions. Typical examples are given 
of combinations frequently used, but any special construction not given in 
Tables 3 to 12 can generally be computed by using the conductivity values 
given in Table 2 and the fundamental heat transfer formulae. For 
example, the tabulation of all of the values for multiple layers of insulating 
materials would present extensive and detailed problems of calculations 
for the varied application combinations, but the engineer having the 
f undamen tal conductivity values can quickly obtain the proper coefficien ts. 


‘‘Thermal Test Coefficients of Aluminum Insulation for Buildings, by G. B. Wilkes, F. G. Hechler and 
E. R. Queer (A.S.H.V.E. Transactions, VoI. 46, 1940). 
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Attention is called to the fact that the conductivity values per inch of 
thickness do not afford a true basis for comparison between insulating 
materials as applied, although they are frequently used for that purpose. 
The value of an insulating material is measured in terms of the coef- 
ficient (Z7i) of the insulated construction as compared to the coefficient 
(U) of the construction without insulation. Certain types of blanket 
insulations are designed to be installed between the studs of a frame 
building in such manner as to give two air spaces. In order to get the full 
value of such materials they should be so installed that each air space is 
approximately 1 in. or more in thickness and the air spaces should be 
sealed at the top and bottom to prevent the circulation of air from one 
space to the other. Another common error in installing such a material 
is to nail the blanket on the outside of the studs underneath the sheathing, 
in which case one air space is lost and also the thickness of the insulating 
material is materially reduced at the studs. There are certain other types 
of insulation which are very porous, allowing air circulation within the 
material if not properly installed. The architect or engineer must care- 
fully evaluate the economic considerations involved in the selection of an 
insulating material as adapted to various building constructions. Lack of 
good judgment in the intelligent choice of an insulating material, or its 
improper installation, frequently represents the difference between good 
or unsatisfactory results. 


Computed Transmission Coefficients 

Computed heat transmission coefficients of many common types of 
building construction are given in Tables 3 to 13, inclusive, each con- 
struction being identified by a serial number. For example, the coefficient 
of transmission (C7) of an 8-in. brick wall and of plaster is 0.46, and 
the number assigned to a wall of this construction is Table 3. 

Example 1, Calculate the coefficient of transmission {U) of an 8-in. brick wall with 
3^ in. of plaster applied directly to the interior surface, based on an outside wind exposure 
of 15 mph. It is assumed that the outside course is of hard (high density) brick having a 
conductivity of 9.20, and that the inside course is of common (low density) brick having 
a conductivity of 5.0, the thicknesses each being 4 in. The conductivity of the plaster is 
assumed to be 3.3, and the inside and outside surface coefficients are assumed to average 
1.65 and 6.00, respectively for still air and a 15 mph wind velocity. 

Solution, k (hard high density brick) = 9.20; x = 4.0 in.; k (common low density 
brick) = 5.0; x = 4.0 in.; k (plaster) = 3.3; x - yi in.:/i == 1.65;/o = 6.0. Therefore, 


U = 


1 


1 4.0 4.0 

6.0 9.20 5.0 



1 

1.65 


1 

0.167 -j- 0.435 4- 0.80 -f- 0.152 -f 0.606 


= 0.46 Btu per hour per square foot per degree Fahrenheit difference in tempera- 
ture between the air on the two sides. 


The coefficients in the tables were determined by calculations similar 
to those shown in Example 1, using Fundamental Formulae 3, 4 and 5 
and the values of k (or Q,fi, fo and a indicated in Table 2 by asterisks. 
In computing heat transmission coefficients of floors laid directly on the 
ground (Table 10), only one surface coefficient (/i) is used. For example, 
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the value of U for a 1-in. yellow pine floor (actual thickness, 25/32 in.) 
placed directly on 6-in. concrete on the ground, is determined as follows : 

U =s= ^ 0.48 Btu per hour per square foot per degree difference 

1 0.781 6.0 

1.65 0.80 12.0 

in temperature between the ground and the air immediately above the floor. 

Rigid insulation refers to so-called insulating board which may be used 
structurally, such as for sheathing. Flexible insulation refers to the 
blankets, quilts or semi-rigid types of insulation. 

Actual thicknesses of lumber are used in the computations rather than 
nominal thicknesses. The computations for wood shingle roofs applied 
over wood stripping are based on 1 by 4 in. wood strips, spaced 2 in. apart. 
Since no reliable figures are available concerning the conductivity of 
Spanish and French clay roofing tile, of which there are many varieties, 
the figures for such types of roofs were taken the same as for slate roofs, as 
it is probable that the values of Z7 for these two types of roofs will 
compare favorably. 

The thicknesses upon which the coefficients in Tables 3 to 13 inclusive, 
are based are as follows: 


Brick veneer 



^ in 

Plaster (on wood lath, plasterboard, rigid insulation, 

form, or corkboard) 

(roofing) , 

board 

in. 

in. 

Stucco on wire mesh reinforcing... .. n... 

1 in. 

Tar and gravel or slag-surfacefT built-up roofing 

in- 

1-in. liimhftr /’S-2-S) 

i^- 

lH“in. lumber (S-2-S) 

2-in. liimhpr . 

154 6 in. 

15>| in 

23^-in. lumber (S-2-S) 

3- in. lumber (S-2-S) 

4- in. lumber (S-2-S). 

Finish flooring (maple or oak) 

2}i in. 

2^ in. 

3% in. 

^546 in. 


Solid brick walls are based on 4 in. hard brick (high density) and the 
remainder common brick (low density). Stucco is assumed to be 1 in. 
thick on masonry walls. Where metal lath and plaster are specified, the 
metal lath is neglected. 

The coefficients of transmission of the pitched roofs in Table 12 apply 
where the roof is over a heated attic or top floor so the heat passes directly 
through the roof structure including whatever finish is applied to the 
underside of the roof rafters. 

It is the practice of many engineers in calculating heat losses to use a 
minimum coefficient of 0.10 to allow for possible defects in workmanship, 
poor construction and other factors which would increase the heat loss. 
The lower the theoretical wall or roof coefficient the greater will be the 
percentage of error due to construction defects or failure of the insulation 
to perform as rated. 

Combined Coefficients of Transmission 

If the attic is unheated, the roof structure and ceiling of the top floor 
must both be taken into consideration, and the combined coefficient of 
transmission determined. The formula for calculating the combined 
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Table 2. CoNDucTi\aTiEs {k) and Conductances (C) of Building 
Materials and Insulators^ 

The coefficients are expressed in Btu per hour per square foot per degree Fahrenheit per 1 in. thickness 
unless otherwise indicated. 


Material 


Description 


Densitt 
(Lb per Cu Ft) 

Mean Temp 
(Dbg Fahr) 

S' G 

1 I 

p p 

» 1 

Q 6 

RBSISTIVrrY 

/1\ 

Resistance j 

tH 

1 

1 



5.00* 


0.20 


_____ 



9.20* 


0.11 

— 



3.56* 


0.28 




5.00“ 


0.20 

(2) 



12.00* 

0.08 




12.00* 


0.08 




11.35 to 





16 36 



(5) 

76 

75 

2 5 


4.0 

(3) 

40.0 

75 

1.06 


0.94 

(3) 

50.0 

75 

1.44 


0.69 

(3) 

60.0 

75 

1.80 


0.56 

(3) 

70.0 

75 

2.18 


0.46 

(3) 

51.2 

74 

1.66* 

0.60 

(4) 

101.0 

70 

3.98 


0.25 

(3) 

142 0 

75 

12.6 


0.08 

(4) 

132 0 

7S 

10.8 


0.09 

(4) 

97 0 

75 

4.9 


0.22 

(4) 

75.0 

75 

4.0 


0.25 

(4) 

76 0 

70 

1.6 


0.63 

(3) 

20 

90 

0 68 


1 47 

(3) 

26 7 

90 

0 76 


1 32 

(3) 

35 

90 

0 86 


1.16 

(3) 

50 

90 

1 10 


0 91 

(3) 



12.50* 

0.08 




12.00" 


0.08 




1.001 

* 

1.00 




0.641 

* 

1.57 




0.601 

* 

1.67 




0.581 

* 

1.72 




0.401 

Dt 

2.50 




0.311 


3.23 


i76T6“ 

llT 

1.00- 


1.00 

(T) 

127.0 

lOO 

0,601 


1.67 

h) 

124.3 

105 

0.471 


2.13 

(2) 



0.46 


2.18 


"siX 

70 

1.66 


0.60 

(4) 

75.6 

76 

2.96 


0.34 

(4) 


— 

12.00 


0.08 



MASONRY MATERIALS 


Brickwork. 


Cement Mortar. 

CnwrrR'R'.'TTi! 

— 


Stonb„^ 
Stucco^ 
Tilb 


Low density 

High density. 

‘ ’obe.. 


Damp or wet.., 
Typical 


Typical.. 

Various ages and mixes<*._ 

Concrete plank.-. 

Cellular 

Cellular 


Cellular-, 


Cellular. 


Typical fiber gypsum, 87.5% gypsum and 

12.5% wood chips 

Special concrete made with an aggregate of 

hardened clay — 1-2-3 mix. 

Sand and gravel 

Limestone — 

Cinder.., 


Burned clay aggregate.., 


Blast furnace slag aggregate 

Expanded vermicuUte aggregate.-. 
Expanded vermicuhte aggregate.-. 
Expanded vermicuhte aggregate.-. 
Expanded vermicuhte aggregate.-. 
Typical 


Typical, 


Tilb or Tbrrazzo— . 


Typical hollow clay (4 in.).- 
T^ical hollow clay 16 in.)*. 

Typical hollow clay (8 in.)« 

Typical hollow clay (lO in.)' 
laical hollow clay (12 in.)' 
laical hollow clay (l6 in.)' 

Hollow clay (2 in.) J^in. plaster both sides. 
Hollow clay (4 in.) J-l-m. plaster both sides- 
HoUow clay (6 in.) J^in. plaster both sides- 
HoUow gypsum (4 in.)- 

SoUd gypsum 

^lid gypsum 


ioonng... 


Axjthorities: 

^U. S. Bureau of Standards, t;ests based on samples submitted by manufacturers. 

*A. C. Willard, L. C. Lichty', and L. A. Harding, tests conducted at the University of Illinois. 

*J. C. Peebles, tests conducted at Armour Institute of Technology, based on samples submitted by 
manufacturers. 

<F. B. Rowley, tests conducted at the University of Minnesota. 

SA.S.H.V.E. Research Laboratory. 

«E. A. Allcut, tests conducted at the University of Toronto. 

^Lees and Charlton. . 

♦Recommended conductivities and conductances for computing heat transmission coemaents. 
fFor thickness stated or used on construction, not per 1 in. thickness. 

“For additional conductivity data see A.S.R.E. Data Book. j 

*»If outside surface of block is painted with an impervious coat of paint, add 0.07 to resistance for sand 
and gravel blocks. Add 0.18 to resistance for cinder blocks Add 0.17 to resistance for burned day aggre- 
gate blocks. 

“Recommended value. See Heating, Ventilating and Air Conditioning, by Harding and Willard, revised 

^^^See ^SJI.V.E. Research Report No. 915 — Conductivity of Concrete, by F. C. Houghten and Carl 
Gutberlet (A.S.H.V.E. Transactions, Vol. 38, 1932, p. 47). ^ . n 

•The 6-in., S-in., and 10-in. hollow tile figures are based on two cells in the direction of heat flow. The 
12-in. hollow tile is based on three cells in the direction of heat flow. The 16-in. hollow tile consists of one 
10-in. and one 6-in. tile, each having two cells in the direction of heat flow. 

•Roo^^OTWn.’ thick (1.34 lb per sq ft), covered with gravel (0.83 lb per sq ft), combined thickness 
assumed 0.25. 
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Table 2. Conductivities ( k ) and Conductances (C) of Building 
Materials and Insulators^ — Continued 

The coefficients are expressed in Btu per hour per square foot per degree Fahrenheit per 1 in. thickness 
unless otherwise indicated. 


Description 


Fine Coarse 

"X Stop 

O-No. 4 N0.4-J4 


MASONRY MATERIALS 
—•Continued 

Steam Treated Limestone Slag.. 
Ptjmicb Mined in Calie 

BT-PRODtrcT OP Manupacttob 
OP Phosphates 


Expanded Burned Clay 

Burned Clay Agqebqate._ 
Burned Ciay Aggregate.. . 


‘Hi h m i‘l' 



‘tii h m it 


Sand and gravel aggregate. 

Sand and gravel aggregate used for calcu- 

Cores witii 5 14 lb density cork__ 

Crushed limestone aggregate. 

Cinder aggregate - 

Cinder aggregate used for calculations. 

Cores filled with 69.7 lb density cinders 

Cores filled with 5 12 lb density cork. 

Cores filled with 14.2 lb density rock wool . 

Burned clay aggregate 

Cores filled with 5.06 lb density cork. 

Expanded blast furnace slag aggregate, 60% 
fine, 40% course 


Sand and gravel aggregate 

Sand and gravel aggregate used for calcu- 
lations 

Cinder agnegate 

Corea filled with 5.24 lb density nnrlr... ■ 

Burned clay ^gregate ! 

Cores filled with 5 6 lb density cork 


I? 

II I i 


74.49 2.27 
74.68 2.42 

74.62 3.19 
74.43 3.42 

75.57 2.28 
75.89 2.89 
74.60 2.82 


0.44 (4) 
0.35 4) 
0.35 (4) 


— 

40 

0.49t 

2.04 

(4) 

124.9 

40 

0.78t 

1.28 

(4) 



o.sot* 


(4) 

1672** 

40"” 

0.53t* 

"Tsfi 

43 


40 

0.24t* 

4.16 

(4) 


40 

0.47t 

2.13 

(4) 

— 

40 

0.17t* 

5.88 

(4) 


riL-j rzL~] 


“I'T Cinder aggregate 100.0 

!- Double wall with 1 in air space between-.... 100.0 
1 1 in. space filled with 9.97 lb density rook wool 100.0 


40 

i.oot 

1.00 

40 

0.36t 

2.78 

40 

0.20t 

5.00 


jn— 



40 0.38t 


2.63 (4) 
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Table 2. Conductivities (k) and Conductances {C) of Building 
Materials and Insulators^ — Continued 


The coejSicients are expressed %n Btu per hour per square foot per degree Fahrenheit per 1 in. thickness 
unless otherwise indicated. 


Material 

Description 

Denbitt 
(Lb per Cu Ft) 

Mean Temp 
(Di-g Fahr) 

CONDDCTIVITY (A) 

OR 

Conductance (C) 

& 1 

Authority j 

INSULATION-BLANKET 







OR FLEXIBLE TYPES 







P™mii __ 

Typical. 



0.27* 

3.70 



Chemically treated wood fibera held between 






layers of strong paper/ 

3.62 

70 

0.25 

4.00 

(3) 


Eel grass between strong paper/ 

4.60 

90 

0.26 

3.85 




3.40 

90 

0.25 

4.00 

(1) 


Flax fibers between strong paper/ 

4.90 

90 

0.28 

3.57 

(1) 


Chenucally treated hog hair between kraft 







paper/. 

5.76 

71 

0.26 

3.85 

(3) 


Chemically treated hog hair between kraft 







paper and asbestos paper/ 

7.70 

71 

0.28 

3.57 

(3) 


Hair felt between layers of paper/ 

11 00 

75 

0.25 

4.00 

(3) 


Kapok between burlap or paper/ 

1.00 

90 

0.24 

4.17 

(1) 


Jute fiber/ 

6.70 

75 

0.25 

4.00 

(3) 


Ground paper between two layers, each 5^in. 







thick made up of two layers of kraft paper 







(sample ^-in. thick).. ._ . — .. 

12.1 

75 

0.40t 

2.50 

(4) 


Stitch^ and creped expanding fibrous 







blanket.-.,.... 

1.50 

70 

0.27 

3.70 

(3) 


Paper and asbestos fiber with emulated 







asphalt binder 

4 2 

94 

0.28 

3.57 

(1) 


Cotton insulating bat.... 

0 875 

72 

0.24 

4 17 

(3) 

INSULATION-SEMI- 







RIGID TYPE 








Felted fiattle hair/_ 

13.00 

90 

0.26 

3.84 

(1) 


« it (t 

11.00 

90 

0 26 

3.84 



Felted hair and asbestos/ 

7.80 

90 

0.28 

3.57 

(1) 


75% hair and 25% jute/-.. . 

6.30 

90 

0.27 

3.70 

(1) 


50% hmr and 50% jute/ — 

6.10 

90 

0.26 

3.85 

(1) 


Jut^ 

6.70 

75 

0.25 

4.00 

(3) 


Felted jute and asbestos/ 

10.00 

90 

0.37 

2.70 

(1) 


Compressed peat moss 

11.00 

70 

0.26 

3.84 

(3) 

INSULATION-LOOSE 

1 






FILL OR BAT TYPE 








Made from ceiba fibers/ - 

1.90 

75 

0.23 

4.35 

(3) 


a it it it 

1.60 

75 

0.24 

1 4.17 

b) 

Fibbr • . 

Fibrous material made &om dolomite and 







silica . 

l.SO 

75 

0.27 

3.70 

(3) 


Fibrous material made from slag 

9.40 

103 

0.27 

3.70 

(1) 


Redwood bark. ._ ..- 

3.00 

90 

0.31 

3.22 

(1) 


Redwood bark— 

5.00 

75 

0.26 

3.84 

(3) 

Glass Wool 

Glass fibers 0.0003 in. to 0.0006 in. in dia- * 







meter... - 

1.50 

75 

0.27 

3.70 

(3) 

Granulah 

Made from combined silicate of lune and 







alumina....— 

4.20 

72 

0.24 

4.17 

(3) 


Expanded vermiculite, parfecle size —10+20 

6 32 

86 

0.29 

3 45 

(3) 


Expanded vermicuhte, particle size -8-1-16 

5.2 



0 41 

2 44 

(1) 

OvTOiTm 

Flaked, dry and fluffy/ 

34.00 

90 

0.60 

1.67 



it it it it 

26.00 

90 

0.52 

1.92 

(1) 


a « a (t 

24.00 

75 

0.48* 

2.08 

(3) 


u n u a 

19.80 

90 

0.35 

2.86 



it It it it ' 

18.00 

75 

0.34 

2.94 

(3) 

'M'TKnppiT. WnriT. 

All fftrmH typififtl .. 



0.27* 

3.70 



About ^i6-in. particles 

ITlO 

90 

0.31 

3.22 

(1) 

Rock Wool 

Fibrous material made from rock 

21.00 

90 

0..30 

3.33 



it it it it it 

18.00 

90 

0.29 

3.45 

(1) 


it u a it it 

14.00 

90 

0.28 

3.57 



it a it it it 

10.00 

90 

0.27* 

3.70 

h) 


Rock wool with a binding agent 

14.50 

77 

0.33 

3.03 

(1) 


Rook wool with flax, straw pulp, and binder 

14.50 

75 

0.38 

2.63 

(3) 


Rock wool with vegetable fibers 

11.50 

72 

0.31 

3.22 

(3) 

P^WTMTHntl 

Various 

12.00 

90 

0.41 

2.44 

(1) 

^TTAVTNflS _ - -- 

Various from planer 

8.80 

90 

0.41 

2.44 

(1) 


From maple, beech and birch (coarse) .- — 

13.20 

90 

0.36 

2.78 

(1) 


For notes see Page 93, 
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Table 2. Conductivities { k ) and Conductances (C) of Building 
Materials and Insulators^ — Continued 

coefficients are expressed in Btu per hour per square foot per degree Fahrenheit per 1 in thich 
unless otherwise indicated. 


insulation-rigid 

COREBOARD 


FrBRR 


BUILDING BOARDS 
Asbestos 


Plasterboaru 


ROOFING CONSTRUCTION 
Roofing 


PLASTERING MATERIALS 
Plaster-- 


Metal Lath and Plaster. 

W ooD Lath and Plaster 
BUILDING 
CONSTRUCTIONS 
Frame 


Description 

Dbnbitt 
(Lb per Cu Ft) 

Typical 



14.00 


10.60 

a a a 

7.00 

a a <4 

5.40 

Asphaltic binder . 

14.50 

Typical 


Chemically treated hog hair covered with 
film of asphalt. 

10.00 


15.00 

“ “ exploded wood fibers 

" “ hard wood fibers... 

Insulating plaster 9/10 m. thick apphed to 

in. piaster board basR 

17.90 

15.20 

54.00 

Made from liconce roots... 

“ “ 85% magnesia and 15% asbestos 

" “ shi^ded wood and cement 

“ “ sugar cane fiber 

Sugar cane fiber insulation blocks encased m 
asphalt membrane 

16.10 

19.30 

24.20 

13.50 

13.80 

Madfi from wheat straw ... 

17.00 

“ “ wood fiber 

15.90 

u u u a 

15.00 

u a <t u 


u a u u 

8.50 

u a u u 

15.20 

a a <t a 

16.90 



See Table 1, Section C 


Compressed cement and asbestos sheets 

Corrugated asbestos board 

123.00 

20.40 

Pressed asbestos mill board 

Gypsum between layers of h^vy paper„ 

Rigid, gypsum between layers of heavy 
paper in. thick) . 

60.50 
62.80 

53.50 

Gypsum mixed with sawdust between layers 
of heavy paper (0.39 in. thick) 

60.70 



Asphalt, composition or prepared 

70.00 

Built up — ^ in. thick 


Built up, bitumen and felt, grav^ or slag 
BurfacMF - . 


Plasterboard, gypsum filler concrete and 

S-nlxT roof o.nvpi*inQf iti 

52.40 

&UVA vVIWa1U|5 

AsbftBtos 

65!oO 

Asphalt. _ 

70.00 

Slate 

201.00 

Wood.— - 


Cement ^ 


G3rpaum, typical ... . 


Gyysum and expanded vermiculite mix 4 to 1 
Thickness % m 

^’.9 

Total thickness 54 in 


3, g in plaster, total thickness ®4 in . 

. .. 

l-in. fir sheathing and building paper. ... , 

1-in fir sheathing, building paper, and 
yellow pme lap siding 

— 

1-in & sh'^thing, building paper and stucco 
Pine lap siding and building paper — siding 

4 m. wide... . 

— 

Yellow pine lap siding. 




/ per 1 in 

thickness 


^ 


»h1.« 

H 'i 


B _ 2 

gsi 

E Y 

§ ^ 


p p 

g g 

a “ S 

09 to 

o o 
O O 

s s 

0.30* 

3.33 

0.34 

2.94 

0.30 

3.33 

0.27 

3.70 

0.25 

4.00 

0.32 

3.12 

0.33* 

3.03 

0.28 

3.57 

0.33 

3.03 

0.32 

3.12 

0.32 

3.12 

1.07t 

0.93 

0.34 

2.94 

0.51 

1.96 

0.46 

2.17 

0.33 

3.03 

0.30 

3.33 

0.33 

3.03 

0.33 

3.03 

0.33 

3.03 

0.33 

3.03 

0.29 

3.45 

0.33 

3.03 

0.34 

2.94 



2.70 

0.37 

0.48 

2.08 

0.84 

1.19 

1.41 

0.71 

2.60t 

0.38 

3.60t 

0.28 

3.73t* 

0.27 

2.82t* 

_0.35 

6. sot* 

0.15 

3.53^ 

0.28 

1.33 

0.75 

0.S8t 

1.72 

6.00t* 

0.17 

6.50f 

0.15 

10.37* 

0.10 

-J-28t! 

^0.78 

8.00 

0.13 

3,30* 

0.30 

0.85 

1.18 

8.80t 

0.11 

4.40t* 

0.23 

2 50t* 

^0.40_ 

0.86t* 

1.16 

O.SOf 

2.00 

0.82 

1.22 

0.8St* 

1.18 

1.28t* 

0.78 1 


For notes see Page 93. 
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CHAPTER 4. HEAT TRANSMISSION COEFFICIENTS AND TABLES 


Table 2. Conductivities {k) and Conductances (C) of Building 
Materials and Insulators^ — Concluded 

The coefficients are exi>ressed in Btu Per hour per square foot per degree Fahrenheit per 1 in. thickness 
unless otherwise indicated 


Description 


BUILDING 
CONSTRUCTIONS 
— (Continued) 
Flooring 


WOODS (Across Gram) 
Balsa. 


Maple—across grain 

Battleship linoleum in.).. 


Californu Redwood 


Cypress 

Douglas Fir 


Eastern Hemlock 


liONGLEAF Yellow Pinb- 


Mahogant 

Maple 

Maple or Oak 

Norway Pine 


0% moisture.. 
0 % « .. 

16% “ .. 

16% “ .. 

0% moisture.. 
0 % « - 

16% “ - 

16% « - 

0% moisture- 
0 % « - 

16% “ - 

16% “ - 

0% moisture- 

0 % “ .. 

16% “ - 

16% “ - 

0% moisture- 

0 % “ .. 

1^1 « : 


Shortleaf Yellow Pinb- 


SuGAR Pine 


ViRGiNu Pine 

West Coast Hemlock 


White Pine 

Yellow Pine 

Yellow Pine or Fir-. 


0% moisture.. 

0 % “ - 

16% “ - 

16% “ - 

0% moisture- 

0 % “ 

16% “ - 

16% “ _ 

,0 moisture- 
0 % * - 

16% * - 

16% « - 

0% moisture- 

0% moisture- 
0 % “ - 

1^1 : : 

0^ moisture- 

16% “ I 

16% “ - 

0% moisture- 
0 % “ 

' : 


0% moisture... 

0^ a 

16% “ I 

16% * -, 


40.00 

75 

1.20 

1.36t* 

0.83 

0.74 

(3) 

20.0 

90 

0.58 

1.72 


8.8 

90 

0.38 

2.63 

(1) 

7.3 

90 

0.33 

3.03 

(1) 

22.0 

75 

0.66 

1.53 

(4) 

28.0 

75 

0.70 

1.43 

(4) 

22.0 

75 

0.74 

1.35 

(4) 

28.0 

75 

0.80 

1.25 

(4) 

28.7 

86 

0.67 

1.49 

(1) 

26.0 

75 

0.61 

1.64 

(4) 

34.0 

75 

0.67 

1.49 

(4) 

26.0 

75 

0.76 

1.32 

(4) 

34.0 

75 

0.82 

l.^i 

(4) 

22.0 

75 

0.60 

1.67 

(4) 

30.0 

75 

0.76 

1.32 

(4) 

22.0 

75 

0.67 

1.49 

(4) 

30.0 

75 

0.85 

1.18 

(4) 

40.0 

75 

1.01 

0.99 

f4) 

46.0 

75 

1.05 

0.95 

(4) 

40.0 

75 

1.15 

0.87 

(4) 

46.0 

75 

1.21 

0.83 

(4) 

30.0 

75 

0.76 

1.32 

(4) 

40.0 

75 

0.86 

1.16 

(4) 

30.0 

75 

0.89 

1.12 

(4) 

40 0 

75 

1.03 

0.97 

(4) 

34.3 

86 

0.90 

1.11 


44.3 

86 

1.10 

0.91 

(1) 



— 

1.15* 

0.87 


22.0 

75 

0.62 

1.61 

(I) 

32.0 

75 

0.74 

1.35 

(4) 

22.0 

75 

0.74 

1.35 

4) 

32.0 

75 

0.91 

1.10 

(4) 

22.0 

75 

0.67 

1.49 

4) 

32.0 

75 

0.79 

1.27 

(4) 

22.0 

75 

0.74 

1.35 

4) 

32.0 

75 

0.90 

1.11 

4) 

38.0 

75 

0.98 

1.02 

(4) 

48.0 

75 

1.18 

0.85 

(4) 

38.0 

75 

1.07 

0.94 

(4) 

48.0 

75 

1.29 

0.78 

(4) 

26.0 

75 

0.74 

1.35 

(4) 

36.0 

75 

0.91 

1.10 

(4) 

26.0 

75 

0.84 

1.19 

(4) 

36.0 

75 

1.04 

0.96 

(4) 

28.0 

75 

0.73 

1.37 

(4) 

34.0 

75 

0.88 

1.14 

(4) 

28.0 

75 

0.81 

1.24 

(4) 

34.0 

75 

0.97 

1.03 

(4) 

36.0 

75 

0.89 

1.12 

(4) 

42.0 

75 

0.95 

1.05 

(4) 

36.0 

75 

1.01 

0.99 

(4) 

42.0 

75 

1.09 

0.92 

(4) 

22.0 

75 

0.54 

1.85 

(4) 

28.0 

75 

0.64 

1.56 

(4) 

22.0 

75 

0,65 

1.54 

(4) 

28.0 

75 

0.78 

1.28 

(4) 

34.3 

86 

0.96 

1.04 


22.0 

75 

0.68 

1.47 

(4) 

30.0 

75 

0.79 

1.27 

(4) 

22.0 

75 

0.78 

1.28 

(4) 

30.0 

75 

0.91 

1.10 


31.2 

86 

0.78 

1.28 

(1) 





1.00 

1.00 

(3) 





O.SO* 

1.25 



For notes see Page 93. 
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HEATING VENTILATING AIR CONDITIONING GUIDE 1942 


Table 3. Coefficients of Transmission ( U ) of Masonry Walls<* 


Coejfficients art expressed in Bin per hour per square foot per degree 
Fahrenheit difference in temperature between the air on the two sides, 
and are based on a wind velocity of 15 mph. 


TYPICAL 

CONSTRUCTION 


TYPE OF WALL 


Thickness 

OP Wall 

Masonry No 

(Inches) 







Solid Brick 

8 

1 

Based on 4-in hard brick and the i emainder 

12 

2 

common brick. 

16 

3 

Hollow Tile 



Stucco Exterior Finish. 

The 8-in. and 10-in. tile figures are based on 

S 

4 

two cells in the direction of flow of heat. The 

10 

5 

12-in. tile is based on three cells in the direc- 

12 

6 

tion of flow of heat. The 16-m. tile consists 
of one 10-in. tile and one 6-in tile each having 
two cells in the direction of heat flow. 

16 

7 


8 

8 


12 

9 

Limestone or Sandstone 

16 

10 


24 

11 

Concrete (Monolithic) 

6 

12 

These figures may be used with sufficient 

10 

13 

accuracy for concrete walls with stucco 

16 

14 

exterior finish. 

20 

15 


6 

16 

Cinder (Monolithic) 

10 

17 

Conductivity k = 4.36 

16 

20 

18 

19 


3 1 

20 

Burned Clay aggregate (Monolithic) 
Conductivity k = 3.96 

10 

16 ! 

21 

22 

20 

23 

Cinder Blocks 

8 1 

24 

Cores filled with dry cinders, 69.7 lb per cu ft. 
Cores filled with granulated cork, 5.12 Ib 

8 

25 

per cu ft. 

8 

26 

Cores filled with rock wool, 14.2 lb per cu ft 

8 

27 

Based on one air cell in direction of heat flow. 
Cores filled with granulated cork, 5.24 lb per 

12 

28 

cu ft. 

12 

29 

Concrete Blocks 

8 

30 

Cores filled with granulated cork, 5.14 lb per 
cuft. 

8 

31 

Based on one air cell in direction of heat flow. 

12 

32 

Burned Clay aggregate Blocks 

g" 

33 

Cores filled with granulated cork, 5.06 lb per 
cu ft. 

8 

34 

Burned Clay aggregate Blocks 

12 

“ 35 ” 

Cores filled with granulated cork, 5.6 lb per 
cu ft. 

12 

36 


•Computed from factors marked by * in Table 2. 

^ Based on the actual thickness of 2 in furnng strips. 







CHAPTER 4. HEAT TRANSMISSION COEFFICIENTS AND TABLES 


INTERIOR FINISH 


Uninstjlatud Walls 


Insulated Walls 


a § I §•§ gg 

I .3 ^24 2 

s-M X §1 s::s x|| 

r r-® ';r|| 

II If li li JIA 

CLiiS cu^ PhS Pi'ft.S 


^1 


|| SX|||S Ills 

'I Sll^fil »|ai 


fc- 2 3 U w g 3^ 1-5 5 l-'S'C I U— *C I 

fe'aP* ^ *T A'Seo^« Spfl* 

l-is 

qJ§ fcc = Ec.2Egfec^ S’ft.Sgi.Sn S^-c S S ^ S5.S gB3 


0.60 0.46 0.30 0.32 0.30 

0.36 0.34 0.24 0.25 0.24 

0.28 0.27 0.20 0.21 0.20 


0.22 0.16 
0.19 0.14 
0.16 0.13 


0.40 0.38 0.26 0.28 0.26 

0.39 0.37 0.26 0.27 0.26 

0.30 0.29 0.22 0.22 0.22 

0.25 0.24 0.19 0.19 0.19 


0.20 0.15 
0.19 0.15 
0.17 0.14 
0.15 0.12 




0.71 0.64 0.37 0.39 0.37 

0.68 0.63 0.33 0.34 0.33 

0.49 0.45 0.30 0.31 0,30 

0,37 0.35 0.25 0.26 0.25 


0.25 0.18 
0.23 0.17 
0.22 0.16 
0.19 0.15 


0.79 0.70 0.39 0.42 0.39 

0.62 0.57 0,34 0.37 0.34 

0.48 0.44 0.29 0.31 0.29 

0.41 0.39 0.27 0.28 0.27 


0.46 0.43 0.29 0.30 0.29 

0.33 0.31 0.23 0.24 0.23 

0.22 0.22 0.17 0.18 0.17 

0.19 0.18 0.16 0.15 0.16 

0.44 0.41 0.28 0.29 0.28 

0.30 0.29 0.22 0.23 0.22 

0.21 0.20 0.16 0.17 0.16 

0.17 0.17 0.14 0.14 0.14 


0.42 0.39 0.27 0.28 0.27 

0.31 0.29 0.23 0.23 0.22 

0.22 0.21 0.17 0.18 0.17 

0.23 0.22 0.19 0.18 0.18 

0.37 0.36 0.26 0.26 0.25 

0.20 0.19 0.17 0.16 0.16 


0.56 0.52 0.32 0.34 0.32 

0.41 0.39 0.27 0.28 0.27 

0.49 0.46 0.30 0.32 0.30 


0.36 0.34 0.26 0.26 0.24 
0.18 0.17 0.15 0.15 0.14 


0.34 0.32 0.25 0.26 0.24 
0.15 0.14 0.13 0.13 0.12 


0.26 0.19 0.16 

0.24 0.18 0.15 

0.21 0.16 0.14 

0.20 0.15 0.13 


0,21 0.16 0.14 

0.18 0.14 0.12 

0.14 0.12 0.10 

0.13 0.11 0.09 

0.21 0.16 0.13 

0.17 0,14 0.12 

0.14 0.11 0.10 

0.12 O.K) 0.09 


0.20 0.16 0.13 
0.17 0.14 0.12 

0.14 0.12 0.11 
0,14 0.12 0.10 
0.19 0.15 0.13 


0.23 0.17 0.14 


0.20 0.15 0.13 

0.22 0.16 0.14 





"A waterproof (not vaporproof) membrane should be provided between the out^ material and the 
insulation fill to prevent possible wetting by absorption and a subsequent lowering of efiaciency. 
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Table 4. 


Coefficients of Transmission ( V ) of Masonry Walls 
WITH Various Types of Veneers^ 


Coeffictents are expressed %n Btu per hour per square foot per degree 
Fahrenheit difference tn temperature between the avr on the two sides, 
and are based on a wind velocity of 15 mph 


TYPE OF WALL I 




Wail 



No. 

Facing 

Baceinq 



6 in. 

37 

4 in. Brick Veneer<* 

Hollow Tile- 

38 

39 


12 in. 

40 


6 in. 

41 

4 in. Brick Veneer<* 

10 in. Concrete 

42 


16 in. 

43 


8 in. Cinder Blocks 

8 in. Cinder Blocks — Cores 
filled with granulated cork, 
5.12 lb per cu ft. 

44 

45 


12 in. Cinder Blocks 

12 in. Cinder Blocks — Cores 

46 


filled with granulated cork, 
5.24 lb per cu ft. 

47 


8 in. Concrete Blocks 

8 in. Concrete Blocks — Cores 
filled with granulated cork, 

48 

4 in. Brick Veneer^* 

5.14 lb per cu ft. 

49 


12 in. Concrete Blocks 

50 


$ in. Burned Clay aggregate 
Block 

8 in. Burned Clay aggregate 

51 



Block — Cores filled with gran- 
ulated cork, 5.0C lb per cu ft. 

52 


12 in. Burned Clay aggregate 
Block 

12 in. Burned Clay aggregate 

53 



Block — Cores fillM with gran- 
ulated cork, 5.6 lb per cu ft. 

54 


8 in. 

55 

4 in. Cut-Stone Veneer^ 

12 in. Common Brick 

56 


16 in. 

57 


6 in. , 

58 

4 in. Cut-Stone Veneer^ 

10 in' **oWow Tile* 

59 

60 


12 in! 

61 


6 in. 

62 

4 in. Cut-Stone Veneer* 

10 in. Concrete 

63 


16 In. 

64 


TYPICAL 

construction 





“Computed from factors marked by * in Table 2. 

^ Based on the actual thickness of 2-in. furring strips. 

“The 6-in., 8-in. and 10-in. tile figures are based on two cells in the direction of heat flow. The 12-In, 
tile is based on three cells in the direction of heat flow, 

inn 










CHAPTER 4. HEAT TRANSMISSION COEFFICIENTS AND TABLES 


INTERIOR FINISH 


Uninstjla-ted Walls 


Inbulaotd Walls 


Plain walls — no in- 
terior finish 

Plastw in.) on 

walls 

Plaster on wood 
lath — furred 

Plaster (54 in.) on 
metal lath — furred 

Plaster (>$ in.) on 
plasterboard (54 

in.)— furred 

No plaster — deco- 
rated rigid or build- 
ing board interior 
fimsh (54 in.)— 

furred 

Plaster (>4 in ) on 
rigid insulation (54 
in.) — furred 

Plaster (54 in ) on 
rigid insulation (1 
in.) — furred 

Plaster (54 in ) on 
cork board (154 in.) 
setincementmortar 
(54 in) 

Plaster (54 ^n.) on 
plasterboard (54 
uu) — airspace fac^ 
on one side with 
bright aluminum 
foil cemented to 
plasterboard 

Plaster (H m.) on 
metal lath attached 
to furring strips 
(2 » n — rock wool 
fill (154 in.*)/ 

Plaster (54 in.) on 
metal lath attached 
to furnng strips 
(2 in.^)— flexible in- 
sulation (54 in.) be- 
tween furring stripe 
(one air space) 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

L 

0.36 

0.34 

0.24 

0.25 

0.24 

0.19 

0.19 

0.15 

0.13 

0.18 

0.11 

0.17 

0.34 

0.33 

0.24 

0.25 

0.24 

0.19 

0.18 

0.14 

0.12 

0.18 

0.11 

0.17 

0.34 

0.32 

|0.23 

0.24 

0.23 

0.19 

0.18 

0.14 

0.12 

0.18 

0.11 

0.17 

0.27 

0.26 

0.20 

0.21 

0.20 

0.16 

0.16 

0.13 

0.11 

0.16 

0.10 

0.15 

0.57 

0.53 

0.33 

0.35 

0.33 

0.24 

0.23 

0.17 

0.14 

0.23 

0.13 

0.21 

0.48 

0.45 

0.30 

0.31 

0.30 

0.22 

0.22 

0.16 

0.14 

0.22 

0.12 

0.20 

0.39 

[0.37 

0.26 

0.27 

0.26 

0.20 

0.19 

0.15 

0.13 

0.20 

0.11 

0.18 

0.35 

0.33 

^0.24 

0.25 

0.24 

0.19 

0.18 

0.14 

0.12 

0.18 

0.11 

0.17 

0.20 

0.19 

0.16 

0.16 

0.16 

0.13 

0.13 

0.11 

0.10 

0.13 

0.09 

0.12 

0.31 

0.30 

0.22 

0.23 

0.22 

0.18 

0.17 

0.14 

0.12 

0.17 

0.11 

0.16 

0.18 

0.18 

0.15 

0.15 

0.15 

0.13 

0.12 

0.10 

0.09 

0.13 

0.08 

0.12 

0.44 

0.42 

0.28 

0.30 

0.28 

0.21 

0.21 

0.16 

0.13 

0.21 

0.12 

0.19 

0.34 

0.32 

0.24 

0.25 

0.23 

0.19 

0.18 

0.14 

0.12 

0.18 

0.11 

0.17 

0.40 

0.38 

0.26 

0.28 

0.26 

0.20 

0.20 

0.15 

0.13 

0.20 

0.11 

0.18 

0.31 

0.29 

0.23 

0.23 

0.22 

0.18 

0.17 

0.14 

0.12 

0.17 

0.11 

0.16 

0.17 

0.16 

0.14 

0.14 

0.14 

0.12 

0.12 

0.10 

0.09 

0.12 

0.08 

0.11 

0.29 

0.28 

0.21 

0.22 

0.21 

0.17 

0.17 

0.13 

0.12 

0.17 

0.10 

0.16 

0.14 

0.14 

0.12 

0.12 

0.12 

0.10 

0.10 

|0.09 

0.08 

0.10 

0.07 

0.10 

0.37 

0.35 

0.25 

0.26 

0.25 

n 

0.19 

0.15 

0.13 

0.19 

0.11 

0.17 

0.28 

0.27 

0.21 

0.21 

0.21 


0.16 

0.13 

0.12 

0.17 


0.15 

0.23 

0.22 

0.18 

0.18 

0.18 


0.14 

0.12 

0.11 

0.15 

0.095 

0.14 

0.37 

0.35 

0.25 

0.26 

0.25 

0.20 

0.19 

0.15 

0.13 

0.19 

0.11 

0.18 

0.36 

0.34 

0.24 

0.25 

0.24 

0.19 



0.13 

0.18 

0.11 

0.17 

0.35 

0.33 

0.24 

0.25 

0.24 

0.19 

0.18 

0.14 j 

0.12 

0.18 

0.11 

0.17 

0.28 

0.26 

0.20 

0.21 

0.20 

0.17 

m 

0.13 1 

0.11 

0.17 

0.10 

0.15 

0.61 

0.56 

0.34 

0.36 

0.34 

0.25 

0.24 

0.18 

0.15 

0.24 

0.13 

0.22 

0.51 

0.47 

0.31 

0.32 

0.31 

0.23 

0.22 

0.17 

0.14 

0.22 

0.12 

0.20 

0.41 

0.38 

0.26 

0.28 

0.26 

0.20 

0.20 

0.15 

0.13 

0.20 

0.11 

0.18 


^^Calculations include cement mortar (H in.) between veneer or facing and backing, 

•Based on one air cell in direction of heat flow. ^ ^ . * . , j 

/A waterproof (not vaporproof) membrane should be provided between the outer matenal and the 
insulation fill to prevent possible wetting by absorption and a subsequent lowering of efficiency. 
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Table 5. Coefficients of Transmission {U) of 
Various Types of Frame Construction^ 


These coefficients are expressed in Btu per hour per square foot per 
degree Fahrenheit difference in temperature between the air on the two 
sides ^ and are based on a wind velocity of 15 mpk. 


TYPICAL 

CONSTRUCTION 


EXTERIOR FINISH 


TYPE r)F SHEATHING 






ruTru-l I 




Wood Siding or Clapboard 26 ij, in Rigid Insulation 


H in. Plasterboard 




1 in Wood** 






Wood Shingles 


25/32 in Rigid Insulation* 


in Plasterboard* 


J‘TU7A »/TUC.C0> 


1 in Wood** 


25 3 j in. Rigid Insulation 


in. Plasterboard 





Brick/ Veneer 


I m. Wood** 


32 in. Rigid Insulation 75 


M in. Plasterboard 


“Computed from factors marked by * in Table 2. 

5These coefficients may also be used with sufficient accuracy for plaster on wood lath or plaster on 
plasterboard. 


'Based on the actual width of 2 by 4-in. studding, namely, Z% in. 
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Plaster on wood lath on studding 


CHAPTER 4. HEAT TRANSMISSION COEFFICIENTS AND TABLES 


INTERIOR FINISH 


No Insulation Between Studding Insulation Between Studding 



A 

B C 

D 

£ 

F 

G 

H 

I 

J 

K 

L 

M 

0.25 

0.26 0.25 

0.19 

0.15 

0.11 

0.19 

0.17 

0.19 

0.17 

0.15 

0.12 

0.072 

0.19 

0.20 0.19 

[ 

0.15 

0.13 

0.10 

0.16 

0.14 

0.15 

0.15 

0 13 

0.10 

0.068 

0.31 

0.33 0.31 

0.22 

0.17 

0.13 

0 23 

0.19 

0.22 

0.20 

0.17 

013 

0.076 


0.25 0.26 0.25 0.19 0.15 0.11 0.19 0.17 0.20 0.17 0.15 0.12 0.072 

0.17 0.17 0.17 0.14 0.11 0.092 0.14 0.14 0.15 0.13 0.11 0.094 0.064 

0.24 0.25 0.24 0.19 0.15 0.11 0.19 0.19 0.22 0.17 0.15 0.12 0.071 


0.30 

0.32 

0.30 

0.22 

0.16 

0.12 

0.22 

0,19 

0.23 

0.20 

0.17 

0.13 

0.076 

0.22 

0.23 

0.22 

0.17 

0.14 

0.11 

0.19 

0.15 

0.17 

0.16 

0.14 

0.11 

0.071 

0.40 

0.43 

0.40 

0.26 

0.19 

0.14 

0.28 

0.22 

0.26 

0.24 

0.20 

0.14 

0.081 

0.27 

0.28 

0 27 

0.20 

O.lo 

0,12 

0.21 

0.17 

0.21 

0.18 

0.16 

0.12 

0.074 

0.21 

0.21 

0.21 

0.16 

0.14 

0.10 

0.17 

0.15 

0.16 

0.15 

0.13 

0.11 

0.068 

0.35 

0.37 

0.35 

0.24 

0.18 

0.13 

0.25 

0.21 

0.24 

0.22 

018 

0.14 

0.079 


<*¥6110^7 pine or fir — actual thickness about in. 

•Furring strips between wood shingles and sheathing. 

/Small air space and mortar between building paper and bnck veneer neglected. 

ffA waterproof (not vaporproof) membrane should be provided between the outer material and the 
insulation fill to prevent possible wetting by absorption and a subsequent lowering of efficiency. 

^The coefficients in this column are corrected for the effect of studs. 
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Table 6. Coefficients of Transmission (Z7) of Frame Interior Walls 

AND Partitions^ 

Cotffi,cUnU are expressed in Btu per hour per square foot per degree Fahrenheit difference in temperature 
between the air on the two sides, and are based on still air (no wind) conditions on both sides. 


TYPICAL CONSTRUCTION 

Wall 

No. 

Single 
Partition 
(Finish 
on One 
Side of 
Studding) 

DOUBLE PARTITION 
(Finished on Both Sides of Studding) 

ru 


Air 

Space 

Between 

Studding 

Flaked 

Gypsum 

FU1& 

Between 

Studding 

Rock 

Wool 

Fill** 

Between 

Studding 

Hin. 
Flexible 
Insulation 
Between 
Studding 
(One Air 
Space) 

Type of Wall 


A 

B 

G 

D 

£ 

Wood Lath and Plaster On Studding 

77 

0.62 

0.34 

0.11 

0.076 

0.21 

Metal Lath and Plaster" On Studding 

78 

0.69 

0.39 

0.11 

0.078 

0.23 

Plasterboard in.) and Plaster<* 

On Studding 

79 

0.61 

0.34 1 

0.10 

0.075 

0.21 

Plasterboard (^ in.) and Plaster** 

On Studding — ^bright aluminum foil ce- 
mented to plasterboard on surface nailed 
to studding 

80 

0.42 

0.24 



0.16 

H in. Rigid Insulation and Plaster** 

On Studding 

81 1 

0.35 

O.IS 

0.083 

0.063 

0.14 

1 in. Rigid Insulation and Plaster** 

On Studding 

82 

0.23 1 

0.12 

0.066 

0,054 

0.097 

IH in. Corkboard and Plaster** 

On Studding 

83 

0.16 

0.081 

0.052 

0.044 

0.070 

2 in. Corkbdard and Plaster** 

On Studding 

84 

0.12 

0.063 

0.045 

0.038 

0.057 


•Computed from factors marked by * in Table 2. "Plaster on metal lath assumed % in. thick. 
•Thickness assumed 3^ in. •^Plaster assumed H in. thick. 


Table 7. Coefficients of Transmission (C7) of Masonry Partitions® 

Coefficients are expressed in Btu per hour per square foot per degree Fahrenheit difference in temperature 
between the air on the two sides, and are based on still air (no wind) conditions on both sides. 


TYPICAL CONSTRUCTION 













No. 

Plain Walls 
(No Plaster) 

Walls 

Plastered 

ON One Side 

Walls 

Plastered 

ON Both Smss 

Type of Wall 


A 

B 

C 

4-in. Hollow Clay Tile 

85 

0.45 

0.42 

0.40 

4-in. Common Brick 

86 

0.60 

0.46 

0.43 

4-in. Hollow Gypsum Tile 

87 

0.30 

0.28 

0.27 

2-m. Solid Plsmter 

88 

— 

— 

0.53 


•Computed from factors marked by * in Table 2. 
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separated from lath and plaster ceiling by 1 in. furring strips. 
•Bright aluminum foil cemented to plasterboard 



Table 9. Coefficients of Transmission ( U) of Concrete Construction Floors and Ceilings® 

Coefficients are expressed in Bfu per hour per square foot per degree Fahrenheit difference in temperature between the air on the two sides^ 
and are hosed on still air (no wtnd) condittons on both stdes. 
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^in 

Battleship 
Linoleum 
Directly 
on Concrete 


tHtHOOCO 

THT*ieoe«9 

oddo* 

t-IO 0 «D^ 

rjJMCOCO 

dddd 

CS 00 t>-»O 

NWNN 

dddd 

OOOtO*^ 
0 ) 0)0 01 

dddd 

0.21 

0.20 

0.19 

0.19 

0.14 

0.13 

0.13 

0.13 

§ 

Tile or 
Terrasszo/ 
Flooring on 
Concrete 

Q 

dddd 

COOIb.'eH 

dddd 

eo coco CO 

dddd 

0)005 
coco COO) 

dddd 

CO tNrH 
0 ) 0 ) 010 ) 

dddd 

0.14 

0.14 

0.14 

0.14 

I ‘ 

o 

Maple or uaK 
Flooring* on 
Yellow Pine 
Sub-Flooring* 
on Wood 
Sleepers _ 
Embedded in 
Concrete 

U 

dddd 

0.30 

0.28 

0.27 

0.26 

eOO»»HiH 

dddd 

0.22 

0.21 

0.21 

0.20 

b.t'.COCO 
rH 1-1 

dddd 

0.12 

0.12 

0.11 

0.11 


Yellow Pine 
Flooring* on 
Wood Sleepers 
Embedd^ 
in Concrete* 

n 

ON>u3M 

-^COWCO 

dddd 

00 to COM 
CO CO CO CO 

dddd 

ooco>o^ 
cq 0)0)04 

dddd 

OiO*!i<CO 
0 ) 0 ) 0 ) 0 ) 

dddd 

0.20 

0.19 

0.18 

0.18 

0.13 

0.13 

0.12 

0.12 


No Flooring 
(Concrete 
Bare)* 

-< 

1 

0.69 

0.54 

0.60 

0.46 

l>tOCOOI 
coco CO CO 

dddd 

0.35 

0.33 

0.31 

0.30 

0.24 

0.23 

0.22 

0.22 

dddd 

No. 




^ iH 

^ ^ fii< 

NOOCNO 



iii 

g <s» 



^^ODO 

^CQOOO 

iH 

^COOOO 

tUCOOOO 

CD 000 

fH 

TYPICAL CONSTRUCTION 

iRT- 


Typb of Ceiling 

No GeUlnR 

yi in* Plaster Applied Directly to Under Side 
of Concrete 

Suspended or Furred Metal Lath and Plaster 
(H in.) Celling 

Suspended or Furred Gelling of Plasterboard 
(% in.) and Plaster in.) 

Suspended or Furred Gelling of Rigid Insulation 
(H in.) and Plaster (>4 in.) 

Plaster in.) on Gorkboard (1}^ in.) Set in 

Gement Mortar in.) on Concrete 



g 

S3 

8 . 

at a 


l.sl# 

*11181 

itii i 

mm 

jr.S'w't! 

^ l« O 00 ® ® 

Blip 

Vfe'ffe'fc'fer 
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Table 11. Coefficients of Transmission (U) of Various Types 
OF Flat Roofs Covered with Built-Up Roofing^ 


TYPICAL construction 1 


Without Cbilingb 


With Mbtax Lath 

AND 

Plaster CBiLiNas<* 


TYPE OF ROOF DECK 



IN/ULATioN/ 


ROOFlffjg^ / 


BOOFlMUi _/ 


in/ULAtL'^n/ 

f <rf 

VfffNfNfTU/2 , Z££i 

TLA/TCR. 


Gypsum Fiber Concrete^ 
(2 in.) on Plasterboard 

lri;t)LAtiOtt/ m/ULA*a<3n/ (5^ in.) 

RHOPiMGi / / Gyusum Fiber Concrete* 

I ' llHIT n mmillHLi^ lllllllillllimi.'l|TCEaB (3 in.) on Plasterboard 

' c'ifjMK’i.w: 'A (5^ in.) _ 

V ir r B Gypsum Fiber Concrete* 

rLA JTER. TLA/TCR. fcOAILP^ Insula- 

Cz===r^Trsi2l lation Board ^ in.) 

ctVHHfi Gypsum Fiber Concrete* 

(2 in.) on Rigid Insula- 
tion Board (1 in.) 

Flat Metal Roofs 

iMfOUTtOH/ JtlJOWTttfri/ Cocffident of tiansidfr 

nooPtKffi / WOFWtfi. / “on of bare, comigated 

ffrrB TOI^irrrrinBll ^on (no roofing) is 1.50 

M rtfeTAu“ ?tu per hour per square 

tf ECK ■ FE-cK. 1 foot of projected area per 

degree Fahrenheit dif- 
cpurtd fejrence in temperature, 

based on an outside wind 
velocity of 16 mph. 

“Computed from factors marked by * in Table 2. 

^Nominal thicknesses specified — actual thicknesses used in calculations. 

‘Gypsum fiber concrete— 87H per cent gypsum, 12>^ per cent wood fiber. 


t«^uLATr(^^r/ 

ROOFIStfi, / 
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CoeMcients are ex-pressed in Btu per hour per s luare foot per degree 
Fahrenheit difference in temperature between the air on the two sides, 
and are based on an outside wind velocity of 15 mph. 


WITHOUT CEILING-UNDER SIDE OF 
ROOF EXPOSED 


WITH METAL LATH AND 
PLASTER CEILINGS^ 


a q S ^ 

5 f ^ - 

•-N ^ cs 


0^4 0.37 0.24 0.18 0.14 0.22 0.16 0.13 0.43 0.26 0.19 0.15 0.12 0.18 0.14 0.11 


0.82 0.37 0,24 0.17 0.14 0.22 0.16 0.13 0.42 0.26 0.19 0.15 0.12 0.18 0.14 0.11 

0.72 0.34 0.23 0.17 0.13 0.21 0.16 0.12 0.40 0.25 0.18 0.14 0.12 0.17 0.13 0.11 

0.64 0.33 0.22 0.16 0.13 0.21 0.16 0.12 0.37 0.24 0.18 0.14 0.11 0.17 0.13 0.11 


0.49 0.28 0.20 0.15 0.12 0.19 0.14 0.12 0.32 0.21 0.16 0.13 0.11 0.15 0.12 0.10 

0.37 0.24 0.18 0.14 0.11 0.17 0.13 0.11 0.26 0.19 0.15 0.12 0.10 0.14 0.11 0.096 

0.32 0.22 0.16 0.13 0.11 0.16 0.12 0.10 0.24 0.17 0.14 0.11 0.097 0.13 0.11 0.092 

0.23 0.17 0.14 0.11 0.096 0.13 0.11 0.091 0.18 0.14 0.12 0.10 0.087 0.11 0.096 0.082 


0.40 0.25 0.18 0.14 0.12 0.17 0.13 0.11 0.27 0.19 0.15 0.12 0.10 0.14 0.12 0.097 

0.32 0.22 0.16 0.13 0.11 0.15 0.12 0.10 0.23 0.17 0.14 0.11 0.097 0.13 0.11 0.091 


0.26 0.19 0.15 0.12 0.10 0.14 0.11 0.10 0.20 0.16 0.13 0.11 0.09 0.12 0.10 0.087 

0.19 0.15 0.12 0.10 0.09 0.12 0,10 0.08 0.16 0.13 0,11 0.09 0.08 0.10 0.09 0.077 


0.96 0.39 0.25 0.18 0.14 0.23 0.17 0.13 0.46 0.27 0.19 0.15 0.12 0.18 0.14 0.11 


•^These coeflScients may be used with suflfident accuracy for wood lath and plaster, or plasterboard and 
plaster ceilings. It is assumed that there is an air space between the under side of the roof deck and the 
upper side of the ceiling. 
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Table 12. Coefficients of Transmission { U ) of Pitched Roofs® 

Coefficfents are expressed in Btu per hour per square foot per degree Fahrenheit difference in temperature between the air on the two sides, 

and are based on an outside wind velocity of 16 mph. 
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TYPE OF CEILING 
(Applied Dirbctlt to Roof Raftbrb) 

(•ni %) 

pn« fui 3) pjBoq^joQ 

M 

o 

d 

1 

1 

690*0 

0.054 

0.047 

11*0 

j 

i 

,—1 

o 

d 

0.056 

00 

o 

“Computed from factors marked by * in Table 2. Nos 6 to 10, inclusive, based on in. thick slate. 

*Based on 1 in. by 4 in. strips spaced 2 in. 

"Figures based on two air spaces. Insulation may also be applied to under side of roof rafters with furring strips between. 

•^Roofing felt betwe^ roof sheathing and slate or tile neglected in calculations. 

"Assumed 3^ in. thick based on the actual width of 2 in. by 4 in. rafters. These coefficients are corrected for the effect of studs. 

/Sheathing assumed in. thick. 

ffAir space faced on one side with bright aluminum foil applied to plasterboard. 

(*ui pnB 

(•ni pjBoq:[ioo 


d 

1 

i 

00 

o 

d 

090*0 

0.052 

CO 

i 

0.080 

o 

d 

i 

d 

(•ui 5^) pan 

(-nj X) ^0I:^BIns^I prai^ 

o 

«o 

iH 

d 

i 

0.092 

890*0 

i> 

VP 

O 

d 

d 

1 

»D 

O) 

o 

d 

1 

d 

os 

ID 

O 

d 

(■ni 5^) jaxsBij pntt 
(*°1 H) noiiiBinauj piaiH 

fS4 

iH 

W 

d 

i 

d 

o 

d 

d 

d 

i 

i 

! 

iH 

iH 

d 

0.078 

»D 

CD 

O 

d 

Cq 5^) nopBinsni pi2i^ 

fH 

N 

d 


d 

0.076 

rH 

CO 

o 

d 

d 


rH 

rH 

d 

1 

d 

CO 

o 

d 

ja^BDf j; poB qxB^ poo^ 

Q 

& 

cq 

d 


N 

d 

CO 

§ 

d 

g 

o 

d 

N 

CO 

d 

j 

i 

CO 

iH 

d 

d 

s 

o 

d 

Ca\^) la^sBij puB 
(•uif^)paBoqja^Beij 

O 



(N 

d 

eo 

s 

I 

d 

CO 

d 

rH 

<N 

d 

CO 

d 

0.087 

g 

o 

d 

V^Wz) 

puB q^BT[ 


8 

d 

1 

i 

CO 

d 

980*0 

o 

o 

CO 

d 

i 

i 

'• 

CO 

iH 

d 

0.088 

CO 

o 

d 

(pasodxg SJ^^IiB^) 
aaqrao 

< 

<o 

yit 

d 

j 

1 

i 

1 

1 

1 

i 

: 

i 

CD 

ID 

d 

i 

i 

1 

i 

i 

i 

o 

- 




lA 

vO 

Cr 

00 

Ov 

o 

ft 

INSULATION 

BETWEEN 

ROOF RAFTERS 

None 

Bright Aluminum Foil* 

lin Flexible" 

J) 

z 

1 

.s 

N 

1 

1 

_g’ 

CO 

None 

Bright Aluminum FoiR 

1 in. Flexible" 

2 in. Flexible" 

o 

0 

(J 

0 

p< 

CO 

TYPE OF ROOFING 
AND 

ROOF SHEATHING 

c 

0 

•Ofll 

Ji 

h 

e 

3 

3 

3 

P 

Asphalt Shingles, 

Rigid Asbestos 
Shingles, Composi- 
tion RooOng, or 
Slate or Tile 
Roofing^ on Wood 
Sheathing/ 

TYPICAL 

CONSTRUCTION 

|| as Si\ 
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CHAPTER 4. HEAT TRANSMISSION COEFFICIENTS AND TABLES 


Table 13. Coefficients of Transmission (Z7) of Doors, Windows, Skylights 
AND Glass Block Walls 

Coejfficients are based on a wind velocity of IS mph, and are expressed in Btu per hour per square foot Per 
degree Fahrenheit difference in temperature between the air inside and outside of the door, window, skylight or wall 

Section A. Windows and Skylights 


Description 

U 

Single. _ _ _ 

lA 3 a,c 

Dnnhle _ _ . _ 

0.45<»» « 

Triple 

0.281a.« 



Section B. Solid Wood Doors^f c 


Nominal 

Thickness 

Inches 

Actual 

Thickness 

Inches 

u 

Exposed Door 

With Glass Storm Door 

1 


0.69 

0.42 

IH 

IMe 

0.59 

0.38 


me 

0.52 

0.35 


m 

0.51 

0.35 

2 


0.46 

0.32 

2H 


0.38 

0.28 

3 

ms 

0.33 

0.25 


Section C, Hollow Glass Block Walls 



U 

V 

Description 

Still Air 

Still Am Inside, 


Both Sides 

15 MPH Outside 

Smooth surface glass blocks 7% x 7% x 3% in. thick 
Ribbed surface glass blocks 7% x 7% x 3% in. thick 

0.40 

0.49 

0.38 

0.46 


“See Heating, Ventilating and Air Conditioning, by Harding and Willard, revised edition, 1932. 

^Computed using C =» 1.15 for wood;/! = 1.65 and/© * 6.0. 

«It is sufficiently accurate to use the same coefficient of transmission for doors containing thin wood 
panels as that of single panes of glass, namely, 1.13 Btu per hour per square foot per degree difference 
between inside and outside air temperatures. 

“^These valuM may also be used with sufficient accuracy for wood storm doors. Neglect storm doors 
if loose and use values for exposed doors. 

•Air spaces assumed to be in. or more in width. 


coefficient of transmission of a top floor ceiling, unheated attic space, and 
pitched roof, per square foot of ceiling area, is as follows: 

Ur X 37ce 

U = 


n 


(6) 


where 

U = combined coefficient to be used with ceiling area. 

Ur = coefficient of transmission of the roof. 

Z7ce = coefficient of transmission of the ceiling. 
n = the ratio of the area of the roof to the area of the ceiling. 

In selecting the values to be used for Ur and Uce it should be noted 
that the under surface of the roof and the upper surface of the ceiling are 
more nearly equivalent to the boundary surfaces of an internal air space 
than they are to the external surfaces of a wall. It would be more nearly 
correct to use a value of 2.2 rather than the usual value of 1.65 as coef- 
ficients for these surfaces. In most cases this would make only a minor 


•111 










HEATING VENTILATING AIR CONDITIONING GUIDE 1942 


change in U, It should be noted that the over-all coefficient should be 
multiplied by the ceiling and not the roof area. 

If the unheated attic space between the roof and ceiling has no dormers, 
windows or vertical wall spaces the combined coefficient may be used for 
determining the heat loss through the roof construction, attic and top 
floor ceiling. If the unheated attic contains windows and vertical wall 
spaces these must be taken into consideration in calculating the roof area 
and also its coefficient Z7r. In this case an approximate value of Ur may 
be obtained as the summation of the coefficient of each individual section 
such as the roof, vertical walls or windows times its percentage of total 
area. This coefficient may then be used with reasonable accuracy in 
Equation 6. If there are large vertical wall areas, the most accurate 
procedure is to estimate the attic temperature by means of Equation 1, 
Chapter 6 and to calculate the heat loss by using the ceiling coefficient 
only, and the attic temperature instead of the outside temperature. 

Effect of Attic Ventilation on Ceiling Heat Loss 

Neither the combined coefficient equation in this chapter nor the attic 
temperature equation (Chapter 6) makes allowance for attic ventilation. 
The effect of winter attic ventilation is to reduce the attic temperature, 
thereby increasing the ceiling heat loss. Obviously, if the amount of 
ventilation were such that the attic temperature would be substantially 
at outside temperature, then the roof should be neglected and only the 
top floor ceiling coefficient used. On the other hand, according to recently 
conducted tests®, ordinary venting to preclude attic condensation has 
only a minor effect on the attic temperature, in which case the full value 
of the roof may be taken into consideration without appreciable error. 

Basements and Unheated Rooms 

The heat loss through floors into basements and into unheated rooms 
kept closed may be computed by assuming a temperature for these rooms 
of 32 F. The coefficients of transmission for concrete floors on ground 
(Table 10) are based on the assumption that the heat-resisting value of 
the floor extends downward and stops at the under side of the concrete. 
It is probable, however, that the dirt underneath has some heat-resistance 
value extending to a considerable depth, which would result in substan- 
tially lower heat transmission coefficients than given in Table 10, This 
problem is now the subject of research. Additional information on the 
inside and outside temperatures to be used in heat loss calculations is 
given in Chapter 6. 

CONDENSATION IN BUILDINGS 

The water vapor or moisture mixed with the air in buildings will be 
transmitted through many types of building construction if there is a 
difference in the vapor pressures on the two sides of the structure. Such 
water vapor will also condense whenever it comes in contact with surfaces 


'Methods of Moisture Control and Their Application to Building Construction, by F. B. Rowley, 
A. B, Algren and C. E. Lund. (University of Minnesota Engineering Experiment Station Bulletin No. 17). 
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or objects at or below the dew-point temperature. Thus two types of 
condensation problems are encountered in building practice, namely 
(1) Surface condensation or condensation on the interior building surfaces 
including the walls, ceiling (or roof) and glass, and (2) Interstitial con- 
densation or the transmittance of the vapor through the building materials 
and condensation of the moisture on surfaces or voids within the materials 
of construction. 

Condensation within the construction as well as condensation on the 
interior surfaces does not necessarily occur in all buildings but only in 
isolated cases when conditions conducive to such condensation exist. The 
probability of condensation increases with the relative humidity or vapor 
pressure and with the temperature diflFerence and, in the case of inter- 



Fig. 2. Permissible Relative Humidities for Various Transmission Coefficients 

stitial condensation, decreases with the vapor resistance on the warm 
side of the wall. 

Condensation on interior building surfaces® (surface condensation) may 
be eliminated by either reducing the relative humidity or by maintaining 
the interior surfaces at or above the dew-point temperature. Permissible 
relative humidities for various wall, roof or glass coefficients and tempera- 
ture differences may be determined from Fig. 2. The permissible relative 
humidity for any specific type of construction may be determined by 
first ascertaining the coefficient of transmission (Z7) of the construction 
and then locating this coefficient on the horizontal scale of Fig. 2. A 
vertical line drawn to the proper outside temperature curve and then to 
the left hand scale will indicate the permissible relative humidity for the 
conditions involved. The dotted line shown in Fig. 2 indicates the per- 


sPermissible Relative Humidities in Humidified Buildings, by Pa^ D. Close (A.S.H.V.E. Joxjrnal 
Section, Heating, Piping and Air Conditioning, December, 1939, p. 766). 
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missible relative humidity (64 per cent) if surface condensation is to be 
avoided, for a frame wall having a coefficient of 0.26 and for an outside 
temperature of —10 F. 

Condensation within the construction may likewise be prevented by 
eliminating the moisture at the source or by providing a barrier on the 
warm side of the insulation construction. A good vapor barrier con- 
struction may be obtained with a vapor-proof paper properly applied 
under the plaster or a vapor-proof finish on the interior surface of the 
walF. In the case of attics, the greater the heat resistance in the top 
floor ceiling, the lower the attic temperature and consequently the 
greater the tendency for condensation to take place on the under side of 
the roof boards which moisture will drop on to the ceiling. Thus where 
thick insulations are installed between ceiling joists, it is desirable to allow 
openings for outside air circulation through attic space as a precaution 
against condensation on the underside of the roof even though barriers 
are used in the ceiling below. 


’’Condensation within Walls, by F. B. Rowley, A. B. Algren and C. E. Lund (A.S.H.V.E. Transactions, 
Vol. 44, 1938, p. 95). 
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Chapter 5 


AIR LEAKAGE 


Nature of Air Infiltration, Infiltration Through Walls, Window 
Leakage, Door Leakage, Selection of Wind Velocity, Crack 
Length used for Computations, Multi-Story Buildings, Heat 
Equivalent of Air Infiltration 


A ir leakage losses are those resulting from the displacement of heated 
air in a building by unheated outside air, the interchange taking 
place through various apertures in the building, such as cracks around 
doors and windows, fireplaces and chimneys. This leakage of air must be 
considered in heating and cooling calculations. (See Chapters 6 and 7.) 

NATURE OF AIR INFILTRATION 

The natural movement of air through building construction is due to 
two causes. One is the pressure exerted by the wind; the other is the 
difference in density of outside and inside air because of differences in 
temperature. 

The wind causes a pressure to be exerted on one or two sides of a 
building. As a result, air comes into the building on the windward side 
through cracks or porous construction, and a similar quantity of air 
leaves on the leeward side through like openings. In general the resis- 
tance to air movement is similar on the windward to that on the leeward 
side. This causes a building up of pressure within the building and a 
lesser air leakage than that experienced in single wall tests as determined 
in the laboratory. It is assumed that actual building leakages owing to 
this building up of pressure will be 80 per cent of laboratory test values. 
While there are cases where this is not true, tests in actual buildings 
substantiate the factor for the general case. Mechanical ventilating 
systems are frequently designed to produce positive or negative pressures 
in an enclosure which are greater or lower than prevalent wind pressures. 
In such designs, if the rate at which air is specified to be introduced to or 
removed from the enclosure by positive means exceeds the infiltration 
rate, it is common practice to use the greater value in determining the 
heating capacity to warm the outside air. 

The air exchange owing to temperature difference, inside to outside, is 
not appreciable in low buildings. In tall, single story buildings with 
openings near the ground level and near the ceiling, this loss must be 
considered. Also in multi-story^ buildings it is a large item unless the 
sealing between various floors and rooms is quite perfect. This tempera- 
ture effect is a chimney action, causing air to enter through openings at 
lower levels and to leave at higher levels. 
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A complete study of all of the factors involved in air movement through 
building constructions would be very complex. Some of the complicating 
factors are : the variations in wind velocity and direction ; the exposure of 
the building with respect to air leakage openings and with respect to 
adjoining buildings; the variations in outside temperatures as influencing 
the chimney effect; the relative area and resistance of openings on the 
windward and leeward sides and on the lower floors and on the upper 
floors; the influence of a planned air supply and the related outlet vents; 
and the variation from the average of individual building units. A study 
of infiltration points to the need for care in the obtaining of good building 
construction, or unnecessarily large heat losses will result. 

INFILTRATION THROUGH WALLS 

Table 1 gives data on infiltration through brick and frame walls. The 
brick walls listed in this table are walls which show poor workmanship 
and which are constructed of porous brick and lime mortar. For good 
workmanship, the leakage through hard brick walls with cement-lime 
mortar does not exceed one-third the values given. These tests indicate 
that plastering reduces the leakage by about 96 per cent; a heavy coat of 
cold water paint, 50 per cent; and 3 coats of oil paint carefully applied, 
28 per cent. The infiltration through walls ranges from 6 to 25 per cent 
of that through windows and doors in a 10-story office building, with 
imperfect sealing of plaster at the baseboards of the rooms. With perfect 
sealing the range is from 0.5 to 2.7 per cent or a practically negligible 
quantity, which indicates the importance of good workmanship in proper 
sealing at the baseboard. It will be noted from Table 1, that the in- 
filtration through properly plastered walls can be neglected. 

The value of building paper when applied between sheathing and 
shingles is indicated by Fig, 1, which represents the effect on outside 
construction only, without lath and plaster. The effectiveness of plaster 
properly applied is no justification for the use of low grade building paper 
or of the poor construction of the wall containing it. Not only is it 


Table 1. Infiltration Through Walls^ 

Expressed in cubic feet per square foot Per hour 


Type of Wall 

Wind Velocity, Miles pbb Hour 

5 

10 

IS 

20 

25 

30 


1.75 

0.017 

4.20 

0.037 

7.85 

0.066 

12.2 

0.107 

18.6 

0.161 

22.9 

0.236 

13in.BrickWalL....„.{P£--^~- 

1.44 

0.005 

3.92 

0.013 

7.48 

0.025 

11.6 

0.043 

16.3 

0.067 

21.2 

0.097 

Frame Wall, with lath and plasster^ 

0.03 

0.07 

0.13 

0.18 ! 

0.23 

0.26 


»The values given in this table are 20 per cent less than test values to allow for building up of pressure 
in rooms and are based on test data reported in the papers listed at the end of this chapter. 

bWall construction: Bevel siding painted or cedar shingles, sheathing, building paper, wood lath and 
3 coats gypsum plaster. 
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Fig. 1. Infiltration Through Various Types of Shingle Construction 

difficult to secure and maintain the full effectiveness of the plaster but 
also it is highly desirable to have two points of high resistance to air flow 
with an air space between them. 

The amount of infiltration that may be expected through single walls 
used in farm and other shelter buildings, is shown in Fig. 2. The infil- 
tration indicated in Figs. 1 and 2 is that determined in the laboratory and 
should be multiplied by the factor 0.80 to give proper working values. 
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Table 2. Infiltration Through Windows 

Expressed in Cubic Feet per Foot of Crack per Hour^ 


Type of Window 

Remarxs 

Wind Vblocitt, Milbs pee Houb 

5 

10 

IS 

20 

25 

30 

Double-Hung 
Wood Sash 
Windows 
(Unlocked) 

Around frame in masonry wall — not ealkedb 

3.3 

8.2 

14.0 

20.2 

27.2 

34.6 

Around firame in masonry wall — calked^ 

0.5 

1.5 

2.6 

3.8 

4.8 

5.8 

Around frame in wood frame constructionb— 

2.2 

6.2 

10.8 

16.6 

23.0 

30.3 

Total for average window, non-weather- 
stripped, Jfg-in. crack and clearance.c 

Includes wood frame leakaged 

6.6 

21.4 

39.3 

59.3 

80.0 

103.7 

Ditto, weatherstrippedd 

4.3 

13.0 

23.6 

35.5 

48.6 

63.4 

Total for poorly fitted window, non-weather- 
strippea, 34-m. crack and clearance e 

Includes wood frame leakaged 

26.9 

69.0 

110.5 

153.9 

199.2 

249.4 

Ditto, weatherstrippedd. 

5.9 

18.9 

34.1 

51.4 

70.5 

91.5 

Double-Hung 

Metal 

Windows^ 

Non-weatherstripped, locked . 

Non-weatherstripped, unlocked.. . . 

Weatherstnpped, unlocked. 

20 

1 20 

6 

45 

47 

19 

70 

74 

32 

96 

104 

46 

125 

137 

60 

154 
: 170 

1 76 

Rolled 

Section 

Steel 

Sash 

Windows^ 

Industrial pivoted, %rm. cracks — 

Architectural projected, crackh 

Architectural projected, crackh 

Residential casement, ^-in. cracki 

Residential casement, ^in. cracki 

Heavy casement section, projected, 

cra^ — 

Heavy casement section, projected 14-in. 
cracki- . — . . 

52 

15 

20 

6 

14 

3 

1 8 

108 

36 

52 

18 

32 

10 

24 

176 

62 

88 

33 

52 

18 

38 

244 

86 

116 

47 

76 

26 

54 

304 

112 

152 

60 

100 

36 

72 

372 

139 

182 

74 

128 

48 

92 

Hollow Metal, vertically pivoted window^. 

1 30 

88 

145 

186 

221 

242 


■The values given in this table, with the exception of those for double-hung and hollow metal windows, 
are 20 per cent less than test values to allow for building up of pressure in rooms, and are based on test data 
reported in the papers listed at the end of this chapter. 

bThe values given for frame leakage are per foot of sash perimeter as determined for double-hung wood 
windows. Some of the frame leakage in masonry walls originates in the brick wall itself and cannot be 
prevented by calking. For the additional reason that calking is not done perfectly and deteriorates with 
time, it is considered advisable to choose the masonry frame leakage values for calked frames as the average 
determined by the calked and not-calked tests. 

oThe fit of the average double-hung wood window was determined as crack and 36-in. clearance by 
measurements on approximately 600 windows under heating season conditions. 

dThe values given are the totals for the window opening per foot of sash perimeter and include frame 
leakage and so-called elsewhere leakage. The frame leakage values included are for wood frame construction 
but apply as well to masonry construction assunaing a 50 per cent eflQdency of frame calking. 

«A 5^in. crack and clearance represents a poorly fitted window, much poorer than average. 

^Windows tested in place in building. 

sindustrial pivoted window generally used in industrial buildings. Ventilators horizontally pivoted 
at center or slightly above, lower part swinging out. 

hArchitectural projected made of same sections as industrial pivoted except that outside framing member 
is heavier, and it has refinements in weathering and hardware. Used in semi-monumental buildings such as 
schools. Ventilators swing in or out and are balanced on side arms i^in crack is obtainable in the best 
practice of manufacture and installation, %-in. crack considered to represent average practice. 

iOf same design and section shapes as so-called heavy section casement but of lighter weight, i^-in. crack 
is obtainable in the best practice of manufacture and installation, J^-in. crack considered to represent average 
practice. 

iMade of heavy sections. Ventilators swing in or out and stay set at any degree of opening. }6-in. crack 
is obtainable in the best practice of manufacture and installation, 14-in. crack considered to represent 
average practice. 

kWith reasonable care in installation, leakage at contacts where windows are attached to steel frame- 
work and at muUions is negligible. With 34-iu. crack, representing poor installation, leakage at contact 
with steel framework is about one-third, and at muHions about one-sixth of that given for industrial pivoted 
windows in the table. 
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WINDOW LEAKAGE 

The amount of infiltration for various types of windows is given in 
Table 2. The fit of double-hung wood windows is determined by crack 
and clearance. Crack thickness is equivalent to one-half the difference 
between the inside window frame dimension and the outside sash width. 
The difference^ between the width of the window frame guide and the 
sash thickness is considered as the clearance. The length of the perimeter 
opening or cracky for a double-hung window is equal to three times the 
width plus two times the height, or in other words, it is the outer sash 
perimeter length plus the meeting rail length. Values of leakage shown in 
Table 2 for the average double-hung wood window were determined by 
setting the average measured crack and clearance found in a field survey 
of a large number of windows on nine windows tested in the laboratory. 
In addition, the table gives figures for a poorly fitted window. All of the 
figures for double-hung wood windows are for the unlocked condition. 
Just how a window is closed, or fits when it is closed, has considerable 
influence on the leakage. The leakage will be high if the sash are short, 
if the meeting rail members are warped, or if the frame and sash are not 
fitted squarely to each other. It is possible to have a window with 
approximately the average crack and clearance that will have a leakage 
at least double that of the figures shown. Values for the average double- 
hung wood window in Table 2 are considered to be easily obtainable 
figures provided the workmanship on the window is good. Should it be 
known that the windows under consideration are poorly fitted, the larger 
leakage values should be used. Locking a window generally decreases its 
leakage, but in some cases may push the meeting rail members apart and 
increase the leakage. On windows with large clearances, locking will 
usually reduce the leakage. 

Wood casement windows may be assumed to have the same unit 
leakage as for the average double-hung wood window when properly 
fitted. Locking, a normal operation in the closing of this type of window, 
maintains the crack at a low value. 

For metal pivoted sash, the length of crack is the total perimeter of the 
movable or ventilating sections. Frame leakage on steel windows may be 
neglected when they are properly grouted with cement mortar into brick 
work or concrete. When they are not properly sealed, the linear feet of 
sash section in contact with steel work at mullions should be figured at 
25 per cent of the values for industrial pivoted windows as given in 
Table 2. 

When storm sash are applied to well fitted windows, very little re- 
duction in infiltration is secured, but the application of the sash does give 
an air space which reduces the heat transmission and helps prevent the 
frosting of the windows. When storm sash are applied to poorly fitted 
windows, a reduction in leakage of 50 per cent may be secured. 

DOOR LEAKAGE 

Doors vary greatly in fit because of their large size and tendency to 
warp. For a well fitted door, the leakage values for a poorly fitted double- 
hung wood window may be used. If poorly fitted, twice this figure should 

119 



HEATING VENTILATING AIR CONDITIONING GUIDE 1942 


be used. If weatherstripped, the values may be reduced one-half. A 
single door which is frequently opened, such as might be found in a store, 
should have a value applied which is three times that for a well fitted 
door. This extra allowance is for opening and closing losses and is kept 
from being greater by the fact that doors are not used as much in the 
coldest and windiest weather. 

The infiltration rate through swinging and revolving doors is generally 
a matter of judgment by the engineer making cooling load determinations 
and in the absence of adequate research data the values given in Table 3 
represent current engineering practice. These values are based on the 
average number of persons in a room at a specified time, which may also 
be the same occupancy assumed for determining the outside ventilation 
requirements outlined in Chapters 2 and 7. 


Table 3. Infiltration Through Outside Doors for Cooling Loads^ 
Expressed in Cubic Feet per Minute per Person in Room 


Pair 36 m. Swinging 
Doors, Single 

ENTRANCsb 

7.5 

4.5 

7.0 

6.0 
25.0 

8.0 

2.5 

7.0 

2.5 

3.5 

5.0 

3.5 

3.0 

2.0 

2.5 

2.5 

3.5 


»For doors located in only one wall or where doors in other walls are of revolving type. 

^Vestibules with double pair swinging doors, infiltration may be assumed 75 per cent of swinging 
door values. 

Infiltration for 72 in. revolving doors may be assumed 60 per cent of swinging door values. 


SELECTION OF WIND VELOCITY 

Although all authorities do not agree upon the value of the wind veloc- 
ity that should be chosen for any given locality, it is common engineering 
practice to use the average wind velocity during the three coldest months 
of the year. Average wind velocities for the months of December, 
January and February for various cities in the United States and Canada 
are given in Table 2, Chapter 6. 

In considering both the transmission and infiltration losses, the more 
exact procedure would be to select the outside temperature and the wind 
velocity corresponding thereto, based on Weather Bureau records, whidi 
would result in the maiximum heat demand. Since the proportion of 
transmission and infiltration losses varies with the construction and is 


Application 


Bank 

Barber Shop.^ 

Broker’s Office 

Candy and Soda..,. 

Cigar Store. 

Department Store.. 

Dress Shop- 

Drug Store 

Furrier 

Hospital Room 

Lunch Room 

Men’s Shop 

Office. 

Office Building.- 

Public Building 

Restaurant 

Shoe Store 
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different for every building, the proper combination of temperature and 
wind velocity to be selected would be different for every type of building, 
even in the same locality. Furthermore, such a procedure would necessi- 
tate, a laborious cut-and-try process in every case in order to determine 
the worst combination of conditions for the building under consideration. 
It would also be necessary to consider heat lag due to heat capacity in the 
case of heavy masonry walls, and other factors, to arrive at the most 
accurate solution of the problem. Although-heat capacity should be con- 
sidered wherever possible, it is seldom possible to accurately determine the 
worst combination of outside temperature and wind velocity for a given 
building and locality. The usual procedure, with modification explained 
in Chapter 6, is to select an outside temperature which is not more than 
16 F above the lowest recorded, and the average wind velocity during 
the months of December, January and February. 

The direction of prevailing winds may usually be included within an 
angle of about 90 deg. The windows that are to be figured for prevailing 
and non-prevailing winds will ordinarily each occupy about one-half the 
perimeter of the structure, the proportion varying to a considerable extent 
with the plan of the structure. (See discussion of wind movement in 
Chapter 42 and Table 2 in Chapter 6.) 

CRACK LENGTH USED FOR COMPUTATIONS 

In no case should the amount of crack used for computation be less 
than half of the total crack in the outside walls of the room. Thus, in a 
room with one exposed wall, take all the crack; with two exposed walls, 
take the wall having the most crack; and with three or four exposed walls, 
take the wall having the most crack; but in no case take less than half the 
total crack. For a building having no partitions, whatever wind enters 
through the cracks on the windward side must leave through the cracks 
on the leeward side. Therefore, take one-half the total crack for com- 
puting each side and end of the building. 

The amount of air leakage is sometimes roughly estimated by assuming 
a certain number of air changes per hour for each room, the number of 
changes assumed being dependent upon the type, use and location of the 
room, as indicated in Table 4. This method may be used to advantage as 
a check on the calculations made in the more exact manner. 

MULTI-STORY BUILDINGS 

In tall buildings, infiltration may be considerably influenced by tem- 
perature difference or chimney effect which will operate to produce a 
head that will add to the effect of the wind at lower levels and subtract 
from it at higher levels. On the other hand, the wind velocity at lower 
levels may be somewhat abated by surrounding obstructions. Further- 
more, the chimney effect is reduced in multi-story buildings by the partial 
isolation of floors preventing free upward movement, so that wind and 
temperature difference may seldom cooperate to the fullest extent. 
Making the rough assumption that the neutral zone is located at mid- 
height of a building, and that the temperature difference is 70 F, the 
following formulae may be used to determine an equivalent wind velocity 
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Table 4. Air Changes Taking Place under Average Conditions Exclusive 
OF Air Provided for Ventilation 


Kind op Room or Building 

Number op Air Changes 
Taring Place 

PER Hour 

RoornSj 1 aide exposed , . 

1 

RnnmSj 2 aides exposed - - - 

IH 

2 

Rooms, aides exposed - 

Rooms 4 aides exposed -- 

2 

Rooms with no windows or outside doors _ 

y2toH 

2 to 3 

Entrance Halls ... 

Reception Halls 

2 

living; Rooms - ___ _ 

1 to 2 

Dining Rooms. . 

1 to 2 

Bath Rooms 

Drug Stores... 

Clothing Stores ... __ . 

2 

2 to 3 

1 

Churohea, Fa rt oriea, T.offa, etr. 

Hto3 



to be used in connection with Tables 1 and 2 that will allow for both wind 
velocity and temperature difference: 

Jlfe = - 1.75 (2 (1) 


where 


Me = + 1.75 h (2) 

Me = equivalent wind velocity to be used in conjunction with Tables 1 and 2. 
M = wind velocity upon which infiltration would be determined if tem- 
perature difference were disregarded. 

a = distance of windows under consideration from mid-height of building 
if above mid-height. 
h = distance if below mid-height. 


The coefficient 1.75 allows for about one-half the temperature difference head. 


For buildings of unusual height, Equation 1 would indicate negative 
infiltration at the highest stories, which condition may, at times, actually 
exist. 


Sealing of Vertical Openings 

In tall, multi-story buildings, every effort should be made to seal off 
vertical openings such as stair- wells and elevator shafts from the re- 
mainder of the building. Stair-wells should be equipped with self-closing 
doors, and in exceptionally high buildings, should be closed off into 
sections of not over 10 floors each. Plaster cracks should be filled. 
Elevator enclosures should be tight and solid doors should be used. 

If the sealing of the vertical openings is made effective, no allowance 
need be made for the chimney effect. Instead, the greater wind move- 
ment at the greater heights makes it advisable to install additional heating 
surface on the upper floors above the level of neighboring buildings, this 
additional surface being increased as the height is increased. One 
arbitrary rule is to increase the heating surface on floors above neighboring 
buildings by an amount ranging from 5 per cent to 20 per cent. This extra 
heating surface is required only on the windward side and on windy days, 
and hence automatic temperature control is especially desirable with such 
installations. 
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In stair-wells that are open through many floor levels although closed 
off from the remainder of each floor by doors and partitions, the strati- 
fication of air makes it advisable to increase the amount of heating surface 
at the lower levels and to decrease the amount at higher levels even to the 
point of omitting all heating surface on the top several floor levels. One 
rule is to calculate the heating surface of the entire stair-well in the usual 
way and to place 50 per cent of this in the bottom third, the normal 
amount in the middle third and the balance in the top third. 

HEAT EQUIVALENT OF AIR INFILTRATION 
Sensible Heat Loss 

The heat required to warm cold outside air, which enters a room by 
infiltration, to the temperature of the room is given by the equation: 

Hs = 0.24 to) (3) 

where 

Hq — heat required to raise temperature of air leaking into building from to to ti 
Btu per hour. 

0.24 = specific heat of air. 

Q = volume of outside air entering building, cubic feet per hour. 

d = density of air at temperature ^o, pounds per cubic foot. 

ti — room air temperature, degrees Fahrenheit. 

to — outside air temperature, degrees Fahrenheit. 

Latent Heat Loss 

When it is intended to add moisture to air leaking into a room for the 
maintenance of proper winter comfort conditions, it is necessary to 
determine the heat equivalent to evaporate the required amount of water 
vapor, which may be calculated by the equation : 

where 

Hi = heat required to increase moisture content of air leaking into building from 
Mo to Mi, Btu per hour. 

Q = volume of outside air entering building, cubic feet per hour. 

d = density of air at temperature ti, pounds per cubic foot. 

Mi = vapor density of inside air, grains per pound of dry air. 

Mo — vapor density of outside air, grains per pound of dry air. 

L = latent heat of vapor at Mu Btu per pound. 

It is sufficiently accurate to use d = 0.075 Ib, in which case Equation 3 
reduces to 5 and if the latent heat of vapor is assumed for general condi- 
tions as 1060 Btu per pound Equation 4 reduces to 6. 

Hs - 0.018 Qih- to) (5) 

Hi - 0.0114 Q {Mi - Mo) (6) 

Changing the temperature and vapor subscripts in Equations 5 and 6 
to {to — and (Mo — Mi) permits the use of these same formulae for 
determining the sensible and latent heat gains due to infiltration in 
cooling load computations. 

If a building has more than one room which is divided by interior walls 
or partitions, it is sufficiently accurate to use half of the total infiltration 
losses for determining the total heat requirements. Where buildings 
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have no interior walls, the infiltration losses are calculated by using 
one-half of the total crack, in which case the entire infiltration loss should 
be considered. 
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Chapter 6 


HEATING LOAD 


Heat Demand Design Factors, Method of Procedure, Inside 
and Outside Temperatures, Wind Velocity Effects, Auxiliary 
Heat Sources, Wall Condensation, Heat Loss Computation 


T O design any system of heating, the maximum probable heat demand 
must be accurately estimated in order that the apparatus installed 
shall be capable of maintaining the desired temperature at all times. The 
factors which govern this maximum heat demand — most of which are 
seldom, if ever, in equilibrium — include the following: 

1. Outside temperature. 

2. Rain or snow. ^ Outside Conditions 

3. Sunshine or cloudiness. ‘ [The Weather) 

4. Wind velocity. 


5. Heat transmission of exposed parts of building. 

6. Infiltration of air through cracks, crevices and 

open doors and windows. 

7. Heat capacity of materials. 

8. Rate of absorption of solar radiation by exposed 

materials. 


Building 

Construction 


9. Inside temperatures. 

10. Stratification of air, 

11. Type of heating system. I Inside 

12. Ventilation requirements. Conditions 

13. Period and nature of occupancy. 

14. Temperature regulation. 


The inside conditions vary from time to time, the physical properties of 
the building construction may change with age, and the outside conditions 
are changing constantly. Just what the worst combination of all of these 
variable factors is likely to be in any particular case is therefore con- 
jectural. Because of the nature of the problem, extreme precision in 
estimating heat losses at any time, while desirable, is hard to attain. 

The procedure to be followed in determining the heat loss from any 
building can be divided into seven consecutive steps, as follows : 

1. Determine on the inside air temperature, at the breathing line or the 30-in. line, 
which is to be maintained in the building during the coldest weather. (See Table 1.) 

2. Determine on an outside air temperature for design purposes, based on the minimum 
temperatures recorded in the locality in question, which will provide for all but the 
most severe weather conditions. Such conditions as may exist for only a few consecu- 
tive hours are readily taken care of by the heat capacity of the building itself. 
(See Table 2.) 

3. Select or compute the heat transmission coefficients for outside walls and glass; 
also for inside walls, floors, or top-floor ceilings, if these are next to unheated space; 
include roof if next to heated space. (See Chapter 4.) 
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4. Measure up net outside walL glass and roof next to heated spaces, as well as any 
cold walls, floors or ceilings next to unheated space. Such measurements are made from 
building plans, or from the actual building. 

5. Compute the heat transmission losses for each kind of wall, glass, floor, ceiling 
and roof in the building by multiplying the heat transmission coefficient in each case 
by the area of the surface in square feet and the temperature difference between the 
inside and outside air. (See Items 1 and 2.) 

6. Select unit values and compute the heat equivalent of the infiltration of cold air 
taking place around outside doors and windows. These unit values depend on the kind or 
width of crack and wind velocity, and when multiplied by the length of crack and the 
temperature difference between the inside and outside air, the result expresses the heat 
required to warm up the cold air leaking into the building per hour. (See Chapter 5.) 

7. The sum of the heat losses by transmission (Item 5) through the outside wall and 
glass, as well as through any cold floors, ceilings or roof, plus the heat equivalent (Item 6) 
of the cold air entering by infiltration represents the total heat loss equivalent for any 
building. 

Item 7 represents the heat losses after the building is heated and under 
stable operating conditions in coldest weather. Additional heat is 
required for raising the temperature of the air, the building materials and 
the material contents of the building to the specified standard inside 
temperature. 

The rate at which this additional heat is required depends upon the 
heat capacity of the structure and its material contents and upon the 
time in which these are to be heated. 

This additional heat may be figured and allowed for as conditions re- 
quire, but inasmuch as the heating system proportioned for taking care 
of the heat losses will usually have a capacity about 100 per cent greater 
than that required for average winter weather, and inasmuch as most 
buildings may either be continuously heated or have more time allowed 

Table 1. Winter Inside Dry-Bulb Temperatures Usually Specified^ 


Ttpb op Building 

Deg Fabb 

Type or BumDiNa 

Deg Fahb 

Schools 


Theaters — 


Class rooms 

70-72 

Seating space 

68-72 

Assembly rooms.. 

68-72 

Lnnngfi rnnms 

68-72 

Gymnasiums 

55-65 

Toilets 

68 

Toilets and baths 

70 


Wardrobe and locker rooms 

65-68 

Hotels — 


Kitchens... 

66 

Bedrooms and baths 

70 

Dining and lunch rooms 

65-70 

Dining moms 

70 

Playrooms 

60-65 

Kitchens and laundries 

66 

Natatoriums- 

75 

Ballrooms 

65-6S 



Toilets and service rooms 

68 

Hospitals — 




Private rooms. 

70-72 

Homtcs 

70-72 

Private rooms (surgical) 

70-80 

Stores 

65-68 

Operating rooms 

70-95 

PTTRT.TO nTTTT.DTKOS 

68-72 

Wards 

68 

Warm air baths.. 

120 

Kitchens and laundries 

! 66 

Steam baths __ 

1 110 

Toilets. 

68 

Factories and machine shops 

60-65 

Bathrooms 

70-80 

Foundries and boiler shops 

50-60 



Paint shops 

80 


aThe most comfortable dry-bulb temperature to be maintained depends on the relative humidity and 
air motion. These three factors considered together constitute what is termed the effective temperature^ 
(See Chapter 2.) 
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for heating-up during the few minimum temperature days, no allowance 
is made except in the size of boilers or furnaces. 

INSIDE TEMPERATURES 

The inside air temperature which must be maintained within a building 
and which should always be stated in the heating specifications is under- 
stood to be the dry-bulb temperature at the breathing line, 5 ft above the 
floor, or the 30-in, line, and not less than 3 ft from the outside walls. 
Inside air temperatures, usually specified, vary in accordance with the use 
to which the building is to be put and Table 1 presents values which con- 
form with good practice. 

The proper dry-bulb temperature to be maintained depends upon the 
relative humidity and air motion, as explained in Chapter 2. In other 
words, a person may feel warm or cool at the same dry-bulb temperature, 
depending on the relative humidity and air motion. The optimum winter 
effective temperature for sedentary persons, as determined at the A.S.H. 
V.E. Research Laboratory, is 66 deg. 

According to Fig. 6, Chapter 2, for so-called still air conditions, a 
relative humidity of approximately 50 per cent is required to produce an 
effective temperature of 66 deg when the dry-bulb temperature is 70 F. 
However, even where provision is made for artificial humidification, the 
relative humidity is seldom maintained higher than 40 per cent during the 
extremely cold weather, and where no provision is made for humidifica- 
tion, the relative humidity may be 20 per cent or less. Consequently, in 
using the figures listed in Table 1, consideration should be given to 
whether provision is to be made for humidification, and if so, the actual 
relative humidity to be maintained. 

Temperature at Proper Level: In making the actual heat loss compu- 
tations, however, for the various rooms in a building it is often necessary 
to modify the temperatures given in Table 1 so that the air temperature 
at the proper level will be used. By air temperature at the proper l&uel is 
meant, in the case of walls, the air temperature at the mean height be- 
tween floor and ceiling; in the case of glass, the air temperature at the 
mean height of the glass ; in the case of roof or ceiling, the air temperature 
at the mean height of the roof or ceiling above the floor of the heated 
room; and in the case of floors, the air temperature at the floor level. In 
the case of heated spaces adjacent to unheated spaces, it will usually be 
sufficient to assume the temperature in such spaces as the mean between 
the temperature of the inside heated spaces and the outside air tempera- 
ture, excepting where attic temperature may be calculated as discussed 
later or where the combined heat transmission coefficient of the roof and 
ceiling can be used, in which case the usual inside and outside tempera- 
tures should be applied. (See discussion regarding the use of combined 
coefficients of roofs, attics and' top-floor ceilings Chapter 4. 

Attic Temperature: It is the practice in many cases to estimate the 
heat loss through top-floor ceilings by assuming the attic temperature 
to be the mean between the inside and outside temperatures. In the case 
of attics with thick insulations between the ceiling joists, the attic tem- 
perature will ordinarily be only a few degrees above the outside tempera- 
tures rather than the mean between the inside and outside temperatures. 
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Therefore, calculations based on the latter assumption are likely to be 
somewhat in error. A formula for calculating attic temperatures is: 

_ AcUch to {ArUy -^g^g) 

ArUr^A^U^+A^Ug-\-AcUc 

where 

ia = attic temperature, degrees Fahrenheit. 
h — inside temperature near top floor ceiling, degrees Fahrenheit. 
to = outside temperature, degrees Fahrenheit. 

Ac area of ceiling, square feet. 

At = area of roof, square feet. 

A^fJ = area of net vertical wall surface, square feet. 

Ag — area of glass, square feet. 

Uc = coefficient of transmission of ceiling, based on surface coefficient of 2.20 (upper 
surface, see Chapter 4). 

Ur — coefficient of transmission of roof, based on surface coefficient of 2.20 (lower 
surface, see Chapter 4). 

Uvf = coefficient of transmission of vertical wall surface. 

TJg = coefficient of transmission of glass. 

Example 1. Calculate the temperature in an unheated attic, assuming the following 
conditions: k — 70; to = 10; Ac = 1000; Ax = 1200; .4^ = 100; As — 10; Ur = 0.50; 
Uc = 0.40; Uv7 = 0.30; Z7g - 1.13. 


Solution: Substituting these values in Equation 1 : 

_ (1000 X 0.40 X 70) + 10 [(1200 X 0.50) + (100 X 0.30) + (10 X 1.13)] 
^ (1200 X 0.50) + (100 X 0.30) + (10 X 1.13) + (1000 X 0.40) 

ia. = = 33.1 F. 


High Ceilings : , Research data concerning stratification of air in build- 
ings are lacking, but in general it may be said that where the increase in 
temperature is due to the natural tendency of the warmer or less dense 
air to rise, as where a direct radiation system is installed, the temperature 
of the air at the ceiling increases with the ceiling height. The relation, 
however, is not a straight line function, as the amount of increase per foot 
of height apparently decreases as the height of the ceiling increases, ac- 
cording to present available information*. 

Where ceiling heights are under 20 ft, it is common engineering practice 
to consider that the Fahrenheit temperature increases 2 per cent for each 
foot of height above the breathing line. This rule, sufficiently accurate 
for most cases, will give the probable air temperature at any given level 
for a room heated by direct radiation. Thus, the probable temperature 
in a room at a point 3 ft above the breathing line, if the breathing line 
temperature is 70 F, will be [1.00 (3 X 0.02)] 70 = 74.2 F. 

With certain types of heating and ventilating systems, which tend to 
oppose the natural tendency of warm air to rise, the temperature differ- 
ential between floor and ceiling can be greatly reduced. These include 
unit heaters, fan-furnace heaters, and the various types of mechanical 
ventilating systems. The amount of reduction is problematical in certain 
instances, as it depends upon many factors such as location of heaters, 


^A.S.H.y.E. Research Report No. 958 — ^Temperature Gradient Observations in a Large Heated Space, 
Nelson and O. C. Cromer (A.S.H.V.E. Transactions, Vol. 39, 1933, p. 243), 
A.S.H.yjB:. Research^port No 1011— Tests of Three Heating Systems in an Industrial Type of Budd- 
ing, by G. L. Larson, D. W, Nelson and John James (A.S.H V.E. Transactions, Vol. 41, 1935, p. 185). 


128 




CHAPTER 6. HEATING LOAD 


air temperature, and direction and velocity of air discharge. In some 
cases it has been possible to reduce the temperature between the floor 
and ceiling by a few degrees, whereas, in other cases, the temperature at 
the ceiling has actually been increased because of improper design, instal- 
lation or operation of equipment. So much depends upon the factors 
enumerated that it is not advisable to allow less than 1 per cent per foot 
(and usually more) above the breathing line in arriving at the air tem- 
perature at any given level for any of these types of heating and ventilating 
systems, unless the manufacturers are willing to guarantee that the par- 
ticular type of equipment under consideration will maintain a smaller 
temperature differential for the specific conditions involved. 

Temperature at Floor Level: In determining mean air temperatures 
just above floors which are next to ground or unheated spaces, a tempera- 
ture 5 deg lower than the breathing line temperature may be used, pro- 
vided the breathing line temperature is not less than 65 F. 

OUTSIDE TEMPERATURES 

The outside temperature used in computing the heat loss from a build- 
ing is seldom taken as the lowest temperature ever recorded in a given 
locality. Such temperatures are usually of short duration and are rarely 
repeated in successive years. It is therefore evident that a temperature 
somewhat higher than the lowest on record may be properly assumed in 
making the heat loss computations. 

The outside temperature to be assumed in the design of any heating 
system is ordinarily not more than 15 deg above the lowest recorded tem- 
perature as reported by the Weather Bureau during the preceding 10 
years for the locality in which the heating system is to be installed. In 
the case of massive and well insulated buil&ngs in localities where the 
minimum does not prevail for more than a few hours, or where the lowest 
recorded temperature is extremely unusual, more than 15 deg above the 
minimum may be allowed, due primarily to the fly-wheel effect of the heat 
capacity of the structure. The outside temperature assumed and used in 
the design should always be stated in the heating specifications. Table 2 
lists the coldest dry-bulb temperatures ever recorded by the Weather 
Bureau at the places listed. Recommended design temperatures are given 
in Column E. 

If Weather Bureau reports are not available for the locality in question, 
then the reports for the station nearest to this locality are to be used, 
unless some other temperature is specifically stated in the specifications. 
In computing the average heat transmission losses for the heating season 
in the United States the average outside temperature from October 1 
to May 1 should be used. 

WIND VELOCITY EFFECTS 

The effect of wind on the heating requirements of any building should 
be given consideration under two heads: 

1. Wind movement increases the heat transmission of walls, glass, and roof, affecting 
poor walls to a much greater extent than good walls. 

2. Wind movement materially increases the infiltration (inleakage) of cold air through 
the cracks around doors and windows, and even through the building materials them- 
selves, if such materials are at all porous. 
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Table 2. Climatic Conditions Compiled from Weather Bureau Records^ 


Col. a 

Col B 

Col. C 

Col. D 

Col. E 

Col. F 

Col. G 

State 

City 

Average 
Temperature, 
Oct. 1- 
May 1 

Lowest 

Tempera- 

ture 

Ever 

Reported 

Recom- 

mended 

Design 

Tempera- 

ture 

Average 
Wind 
Velocity 
Dec . Jan., 
Feb., Miles 
per Hour 

Direction of 
Prevailing 
Wind, 
Dec., Jan., 
Feb. 

Ala 

Birmingham 

53.8 

-10 

10 

8.5 

N 


Mobile 

68.9 

-1 

20 

10.4 

N 

Ariz 

Flagstaff 

35.8 

-25 

-10 

7.8 

SW 


Phoenix 

59.5 

12 

25 

6.4 

E 

Ark 

Fort Smith 

50.4 

-15 

5 

8.1 

E 


Little Rock 

51.6 

-12 

10 

8.7 

NW 

Calif 

Los Angeles. 

58.5 

28 

’ 30 

6.3 

NE 


San Francisco 

54.2 

27 

30 

7.6 

N 

Colo 

Denver.- 

38.9 

-29 

-15 

7.5 

S 


Grand Junction 

38.9 

-21 

-10 

5.3 

NW 

Conn..... 

New Haven 

38.4 

-15 

0 

9.7 

N 

D. C 

Washington 

43.4 

-15 

0 

7.1 

NW 


Jacksonville. _ 

62.0 

10 

25 

9.2 

NE 

Ga 

Atlanta 

51.5 

-8 

10 

12.1 

NW 


Savannah 

58.5 

8 

15 

9.5 

NW 

Idaho 

Lewiston 

42.3 

-23 

-5 

5.3 

E 


Pocatello 

35.7 

-28 

-10 

9.6 

SE 

111 

Chicago 

36.4 

-23 

-10 

12.5 

W 


Springfield. 

39.8 

-24 

-10 

10.1 

NW 

Ind 

Evansville 

45.1 

-16 

0 

9.8 

s 


Indianapolis 

40.3 

-25 

-10 

11.5 

SW 

Iowa. 

Dubuque. 

33.9 

-32 

-20 

7.1 

NW 


Sioux City. 

32.6 

1 -35 

-20 

11.6 

NW 

Kans... ' 

Concordia 

39.8 

t -25 

-10 

8.1 

s 


Dodge City 

41.4 

‘ -26 

-10 

9.8 

NW 

Ky. 

T .niiisvillp! 

45.3 

—20 

—5 

9.9 

SW 

r ^ - 

La. 

New Orleans 

61.6 

7 

20 

8.8 

N 


Shreveport- 

56.2 

! -5 

10 

8.9 

SE 

Me 

Eastport 

31.5 

1 -23 

-10 

12.0 

W 


Portland. 

33.8 

-21 

-10 

9.2 

NW 

Md 

Baltimore. 

' 43.8 

-7 

10 

7.8 

NW 

Mass 

Boston _ _ 

38.1 

-18 

0 

11.2 

W 

Mich 

Alppna 

29,6 

—28 

—10 

12.4 

w 


Detroit 

35.8 

-24 

-10 

12;7 

SW 


Marque ttCL.. 

28.3 

-27 

-10 

11.1 

NW 

Minn. 

Duluth. 

24.3 

-41 

-30 

12.6 

SW 


Minneapolis. 

29.4 

-33 

-20 

11.3 

NW 

Miss 

Vicksburg 

56.8 

-1 

15 

8.3 

SE 

Mo. 

St. Joseph 

40.7 

-24 

-10 

9.3 

NW 


St. Louis - 

43.6 

-22 

-5 

116 

S 


Springfield 

44.3 

-29 

-10 

10.8 

SE 

Mont. 

Billings. - _ _ 

34.0 

—49 

—30 


W 


Havre. 

27.6 

-57 

-30 

9.5 

SW 

Nebr 

Lincoln 

37.0 

—29 

— 15 

10.5 

s 


North Platte. 

35.4 

-35 

-20 

sis 

W 

Nev 

Tonopah 

39.4 

—10 

5 

10.0 

SE 


Winnemucca 

37.9 

-28 

-15 

8!7 

NE 

N. H..... 

Concord 

33.3 

—35 

—20 

6.6 

NW 

N. 

Atlantic City 

41.6 

—9 

5 

isio 

NW 

N. Y 

Albany 

35.2 

—24 

—5 

81 

xy vv 
c 


RnflFj^lo 

34.8 

-20 

0 

17!2 

o 

W 


New York 

40.7 

-14 

0 

17.1 

NW 

N. M..-. 

Santa Fe 

38.3 

-13 

0 

7.8 

NE 


a-United States data from U. S. Weather Bureau. 
Canadian data from Meteorological Service of Canada. 
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Table 2 Climatic Conditions Compiled from Weather Bureau Records® — 

(Concluded) 


Col. a 

Col. B 

Col. C 

Col. D 

Col E 

Col. F 

Col. G 

State 

or 

Province 

City 

Average 
Temperature, 
Oct. 1- 
May 1 

Lowest 

Tempera- 

ture 

Ever 

Reported 

Recom- 

mended 

Design 

Tempera- 

ture 

Average 
Wind 
Velocity 
Dec., Jan., 
Feb., Miles 
per Hour 

Direction of 
Prevailing 
Wind. 
Dec., Jan., 
Feb. 

N. C 

Raleigh 

50.0 

-2 

15 

8.2 

sw 


Wilmington 

54,2 

5 

20 

8.5 

sw 

N. D.- 

Bismarck 

24.6 

—45 

—30 

9.1 

NW 


Devils Lake. 

20.3 

-44 

-30 

10.6 

w 

Ohio 

Cleveland 

37.2 

— 17 

—5 

13.0 

sw 


Columbus 

39.9 

-20 

-10 

12.0 

sw 

Okla 

Oklahoma City.-... 

47.9 

-17 

0 

12.0 

N 

Ore... 

Rakf^r 

35.2 

—24 

— 15 

6.9 

SE 


Portland 

46.1 

-2 

10 

7.5 

S 

Pa 

Philadelphia 

42.7 

—6 

0 

11.0 

NW 


Pittsburgh 

41.0 

-20 

-5 

11.7 

W 

R. T. 

Providence- 

37.2 

-17 

0 

12.8 

NW 

S. C..„.-. 

Charleston 

57.4 

7 

15 

10.6 

SW 


Columbia 

54.0 

-2 

10 

8.1 

NE 

S. D 

Huron...-. 

28.2 

-43 

-25 

10.6 

NW 


Rapid City 

33.4 

-34 

-20 

8.2 

W 

Tenn 

Knoxville 

47.9 

-16 

0 

7.8 

SW 


Memphis 

51.1 

1 ~9 

0 

9.7 

s 

Texas.... 

El Paso 

53.5 

i —5 

1 0 

10.4 

NW 


Ft. Worth 

55.2 

-8 

0 

10.4 

NW 


San Antonio 

60.6 

4 

10 

8.0 

NE 

Utah 

Modena 

36.3 

-24 

-15 

8.8 

W 


Salt Lake City 

40.0 

-20 

-10 

6.7 

SE 

Vt 

Burlington... 

31.5 

-29 

-20 

11.8 

S 

Va 

Lynchburg. 

46.8 

-7 

10 

7.1 

NW 


Norfolk 

49.3 

2 

15 

12.5 

N 


Richmond 

47.0 

-3 

10 

7.9 

SW 

Wash..-. 

Seattle 

44.8 

3 

15 

11.3 

SE 


Spokane 

37,7 

-30 

-15 

7.1 

SW 

W. Va... 

Elkins. 

39.4 

-28 

-10 

6.6 

W 


Parkersburg. 

42.6 

-27 

-10 

7.5 

SW 

Wis 

Creen Ray 

30.0 

-36 

-20 

10.4 

sw 


LaCrosse 

31.7 

-43 

-25 

7.3 

s 


Milwaukee.™ 

33.4 

-25 

-10 

11.5 

w 

Wyo 

Lander 

30.0 

-40 

-25 

5.0 

sw 


Sheridan 

30.7 

-41 

-25 

6.0 

NW 

Alta 

Edmonton 

23.0 

-57 

-20 

6.5 

sw 

B. C. 

Vanroiiver 

42.0 

2 

15 

4.5 

E 


Victoria 

43.9 

-1.5 

15 

12.5 

N 

Man 

Winnipeg. 

17.5 

-47 

-30 

10.0 

NW 

N. B 

Fredericton 

27.0 

-35 

-10 

9.6 

NW 

N. S,.-... 

Yarmouth. 

35.0 

-12 

0 

14.2 

NW 

Ont 

I.ondon 

32.6 

-27 

0 

10.3 

sw 


Ottawa.- 

26.5 

-34 

-10 

8.4 

NW 


Port Arthur. 

22.4 

-37 

-15 

7.8 

NW 


Toronto 

32.9 

-26.5 

-5 

13.0 

sw 

P. E. L 

Charlottetown 

29.0 

-27 

-5 

9.4 

sw 


Montreal 

27.8 

-29 

-10 

14.3 

sw 


Quebec 

24.2 

-34 

-10 

13.6 

sw 

Sasjk 

Prince Albert 

15.8 

-70 

-55 

5.1 

w 

Yukon.. 

Dawson 

2.1 

-68 

-50 

3.7 

s 


aUnited States data from U. S. Weather Bureau. 
Canadian data from Meteorological Service of Canada. 
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Theoretically as a basis for design, the most unfavorable combination 
of temperature and wind velocity should be chosen. It is entirely possible 
that a building might require more heat on a windy day with a moderately 
low outside temperature than on a quiet day with a much lower outside 
temperature. However, the combination of wind and temperature which 
is the worst would differ with different buildings, because wind velocity 
has a greater effect on buildings which have relatively high infiltration 
losses. It would be possible to work out the heating load for a building 
for several different combinations of temperature and wind velocity which 
records show to have occurred and to select the worst combination ; but 
designers generally do not feel that such a degree of refinement is justified. 
Therefore, pending further studies of actual buildings, it is recommended 
that the average wind movement in any locality during December, 
January and February be provided for in computing (1) the heat trans- 
rnission of a building, and (2) the heat required to take care of the infiltra- 
tion of outside air. 

The first condition is readily taken care of, as explained in Chapter 4, 
by using a surface coefficient for the outside wall surface which is based 
on the proper wind velocity. In case specific data are lacking for any 
given locality, it is sufficiently accurate to use an average wind velocity of 
approximately 16 mph which is the velocity upon which the heat trans- 
mission coefficient tables in Chapter 4 are based. 

In a similar manner, the heat allowance for infiltration through cracks 
and walls (Tables 1 and 2, Chapter 6) must be based on the proper wind 
velocity for a given locality. In the case of tall buildings special attention 
must be given to infiltration factors. (See Chapter 5.) 

In the past many designers have used empirical exposure factors which 
were arbitrarily chosen to increase the calculated heat loss on the side or 
sides of the building exposed to the prevailing winds. It is also possible 
to differentiate among the various exposures more accurately by calcu- 
lating the infiltration and transmission losses separately for the different 
sides of the building, using different assumed wind velocities. Recent 
investigations show, however, that the wind direction indicated by 
Weather Bureau instruments does not always correspond with the 
direction of actual impact on the building walls, due to deflection by 
surrounding buildings. 

The exposure factor, which is still in use by many engineers, is usually 
taken as 15 per cent, and is added to the calculated heat loss on the side or 
sides exposed to what is considered the prevailing winter wind. There is a 
need for actual test data on this point, and pending the time when it can 
be secured, the question must be left to the judgment of the designing 
engineer. It should be remembered that the values of U in the tables in 
Chapter 4 are based on a wind velocity of 15 mph and that the infiltration 
figures are supposed to be selected from the tables in Chapter 5 to cor- 
respond to the wind velocities given in Table 2 of the present chapter. 

The Heating, Piping and Air Conditioning Contractors National Associ- 
ation has devised a method^ for calculating the square feet of equivalent 
direct radiation required in a building. This method makes use of ex- 


^See Standards of Heating, Piping and Air Conditioning Contractors National Association. 
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posure factors which vary according to the geographical location and the 
angular situation of the construction in question in reference to pre- 
vailing winds and their velocity. 

AUXILIARY HEAT SOURCES 

The heat supplied by persons, lights, motors and machinery should 
always be ascertained in the case of theaters, assembly halls, and in- 
dustrial plants, but allowances for such heat sources must be made only 
after careful consideration of all local conditions. In many cases, these 
heat sources should not be allowed to affect the size of the installation at 
all, although they may have a marked effect on the operation and con- 
trol of the system.^ In general, it is safe to say that where audiences are 
involved,^ the heating installation must have sufficient capacity to bring 
the building up to the stipulated inside temperature before the audience 
arrives. In industrial plants, quite a different condition exists, and heat 
sources, if they are always available during the period of human occu- 
pancy, may be substituted for a portion of the heating installation. In 
no case should the actual heating installation (exclusive of heat sources) 
be reduced below that required to maintain at least 40 F in the building. 

Electric Motors and Machinery 

Motors and the machinery which they drive, if both are located in the 
room, convert all of the electrical energy supplied into heat, which is 
retained in the room if the product being manufactured is not removed 
until its temperature is the same as the room temperature. 

If power is transmitted to the machinery from the outside, then only 
the heat equivalent of the brake horsepower supplied is used. In the 

first case the Btu supplied per hour = X 2546, and 

Efficiency of motor 

in the second case Btu per hour = bhp X 2546, in which 2546 is the 
Btu equivalent of 1 hp-hr. In some mills this is the chief source of 
heating and it is frequently sufficient to overheat the building even in 
zero weather, thus requiring cooling by ventilation the year round. 

The heat (in Btu per hour) from electric lamps is obtained by multi- 
plying the watts per lamp by the number of lamps and by 3.413. One 
cubic foot of producer gas gives off about 150 Btu per hour; one cubic 
foot of illuminating gas about 535 Btu per hour; and one cubic foot of 
natural gas about 1000 Btu per hour. A Welsbach burner averages 
3 cu ft of gas per hour and a fish-tail burner, 5 cu ft per hour. For 
information concerning the heat supplied by persons, see Chapter 2. 

In intermittently heated buildings, besides the capacity necessary 
to care for the normal heat loss which may be calculated according to 
customary rules, additional capacity should be provided to supply the 
heat necessary to warm up the cold material of the interior walls, floors, 
and furnishings. Tests have shown that when a cold building has had its 
temperature raised to about 60 F from an initial condition of about 0 F, 
the heat absorbed from the air by the material in the structure may vary 
from 50 per cent to 150 per cent of the normal heat loss of the building. 
It is therefore necessary, in order to heat up a cold building within a 
reasonable length of time, to provide such additional capacity. If the 
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interior material is cold when people enter a building, the radiation of 
heat from the occupants to the cold material will be greater than is 
normal and discomfort will result. (See Chapter 2.) 

RESIDENCE HEAT LOSS PROBLEMS 

^ Example 2, Calculate the heat loss of residence shown in Fig. 1 located in the 
vicinity of Chicago. Assume inside and outside design temperatures to be 70 F and 
— 10 F respectively. The attic is unheated. Assume ground temperature to be 45 F. 
Estimate infiltration by crack method, assuming average wind velocity to be 12.5 mph 
during December, January and February. No wall, ceiling or roof insulation is to be 
figured in this problem, but all first and second floor windows are to have storm sash. 
The building is constructed as follows (transmission coefficients iU) in parentheses): 

Walls: Brick veneer, building paper, wood sheathing, studding, metal lath and plaster 
(0.28). Walls of dormer over garage, same except wood siding in place of brick veneer 
(0.26). 

Attic Walls: Brick veneer, building paper, wood sheathing on studding (0.42). 

Basement Walls: 10 in. concrete (0.70). 

RooJ: Asphalt shingles on wood sheathing on rafters (0.56). 

Ceiling: (Second floor): Metal lath and plaster (0.69). 

Windows: Double-hung wood windows with storm sash (0.45). Steel casement sash 
in basement (1.13). 

Floor {Bedroom D): Maple finish flooring on yellow pine sub-flooring; metal lath 
and plaster ceiling below (0.25). 

Floor {Basement and Garage): 4 in. stone concrete on 3 in. cinder concrete (0.64). 

Solution: The calculations for this problem are given in Table 3, and a summary 
of the results in Table 4. The values in column F of Table 3 were obtained by multiplying 
together the figures in columns C, D and E. The heat losses are calculated to the nearest 
10 Btu. See reference notes for Table 3 for further explanation of data. 

Attention is called to the summary of heat losses (Table 4) of the uninsulated residence 
(Fig. 1). As storm windows are used in this instance the and door trans- 
mission heat losses of 19.5 per cent are relatively small. The infiltration losses (12.0 
per cent) are also comparatively small in this case because the storm windows se^e 
substantially the same purpose as weatherstripping. In this problem, the wall, ceiling 
and floor transmission losses comprise 68.5 per cent of the total. If the building is 
insulated, the relative heat loss percentages will materially change. (See Example 3 
and Table 5.) 

Example 3. Calculate the heat loss of residence shown in Fig. 1 based ^ on the 
same conditions as in Example 2 but insulated throughout as follows (coefficients in 
parentheses) : 

Walls: Brick veneer, ^^2 in. insulation board sheathing, studding, 1 in. insulation 
board lath and plaster (0.14). Walls of dormer over garage same except wood siding 
in place of brick veneer (0.13). 

Attic Walls: Brick veneer, ^%2 lii* insulation board sheathing on studding (0.28). 

Walls Adjoining Garage: Plaster on 1 in. insulation board, studding, metal lath and 
plaster (0.18). 

Basement Walls {Recreation Room) ; 10 in. concrete, furring strips, H insulation 
board (0.26). 

Roof: Asphalt shingles on wood sheathing on rafters (0.56). 

Ceiling {Second floor): 1 in. insulation board and plaster; in. insulation board on 
top of ceiling joists (0.15). 

Windows: Same as Example 2. 

Floor {Bedroom D) : Maple finish flooring on yellow pine sub-flooring; H in. insulation 
board and plaster ceiling below (0.18). 

Floor {Under Recreation Room) : 4 in. stone concrete, 1 in. insulation board and 3 in 
cinder concrete (0.22). 

Solution: The procedure for calculating the heat losses is similar to that for Example 
2. A summary of the results is given in Table 5. 
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Table 3. Heat Loss Calculation Sheet for Uninsulated Residence 

(Fig. 1) 


A 

B 

C 

D 

E 

F 

G 

Room or Space 

Part op Structure 

Net Area or 
Crack Length 

Coeffi- 

cient 

Temp. 

Dippa 

Heat Loss 
(B tu per hour) 

Totals 
(B tu per hour) 

Bedroom A 

Walls 

Glass 

Infiltration 

Ceiling<i 

23S SQ ft 

40 sq ft 

36 lin ftb 
242 sq ft 

0.28 

0.45 

0.35c 

0.69 

80 

80 

80 

39.8 

5330 

1440 

1010 

6660 

14,440 

Bedroom B 
and Closet 

Walls 

Glass 

Infiltration 

Ceilingd 

156 sq ft 

40 sq ft 

36 lin fte 
160 sq ft 

0.28 

0.45 

0.35 

0.69 

80 

80 

80 

39.8 

3490 

1440 

1010 

4400 

10,340 

Bedroom C 

Walls 

Glass 

Infiltration 

Ceiling<i 

114 sq ft 

27 sq ft 
ISlinftf 
120 sq ft 

0.28 

0.45 

0.35 

0.69 

80 

80 

80 

39.8 

2560 

970 

500 

3300 

7,330 

Bedroom D 
and Closet 

Walls 

Glass 

Infiltration 

Ceiling^ 

Floor over Garage 

118 sq ft 

20 sq ft 

18 lin ft 
120 sq ft 
no sq ft 

0.28 

0.45 

0.35 

0.69 

0.25 

80 

80 

80 

39.8 

352 


8,130 

Bathroom 1 

Walls 

Glass 

Infiltration 

Ceiling^ 

30 sq ft 

14 sq ft 

18 lin ft 

55 sq ft 

0.28 

0.45 

0.35 

0.69 

80 

80 

80 

39.8 

670 

500 

500 
• 1510 

3,180 

Bathroom 2 

Walls 

Glass 

Infiltration 

Ceiling^ 

Floor over Garage 

79 sq ft 

9 sq ft 

15 lin ft 

35 sq ft 

35 sq ft 

0.26 

0.45 

0.35 

0.69 

0.25 

80 

80 

80 

39.8 

35 

1770 

320 

420 

960 

ZIO^ 

3,780 

Living 

Room 

Walls 

Walls (adjoining garage) 
Glass 

Infiltration 

267 sq ft 

94 sq ft 

50 sq ft 

40 lin ft 

0.28 

0.39h 

0.45 

0.35 

80 

35 

80 

80 

5980 

1280“! 

1800 

1120 

10,180 

Dining 

Room 

Walls 

Glass (doors) 

Glass (window) 
Infiltration^ 

166 sq ft 

35 sq ft 

20 sq ft 

31 lin ft 

0.28 

1.13 

0.45 

0.35 

80 

80 

80 

80 

3720 

3160 

720 

870 

8,470 

Kitchen and 
Entrance 
to Garage 

Walls (outside) 

Walls (adjoining garage) 
Infiltration 

Glass 

Door to garage 

96 sq ft 

51 sq ft 

27 lin ft 

18 sq ft 

17 sq ft 

0.28 

0.39h 

0.35 

0.45 

0.51 

80 

35 

80 

80 

35 

2150 

700“ 

760 

650 

300“ 

4,560 

Lavette and 
Vestibule 

Walls (outside) 

Walls (adjoining garage) 
Door 

Glass 

Infiltration 

82 sq ft 

85 sq ft 

19 sq ft 

9 sq ft 

19 lin ft 

0.28 

0.39h 

0.51 

0.45 

0.35 

80 

35 

80 

80 

80 

1840 

1160“ 

780 

320 

530 

j 4,630 
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Table 3. Heat Loss Calculation Sheet for Uninsulated Residence 
(Fig. 1) (Concluded) 


a 

B 

C 

D 

E 

F 

G 

Room or Space 

Part of Structure 

Net Area or 
Crack Length 

Coeffi- 

cient 

Temp. 

DiP.a 

Heat Loss 
(Btu per hour) 

Totals 
(Blu per hour) 

Entrance 

Hall 

Walls 

Door 

Infiltration 

Ceilingd. p 

39 sq ft 

21 sq ft 

20 lin ft 

87 sq ft 

0.28 

0.38 

0.35 

0.69 

80 

80 

80 

39.8 

870 

640 

560 

2490 

4,560 

Garage 

Walls 

Glass 

Doors 

Infiltration 

Floor (heat gain) 

Heat gain 

167 sq ft 

53 sq ft 

44 sq ft 

37 lin ft 
185sqft 

0.28 

1.13 

0.51 

1.625 

0.64k 

45 

45 

45 

45 

-10k 

2110 

2700 

1010 

2700 

-1180 

-4710m 

2,630 

Recreation^ 

Room 

Floor 

Walls 

Glass 

Infiltration 

287 sq ft 
220 sq ft 

8 sq ft 

8 lin ft 

0.64 

0.70 

1.13 

0.76 

25 

25 

80 

80 

■ 

9,660 

Total 






91,890 


aThe inside-outside temperature difference is 70 •— (—10) or 80 F, except where otherwise noted. 

hOnly the south windows are used for arriving at the window crack for this room, on the assumption 
that whatever air enters through the south window cracks will leave through the west window cracks 
or elsewhere. 

■cDouble-hung wood windows with storm sash are assumed to have the same leakage per foot of crack 
as weatherstripped windows. The air leakage per foot of crack is about 19.5 cu ft per foot of crack for a 
wind velocity of 12,5 mph. (See Table 2, Chapter 5.) The heat equivalent of the air leakage per hour per 
degree temperature difference per foot of crack is obtained by multiplying this value by 0.018, or 19.5 X 
0.018 = 0.35. 

din this problem the ceiling heat losses are calculated by estimating the attic temperature and then 
calculating the loss through the ceiling using the proper temperature difference. This unheated attic is not 
ventilated during the winter months. The attic temperature is estimated from Equation 1 to be 30.2 F 
when the outside temperature is — 10 F and the room temperature is 70 F. The temperature difference is 
therefore 70 — 30.2 or 39.8 F. 

eThe window crack in the west wall having two windows is used. 

fOne-half the total crack is used in these rooms. 

gTemperature in garage assumed to be 35 F. 

hCoefBcient for wall adjoining garage calculated on basis of metal lath and plaster on both sides of 
studs. {V = 0.39 ) 

iThe door crack is used for estimating the infiltration in this room and as the French doors are weather- 
stripped the infiltration coefficient is assumed to be the same as in Note b. 

iThe leakage for the garage doors is assumed to be twice that for poorly-fitted double-hung wood windows 
or about 90 cu ft per foot of crack for a wind velocity of 12.5 mph. The infiltration coefficient is therefore 
0.018 X 90 or 1.62. 

kThe ground temperature is assumed to be 45 F and, as the garage temperature is 35 F, the heat transfer 
will be from the ground to the garage, and this heat gain should therefore be subtracted from the heat loss. 
The floor coefficient (£7 0.64) is based on 4 in. stone concrete and 3 in. cinder concrete. This coefficient 

should probably be lower as the ground Itself has some heat resistance value. However, complete data are 
not as yet available. 

mThe heat losses from various rooms into the garage are heat gains for the garage. 

nHeat is to be provided for the recreation room and this space is therefore figured on the basis of a 70 F 
temperature. Heat loss into the basement from recreation room is neglected, the calculations being based 
only on losses through the outside walls, glass and floor. Ground temperature assumed to be 45 F. 

pThe upstairs hall ceiling is included with the downstairs entrance hall because these are connected by 
means of the stairway. The heat should be provided downstairs. 
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Table 4. Summary of Heat Losses of Uninsulated Residence 
Heat losses given in Btu per hour 


Room or Space 

Walls 

Ceiling and Roof 

Floor 

Gla.ss and Door 

Infiltration 

Totals 

Bedroom A 

5330 

6660 


1440 

1010 

14,440 

Bedroom B 

3490 

4400 


1440 

1010 

10,340 

Bedroom C 

2560 

3300 


970 

500 

7,330 

Bedroom D 

2650 

3300 

960 

720 

500 

8,130 

Bathroom 1 

670 

1510 


500 

500 

3,180 

Bathroom 2 

1770 

960 

310 

320 

420 

3,780 

Living Room 

7260 



1800 

1120 

10,180 

Dining Room 

3720 




3880 

870 

8,470 

Kitchen 

2850 



950 

! 760 

4,560 

Lavette 

3000 



1100 

530 

4,630 

Entrance Hall 

870 

2490 


640 

560 

4,560 

Garage 

-1030* 


-2450t 

3410 

2700 

2,630 

Recreation 

3850 


4600 

720 

490 

9,660 

Totals 

36,990 

22,620 

[ 3,420 

17,890 

10,970 

91,890 

Percentages 

40.2 

24.6 

3.7 

19.5 

12.0 

100.0 


♦Wall heat loss of 2110 Btu minus wall heat gain of 3140 Btu 
tHeat gains? 960, 310 and 1180 Btu. 


Table 5. Summary of Heat Losses of Insulated Residence 
Heat losses given in Btu per hour 


Room or Space 

Walls 

Ceiling and Roof 

_ 

Floor 

Glass and Door 

Infu/tbation 

Totals 

Bedroom A 

2670 

2370 


1440 

1010 

7,490 

Bedroom B 

1750 

1570 


1440 

1010 

5,770 

Bedroom C 

1280 

1170 


970 

500 

3.920 

Bedroom D 

1320 

1170 

690 

720 

500 

4,400 

Bathroom 1 

340 

540 


500 

500 

1,880 

Bathroom 2 

820 

340 

220 

320 

420' 

2,120 

Living Room 

3580 



1800 

1120 

6,400 

Dining Room 

1860 



3880 

870 

6,610 

Kitchen 

1400 



950 

760 

3,110 

Lavette 

1460 

I 



1100 

530 

3,090 

Entrance Hall 

440 

850 


640 

560 

2,490 

Garage 

-400* 


-2090t 

3410 

2700 

3,620 

Recreation 

1430 


1580 

720 

490 

4,220 

Totals 

17,950 

8,010 

400 

17,890 

10,970 

55,220 

Percentages 

32.5 

14.5 

0.7 

32.4 

19.9 

100.0 


♦Wall heat loss of 1050 Btu minus wall heat gains of 590, 320 and 540 Btu, 
tHeat gains; 690, 220 and 1180 Btu. 


138 









Chapter 7 


COOLING LOAD 


Design Outside Temperatures, Components of Heat Gain, 

Normal Heat Transmission, Solar Heat Transmission, Solar 
Radiation Through Glass, Heat Introduced by Outside Air, 

Heat Emission of Appliances 

L oad calculations for summer air conditioning are more complicated 
than heating load calculations because there are more factors to 
be considered. Due to the variable nature of some of the contributing 
load components and the fact that they do not necessarily impose their 
maximum effect simultaneously, considerable care must be used in 
determining their phase relationship so that equipment of proper capacity 
may be selected to maintain specified indoor conditions. 

The conditions to be maintained in an enclosure are variable and 
depend upon several factors, especially the outside design conditions, 
duration of occupancy and relationship between air motion, dry-bulb and 
wet-bulb temperatures. Information concerning the proper indoor 
effective temperature to be maintained is given in Chapter 2, for different 
geographical locations and for various age groups of individuals. 

Summer dry-bulb and wet-bulb temperatures of various cities are 
given in Table 1. The temperatures are not the maximums but the 
design temperatures which should be used in air conditioning calcu- 
lations. The maximum outside wet-bulb temperatures as given in 
Weather Bureau reports usually occur only from 1 to 4 per cent of the 
time, and they are therefore of such short duration that it is not practical 
to design a cooling system for them. The temperatures shown in Table 1 
are based on available design conditions known to be successfully applied. 

COMPONENTS OF HEAT GAIN 

A cooling load determination is composed of five components which 
are classified in the following manner: 

1. Normal heat transfer through windows, walls, partitions, doors, floors, ceilings, etc. 
2, Transfer of solar radiation through windows, walls, doors, skylights, or roof. 

3. Heat emission of occupants within enclosures. 

4. Heat introduced by infiltration of outside air or controlled ventilation. 

5. Heat emission of mechanical, chemical, gas, steam, hot water and electrical 
appliances located within enclosures. 
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Table 1. Design Dry- and Wet-Bulb Temperatures, Wind Velocities, and 
Wind Directions for June, July, August, and September 


Statu 

City 

Design 

Drt-Bulb 

Design 

Wet-Bulb 

Summer Wind 
Velocity 
MPH 

Prevailing 
Summer Wind 
Direction 

Alfl 

Rirmingham 

95 

78 

5.2 

s 


Mobilf^ . - — 

95 

80 

8.6 

sw 

AnV.., . 

Phoenix 

105 

76 

6.0 

w 

Art. 

T.ittie Por.k . 

95 

78 

7.0 

NE 

Calif 

Los Angeles 

90 

70 

6.0 

SW 


San Franrisno 

90 

65 

11.0 

sw 

Colo.— 

D^kfivpr 

95 

64 

6.8 

s 

Conn. 

Havf?n 

95 

75 

7.3 

s 

Del 

Wiitningf-on ... 

95 

78 

9.7 

sw 

n r 

Washington.,, 

95 

78 

6.2 

s 

Flfl 

Jacksonville 

95 

78 

8.7 

sw 


Tampi^ 

94 

79 

7.0 

E 


Atlanta. 

95 

76 

7.3 

NW 


Savannah _ 

95 

78 

7.8 

SW 

THflhn 

Rnis#^ ... 

95 

65 

5.8 

NW 

111 

China gO— 

95 

75 

10.2 

NE 


Peoria - 

95 

76 

8.2 

S 

TnrI 

Tnfji^inapolis .. 

95 

76 

9.0 

SW 

Iowa „ 

Des Moines . . 

95 

77 

6.6 

sw 

Kansas 

Wir.hita 

100 

75 

11.0 

s 

Ky 

T.onisville 

95 

76 

8.0 

sw 

La 

New Orleans.. 

95 

79 

7.0 

sw 


Shreveport 

100 

78 

6.2 

s 

Maine— 

Portland 

90 

73 

7.3 

s 

Md 

Baltimore 

95 

78 

6.9 

sw 

Mass.. 

Bo-ston 

92 

75 

9.2 

sw 

Mich 

Detroit 

95 

75 : 

10.3 

sw 

Minn 

Minneapolis 

95 

75 

8.4 

SE 

Miss. 

Vicksburg 

95 

78 

6.2 

sw 

Mo. . 

Kansas City .... 

100 

76 

9.5 

s 


St. Lonis . _ 

95 

78 

9.4 

sw 

Mont. 

Helena 

95 

67 

7.3 

sw 

Nf^hr... 

T.inr.oln 

95 

75 

9.3 

s 

Nev 

Beno 

95 

65 

7.4 

w 

N. H. 

Manchester . . . 

90 

73 

5.6 

10.0 

NW 

N. J 

Trenton 

95 

78 

sw 

N. V. 

Albany . 

92 

75 

7.1 

s 


Buffalo 

93 

75 

12.2 

sw 


New York 

95 

75 

12.9 

sw 

N. M 

Santa Fe . 

90 

65 

6.5 

SE 

N- C. 

Asheville... . 

90 

75 

5.6 

SE 


Wilmington . 

95 

79 

7.8 

SW 

N. Dak 

Bismarck . _ 

95 

73 

8.8 

NW 

Ohio . _ 

Cincinnati 

95 

78 

6.6 

SW 


Cleveland 

95 

75 

9.9 

s 

Okla 

Oklahoma City 

101 

76 

10.1 

6.6 

s 

Ore 

Portland 

90 

65 

NW 

Pa 

Philadelphia^ _ __ . 1 

95 

78 

9.7 

SW 


Pittsburgh 

95 

75 

9.0 

NW 

R T 

Providence 

93 

75 

10.0 

NW 

s. c 

Charleston 

95 

80 

9.9 

SW 


Greenville 

95 

76 

6.8 

NE 

S. Dak 

SioTiv Falls 

95 

75 

7.6 

s 

Tenn 

Chattanooga 

95 

77 

6.5 

7.5 

SW 

sw 


Memphis 

95 

78 
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Table 1. Design Dry- and Wet-Bulb Temperatures, Wind Velocities, and 
Wind Directions for June, July, August, and September (Concluded) 


State 

CiTT 

Design 

Drt-Bulb 

Design 

Wet-Bulb 

Summer Wind 
Velocett 
MPH 

Prevailing 
Summer Wind 
Direction 

Texas 

Dallas. 

100 

78 

* 9.4 

S 


El Paso..— 

100 

69 

6.9 

E 


Galveston 

95 

80 

9.7 

s 


Houston 

95 

78 

7.7 

S 


San Antonio 

100 

78 

7.4 

SE 

Utah 

Salt- Lakf*. Ciry 

92 

63 

! 8.2 

SE 

Vt . 

Riirlinp-fnn 

90 

73 

8.9 

S 

Va 

NorfnlV 

95 

78 

10.9 

s 


Richmond 

95 

78 

6.2 

SW 


_ 

85 

65 

7.9 

s 


Spokane 

90 

65 

6.5 

SW 

W. Va 

Parkf»rRhiirgr_._ 

95 

75 

5.3 

SE 

Wi.c;. 

Madisnn 

95 

75 

8.1 

SW 


Milwaukee 

95 

75 

10.4 

S 

Wyo.,_ 

Cheyenne. 

95 

65 

9.2 

S 


The components of heat gain, classified by source, are further classified 
as sensible and latent heat gain. 

The first two components fall into the classification of sensible heat 
gain, that is, they tend to raise the temperature of the air within the 
structure. The last three components not only produce sensible heat 
gain but they may also tend to increase the moisture content of the air 
within the structure. 

Normal Heat Transmission 

By normal heat transmission, as distinguished from solar heat trans- 
mission, is meant the transmission of heat through windows, walls, 
partitions, etc. from without to interior of enclosure by virtue of difference 
between outside and inside air temperatures. This load is calculated in a 
manner similar to that described in Chapter 6 (except that flow of heat 
is reversed) by means of the formula: 

Ht = AU{to-t) (1) 


where 

Ht ” heat transmitted through the material of wall, glass, floor, etc., Btu per hour. 
A = net inside area of wall, glass, floor, etc., square feet. 
t = inside temperature, degrees Fahrenheit. 
to = outside temperature, degrees Fahrenheit. 

U = coefficient of transmission of wall, glass, floor, etc., Btu per hour per square foot 
per degree Fahrenheit difference in temperature (Tables 3 to 13, Chapter 4). 

Solar Heat Transmission 

Calculations of the solar heat transmitted through walls and roofs 
are difficult to determine because of periodic character of heat flow and 
time lag due to heat capacity of canstruction. 
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Table 2. Solar Radiation (Direct plus Sky) Impinging Against Walls Having 
Several Orientations and a Horizontal Surface 

For SO Deg North Latitude on August 1 


Intensity op Solar Radiation, Btu per Sq Ft per Hour 


Sun 


Time 

Northeast 

East 

Southeast 

South 

Southwest 

West 

Northwest 

Horizontal 

Surface 

5:20 

0 

0 

0 

0 

0 

0 

0 

0 

6:00 

37 

47 

23 

4.5 

4.5 

4.5 

4.5 

11 

7:00 

119 

145 

91 

11 

11 

11 

11 

64 

8:00 

153 

207 

149 

17 

17 

17 

17 

147 

9:00 

130 

194 

158 

35 

21 

21 

21 

213 

10:00 

86 

152 

143 

63 

23.5 

23.5 

23.5 

262 

11:00 

35 

94 

85 

80 

25.5 

25.5 

25.5 

290 

12:00 

1 26 

26 

65 

85 

65 

26 

26 

300 

1:00 

25.5 

25.5 

25.5 

80 

85 

94 

35 

290 

2:00 

23.5 

23.5 

23.5 

63 

143 

152 

86 

262 

3:00 

21 

21 

21 

35 

158 

194 

130 

213 

4:00 

17 

17 

17 

17 

149 

207 

153 

147 

5:00 

11 

11 

11 

11 

91 

145 

119 

64 

6:00 

4.5 

4.5 

4.5 

4.5 

23 

47 

37 

11 

6:40 

0 

0 

0 

0 

0 

0 

0 

0 


Table 3. Solar Radiation (Direct plus Sky) Impinging Against Walls Having 
Several Orientations and a Horizontal Surface 

For 35 Deg North Latitude on August 1 


Intensity of Solar Radiation, Btu per Sq Ft per Hour 
Sun 


Time 

Northeast 

East 

Southeast 

South 

Southwest 

West 

Northwest 

Horizontal 

Surface 

5:07 

0 

0 

0 1 

0 

0 

0 

0 

0 

6:00 

43 

49 

27 

4.5 

4.5 

4.5 

4.5 

13 

7:00 

121 

151 

97 

11 

11 

11 

11 

72 

8:00 

147 

207 

155 

1 

25 1 

17 

17 

17 

151 

9:00 

120 

194 

169 

49 

21 

21 

21 

213 

10:00 

71 

152 

156 1 

83 

23.5 

23.5 

23.5 

245 

11:00 

28 

94 

129 

103 

25.5 

25.5 

25.5 

288 

12:00 

26 

26 

84 

109 

84 

26 

26 

298 

1:00 

25.5 

25.5 

25.5 

103 

129 

94 

28 

288 

2:00 

23.5 

23.5 

23.5 

83 

156 

152 

71 

245 

3:00 

21 

21 

21 

49 

169 

194 i 

120 

213 

4:00 

17 

17 

17 

25 

155 

207 

147 

151 

5:00 

11 

11 

11 

11 

97 

151 

121 

72 

6:00 

4.5 

4.5 

4.5 

4.5 

27 

49 

43 

13 

6:53 

0 

0 

0 

0 

0 

0 

0 

0 


142 




CHAPTER 7. COOLING LOAD 


Table 4. Solar Radiation (Direct plus Sky) Impinging Against Walls Having 
Several Orientations and a Horizontal Surface 
For 40 Deg North Latitude on August 1 


Intensity of Solar Radiation, Btu per So Ft per Hour 
Sun 


Time 

Northeast 

East 

Southeast 

South 

Southwest 

West 

Northwest 

Horizontal 

Surface 

4:50 

0 

0 

0 

0 

0 

0 

1 1 

0 

0 

5:00 

5 

6 

4 

2.5 

2.5 

2.5 

1 2.5 

5 

6:00 

49 

56 

32 

4.5 

4.5 

4.5 

4.5 

20 

7:00 

123 

162 

109 

11 

11 

11 

11 

85 

8:00 

137 

211 

166 

29 

17 

17 

17 

160 

9:00 

102 

195 

181 

74 

21 

21 

21 

212 

10:00 

54 

152 

171 

103 

23.5 

23.5 

23.5 

244 

11:00 

28 

94 

144 

124 

41 

25.5 

25.5 

281 

12:00 

26 

26 

98 

128 

98 

26 

26 

290 

1:00 

25,5 

25.5 

41 

124 

144 

94 

28 

281 

2:00 

23.5 

23.5 

23.5 

103 

171 

152 

54 

244 

3:00 

21 

21 

21 

74 

181 

195 

102 

212 

4:00 

17 

17 

17 

29 

166 

211 

137 

160 

5:00 

11 

11 

11 

11 

109 

162 

123 

85 

6:00 

4.5 

4.5 

4.5 

4.5 

32 

56 

49 

20 

7:00 

2.5 

2.5 

2.5 

2.5 

4 

6 

5 

5 

7:10 

0 

0 

0 

0 

0 

0 

0 

0 


Table 5. Solar Radiation (Direct plus Sky) Impinging Against Walls Having 
Several Orientations and a Horizontal Surface 
For 45 Deg North Latitude on August 1 


Intensity of Solar Radiation, Btu per Sq Ft per Hour 


Sun 


Time 

Northeast 

East 

Southeast 

South 

Southwest 

West 

Northwest 

Horizontal 

Surface 

4:25 

0 

0 

0 

0 

0 

0 

0 

0 

5:00 

22 

20 

17 

3.5 

3.5 

3.5 

3.5 

9 

6:00 

87 

99 

56 

5.5 

5.5 

5.5 

5.5 

27 

7:00 

151 

192 

134 

12 

12 

12 

12 

89 

8:00 

144 

237 

188 

48 

17 

17 

17 

156 

9:00 

100 

199 

197 

93 

21 

21 

21 

205 

10:00 

46 

153 

184 

121 

23.5 

23.5 

23.5 

243 

11:00 

28 

94 

158 

146 

63 

25.5 

25.5 

259 

12:00 

26 

26 

116 

156 

116 

26 

26 

281 

1:00 

25.5 

25.5 

63 

146 

158 

94 

28 

259 

2:00 

23.5 

23.5 

23,5 

121 

184 

153 

46 

243 

3:00 

21 

21 

21 

93 

197 

199 

100 

205 

4:00 

17 

17 

17 

48 

188 

237 

144 

156 

5:00 

12 

12 

12 

12 

134 

192 

151 

89 

6:00 

5.5 

5.5 

5.5 

5.5 

56 

99 

87 

27 

7:00 

3.5 

3.5 

3.5 

3.5 

17 

20 

22 

9 

7:35 

0 

0 

0 

0 

0 

0 

0 

0 
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The variation in radiation intensity on differently oriented surfaces is 
given in Fig. 1, and in Tables 2, 3, 4 and 5. The greater part of the radi- 
ation intensity is always direct radiation from the sun. However, during 
the time when the sun is shining, any surface receives radiation of a 
lower intensity coming from all parts of the sky due to reflection and 
refraction. This scattered radiation intensity was found to vary from a 
very low value to values as high as 20 per cent of the total radiation 
observed on certain days in Pittsburgh. The curves and tables are for 
combined direct solar and scattered sky radiation, and are given to 
represent expected design radiation intensity for August 1. They were 
prepared by the A.S.H.V.E. Laboratory from data^ obtained by pyrhelio- 
meter observations. 

A study of these curves discloses the periodic relationship and wide 
variation in solar intensity on various surfaces. It will be observed that 



Fig. 1. Solar Intensity Normal to Sun on Horizontal Surface and on Walls 
FOR August 1 at 40 Deg North Latitude 

both the roof (horizontal surface) and south wall radiation curves are in 
exact phase relationship with each other, while those for the east and 
west walls overlap each other due to scattered sky radiation on the west 
wall during the forenoon and on the east wall during the afternoon. 
This phase relationship has an important bearing on Qie cooling load. 
Failure to consider the periodic character of heat flow resulting from 
diurnal movement of the sun and the lag due to heat capacity of the 
structure, which determine the timing and magnitude of the heat wave 
flowing through the wall, may result in a large error in load calculations. 

The values of solar intensity appearing in Fig. 1 must not be confused 
with the actual heat transmission through the wall for much of the solar 
radiation impinging against the outer surface fails to pass through the 
wall. Instead it is delivered to the outside air by reflection, radiation, 


^A.S.H.V.E. Rjesearch Report No. 1147 — Heat Gain Through Glass Blocks by Solar Radiation and 
Transmittance, by F. C. Houghten, David Shore, H. T. Olson and Burt Gunst (A.S.H.V.E. Transactions, 
Vol. 46. 1940). 
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convection and conduction. A mathematical solution for the determina- 
tion of solar heat transmission has been developed but the equations 
involved are too complex for practical application^. 

The heat flow in summer through various types of roofs and walls has 
been measured by the A.S.H.V.E. Laboratory. The curves in Fig. 2, 
give the heat flow through the inside surface of roofs® with details of 
the construction of the roofs tested. The condition for which these 
results are given are : solar radiation for 40 deg north latitude on August 1 
as given in Fig. 1 and Table 4; outdoor design temperature reaching a 
maximum of 95 F as shown by the temperature curve in Fig. 2 and an 
indoor temperature of 75 F. 



Fig. 2. Relation Between Time and Heat Flow Through Inside Surface of 
Horizontal Roofs Corrected to Design Day of August 1 


Curves in Fig. 3 were prepared by the A.S.H.V.E. Laboratory from 
recent tests made there and show the heat flow through the inside surface 
of three types of walls for various orientations. The results are given for 
the following conditions : 90 per cent of the solar radiation given in Fig. 1 
and Table 4 for 40 deg north latitude on August 1 ; outdoor design tem- 
perature reaching a maximum of 93 F as shown by the temperature 
curve in Fig. 3 and an indoor temperature of 78 F and 50 per cent relative 
humidity. 

The heat flow shown in Figs. 2 and 3 is a combination of normal trans- 
mission and solar radiation transmission and is the total heat flow through 
the wall or roof. Due to the heat capacity of walls and roofs there is a 


2A.S.H.V.E. Research Report No. 923— Heat Transmission as Muenced by Heat Capcity a^ 
Solar Radiation, by F. C. Houghten, J. L. Blackshaw, E. W. Pugh and Paul McDermott (A.S.H V.E. 
Transactions, Vol. 38, 1932, p. 231). 

•A.S.H.V.E. Research Report No. 1168— Summer Cooling I^ad as Affected by Heat Gmn T^ou^ 
Dry, Sprinkled and Water Covered Roofs, by F. C. Houghten. H. T. Olson and Carl Gutberlet (A.S.H.V.E. 
Transactions, Vol. 46, 1940). 
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ne lag^ in the transmission of heat through them as shown by the curves, 
ir the types of construction covered in Figs. 2 and 3 and for the con- 
ions indicated, the heat flow through the inside surface at any given 
tie can be read directly. For other types of construction, the curves 
ly be used as a guide in estimating the heat flow. The time lag for 
ler types of construction is included in Table 6 which was prepared by 
5 A.S.H.V.E. Laboratory from data collected by it and by other 
thorities. 

ar Radiation Transmitted Through Glass 

Windows present a problem somewhat different from that of opaque 
11s, because they permit a large percentage of the solar energy to pass 



6AM 8 10 12 2P M 4 6 8 10 12 2A M 4 6 

SUN TIME 


. 3. Relation Between Time and Heat Flow Through the Inside Surface of 
Walls of Different Construction and Orientation on a 93 F Design 
Day with 90 per cent of Design Solar Radiation 

Vails BE, BS, BW and BN" — 12 in. solid brick and plaster facing east, south, west and north respectively. 
Vails TE, TS, TW and TN — 4 in. brick veneer, 8 in. tile and plaster facing east, south, west and north 
•ctively. 

Vails FE, FS and FW — 4 in. brick veneer, building paper, % in., matched sheathing, 2 x 4 in. studs. 
1 lath and plaster facing east, south and west respectively 

Dugh. A small amount is reflected^ and the balance is absorbed by the 
5S. The amount absorbed depends upon the character and thickness 
he gla^s and the angle between it and the sun's rays. The temperature 
he glass is raised by the absorbed heat and this heat is then delivered 
:he air on each side in proportion to the difference between the glass 
air temperatures®, 

^he A.S.H.V.E. tests® indicate that a single pane of double strength 
IS 0.127 in. thick absorbs approximately 11 per cent of the solar 

oc. Cit. Note 2. 

leat Absorbing Glass Windows, by W. W. Shaver (A.S.H.V.E. Transactions, Vol. 41. 1935, p. 287). 
.S.H.V.E. Research Report No. 974 — Radiation of Energy Through Glass, by J. L. Blackshaw and 
Houghten (A.S.H.V.E. Transactions, Vol. 40, 1934, p 93). A.S.H.V.E Research Report No. 975 
dies of Solar Radiation Through Bare and Shaded Windows by F. C. Houghten, Carl Gutberlet. 
, L. Blackshaw (A.S.H V E Transactions, Vol. 40, 1934, p. 101). 
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Table 6. Time Lag in Transmission of Solar Radiation 

Through Walls and Roofs 

Type and Thickness of Wall or Roof 

Time L.\g. 
Hours 

1- in. yellow pine horizontal roof, water proofing, smooth black finish 

2- in. yellow pine horizontal roof, water proofing, smooth black finish 

4-in. reinforced clav tile horizontal roof, water proofing, slai? finish 

2-in. gypsum horizontal roof, water proofing, slag finish 

Slate and slaters felt on 2J4 in. tongue and grooved yellow pine, sloped roof 
4-in. gypsum horizontal roof, water proofing, slag finish 

1 

m 

2k' 

2k 

4h. 

5 

6-in. concrete horizontal roof, water proofing, slag finish 

1-in. concrete, 4-in. cinders, i}^-in. concrete, water proofing, smooth black 
finish 

8 

Wood siding, 1-in. sheathing, 2x4 studs, lath and plaster ___ __ . . 

Wood siding, 1-in. sheathing, 2x4 studs (studding space filled with insula- 
tion) lath and plaster 

2 

5 

4-in. brick, 1-in. sheathing, 2x4 studs, lath and plaster...^ 

7 

4-in. brick, 8-in. tile and plaster __ . 

13-in. brick, plastered 

10} o 

12 

9-in. brick, 3%-in. tile, 5}^-in. air space, 3J^-in. tile and IJ^-in. plaster.... 

16 


radiation passing through it when the impingement is normal. For smaller 
angles of impingement, the glass retards percentages of the total radiant 
energy approximately in proportion to the sine of the angle. 

The amount of solar radiation delivered to an unshaded glass surface 
may be obtained from Tables 2, 3, 4 or 5. These values must be used only 
for the net glass area on which the sun shines and not the entire glass 
area. Tests at the A.S.H.V.E. Research Laboratory^ have determined 
the percentage of heat from solar radiation actually delivered to a room 
with various types of outdoor and indoor shading. The data in .Table 7 
are taken from these tests. 

The percentage values in this table were obtained by dividing the total 
amount of heat actually entering through the shaded window by the 
total amount of heat calculated to enter through a bare window (solar 
radiation plus glass transmission, based on observed outside glass tem- 
perature). For bare windows on which the sun shines, the transmission 
of heat from outside air to glass may be small or negative as the glass 
temperature is raised by the solar radiation absorbed. 

In calculating the total heat gain through windows on the sunny side 
of buildings, it is sufficiently accurate to proceed as outlined herewith : 


Table 7. Solar Radiation Transmitted Through Shaded Windows 


Ttpb of Appurtenanob 

Finish 

Pacing 

Sun 

Per Cent 
Delivered 

TO Room 


Plain 

28 

Jtwnino' - 

Aluminum 

22 

Tncirip Qhflde fiillv drawn - 

Aluminum 

45 

CihflHp onf^-half drawn - 

Buflf 

68 

Venptinn blind fullv covering window. sl^*tR 45 deg 

Aluminum 

58 

Outside Venetian blind, fully covering window, slats at 45 deg..,. 

Aluminum 

22 


'Loc. Cit. Note 6. 

147 



HEATING VENTILATING AIR CONDITIONING GUIDE 1942 


Consider the total heat gain as that resulting from solar radiation and 
neglect the heat transmission through the glass caused by the difference 
between the temperatures of the inside and outside air. This method 
should be used except at times when the calculated heat gain per square 
foot due to normal transmission exceeds the solar intensity. At such 
times, solar radiation may be neglected and the total heat gain considered 
as resulting from normal transmission. 

The solar heat transmission through windows or skylights may be 
expressed by the formula: 

Hg = AgJI (2) 

where 

Hg = solar radiation transmitted through a window, Btu per hour. 

Ag — net area of glass exposed to sun’s rays, square feet. 
f — percentage of solar radiation (expressed as a decimal) transmitted to the 
inside (Table 7). For bare windows, / = 1. 

I — intensity of solar radiation striking surface, Btu per hour per square foot 
(Tables 2, 3, 4 and 6). 

In Equation 2, / = 1 for bare windows because the tests from which 
Table 7 was obtained showed that approximately all of the solar radiation 
impinging on a bare window became a part of the heat load in the room. 
This was because almost all of the heat absorbed by the glass flowed into 
the room by conduction. Other tests^ have indicated that in the case of 
a building having floors of high heat capacity such as concrete floors on 
which the solar radiation falls, approximately one-half of the heat entering 
a bare window is absorbed by the floor and does not immediately become 
a part of the cooling load, but is delivered back to the air in the building 
at a slow rate over a period of 24 hours or longer. 

The majdmum solar intensity on any surface is of limited duration as 
shown in Fig. 1. In the case of windows the total energy impinging on the 
glass before and after the time of maximum intensity is further reduced 
by increased shading of the glass from the frame, or wall. The cooling 
load due to solar rafiation therefore does not have to be calculated as a 
steady load. Another point which should be noted is that the maximum 
solar radiation load on the east wall occurs early in the morning when the 
outside temperature is low. 

Tests have been made which indicated that solair radiation through 
window glass is the most important factor to contend with in the cooling 
of an office building. At times it was shown to account for as much as 
75 per cent of the total cooling necessaIy^ Because of the importance of 
the sun load, cooling systems should be zoned so that the side of the 
building on which the sun is shining can be controlled separately from the 
other sides of the building.^ If buildings are provided with awnings so 
that the window glass is shielded from sunshine, the amount of cooling 
required will be reduced and there will also be less difference in the cooling 
requirenients of different sides of the building. The total cooling load 
for a building exposed to the sun on more than one side is of course less 
than the sum of the maximum cooling loads in the individual rooms since 
the maximum solar radiation load on the different sides occurs at different 


„ Research Report No. 1002 — Cooling Requirements of Single Rooms in a Modem OflSce 

Biulding, by F. C. Houghten, Carl Gutberlet, and Albert J. Wahl (A.S.H.V.E. Transactions, Vol. 41, 
1935, p. 53). 
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times. In determining the total cooling load for a building if the time 
when the maximum load occurs is not obvious, the load should be calcu- 
lated for various times of day to determine the times at which the sum 
of the loads on the different sides of the building is a maximum. 

The direct solar and scattered sky radiation penetration through glass 
block panels is given in Table 8 for various times of the day for south, 
east and west exposures for different latitudes on August 1. This table 
also gives the total heat gain into an air conditioned space when 78 F is 
maintained indoors, resulting from the effect of both radiation and air to 
air transmission. These values result from A.S.H.V.E. Laboratory data^ 
and apply for expected design radiation intensity, and for a design day 


Table 8. Heat Gain Through Glass Blocks^ 


Solar Radiation Heat Gain 
(Direct plus Sky) 

Btu per Sq Ft per Hour 


Total Heat GainI> (Solar Radiation 
PLUS Normal Transmission) 

Btu per Sq Ft per Hour 


Side 

Eastc 

Westc 

South 

Eastc 

0 

1 
& 

South 

N. Latitude 
Degrees 

40 

40 

30 

35 

40 

45 

40 

40 

30 

35 

40 

45 

Sun 

Outside 













Time 

TempF 













7:00 

74 

65.0 


1,0 

2.8 

3.0 

5.0 

61.0 


-4.5 

-2.0 

-0.6 

1.0 

8:00 

76 

63.0 

0.0 

3.0 

4.4 

6.5 

11.0 

77.5 


0.0 

2.0 

4.0 

6.0 

9:00 

79 

40.0 

5.0 

5.5 

7.1 

10.2 

13.4 

73.5 

5.0 

5.0 

7.0 

10.0 

12.0 

10:00 

83 

24.0 

6.0 

8.5 

11.3 

14.7 

17.1 

57.5 

6.5 

11.0 

15.0 

18.0 

20.8 

11:00 

87 

15.5 

7.0 

12.0 

15.2 

18.7 

21.8 

45.0 

7.5 

16.5 

22.0 

25.5 

32.0 

12:00 

90 

10.0 

10.0 

14.0 

17.4 

21.0 

24.8 

36.5 

10.5 

21.6 

28.0 

33.8 

40.8 

1:00 

93 

7.0 

15.5 

12,0 

15.2 

18.7 

21.8 

30.0 

22.0 

25.0 

31.8 

38.5 

46.0 

2:00 

94 

6,0 

24.0 

8,5 

11.3 

14.7 

17.1 

24.0 

35.0 

26.0 

32.0 

39.0 

47.0 

3:00 

95 

5.0 

40.0 

5.5 

7.1 

10.2 

13.4 

19.5 

65.0 

24.0 

29.8 

36.6 

45.0 

4:00 

95 

4.5 

65.0 

3.0 

4.4 

6.5 

11.0 

15.5 

77.0 

20.0 

25.5 

31.5 

40.5 

5:00 

93 

4,0 

63,0 

1.0 

2,8 

3.0 

5.0 

12.5 

85.5 

15.0 

20.0 

26.2 

33.5 

6:00 

91 

2.5 

23.5 

0.0 

0.7 

0.7 

3.0 

10.5 

55.0 

9.6 

13.6 

18.0 

25.5 

7:00 

89 

1.5 

0.0 



0.0 

0.7 

8.0 

18.5 

3.5 

7.0 

11.0 

18.0 


aFor August 1. 
blnaide temperature, 78 F. 

cFor east and west walls these values can be applied to all latitudes between 30 and 45 deg N without 
excessive errors. 


having a maximum temperature of 95 F. The resulting heat gains are 
averages for four typical glass block designs, two having smooth exterior 
faces, and the other two having exterior ribbed faces, as made by two 
different manufacturers. 


Heat Emission of Occupants 

The heat and moisture given off by human beings under diflferent states 
of activity are shown in various tables and figures of Chapter 2 which 
covers the physical and physiological principles of air conditioning. It 
will be observed from these data that the rate of sensible and latent 
heat emission by human beings vanes greatly depending upon state of 
activity. In many applications this component becomes a large per- 


»Loc. Cit. Note 1. 
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centage of total load. Metabolic rates are markedly variable for some 
extreme environmental conditions and this is another important factor 
which must be considered in cooling load computations. 

Heat Introduced by Outside Air 

An allowance must be made for the heat and moisture in the outside 
air introduced for ventilation purposes or entering the building through 
cracks, doors, and other places where infiltration might occur. 

The volume of air entering due to infiltration may be estimated from 
data given in Chapter 5. Information on the amount of outside air 
required for ventilation will be found in Chapter 2. 

In the event the volume of air entering an enclosure due to infiltration 
exceeds that required for ventilation, the former should be used as a basis 
for determining the portion of the load contributed by outside air. Where 
volume of air required for ventilation exceeds that due to infiltration it is 
assumed that a slight positive pressure will exist within the enclosure with 
a resulting exfiltration instead of infiltration. In this case the air required 
for ventilation is used in determining outside air load. 

The heat gain resulting from outside air introduced may be determined 
by the following formula; 

H = (ho- hi) (3) 

where 

H = heat to be removed from outside air entering the building, Btu per hour. 

Q “ volume of outside air entering building, cubic feet per hour. 

V = cubic feet of outside air per pound of dry air. 
ho = enthalpy of outside air, Btu per pound of dry air. 
hi — enthalpy of inside air, Btu per pound of dry air. 

The latent heat gain resulting from outside air introduced may be 
determined by the following formula: 

-Hi = -^ fefg (Wo - Wi) (4) 

where 

H\ — latent heat to be removed, Btu per hour. 

hig — latent heat of evaporation at temperature at which water is condensed, Btu 
per pound. 

Wo — humidity ratio of outside air, pounds water per pound dry air. 

Wi = humidity ratio of inside air, pounds water per pound dry air. 

Heat Emission of Appliances 

Heat generating appliances which give off either sensible heat or both 
sensible and latent heat in an air conditioned enclosure may be divided 
into three general classes of equipment or devices: 

1. Electrical appliances. 

2. Gas appliances. 

3. Steam heating appliances. 
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In the first group may be found such devices as lights, motors, toasters, 
waffle irons, etc. The capacities of most electrical devices may be 
determined from the watt capacity indicated on their name plates. 
The Btu equivalent of heat generated per hour is determined by multi- 
plying the watt capacity by 3.4 (one watthour is equivalent to 3.413 Btu). 

The capacities of electric motors are usually expressed in terms of 
horsepower instead of watts. If the motor efficiency is known, the watts 
input may be calculated from the formula: 

( 5 ) 

n ^ ' 

where 

P = motor input, watts. 
hp = motor load, horsepower. 
n = motor efficiency (expressed as a decimal). 

When the motor efficiency is not known the heat equivalent of electrical 
input can be approximately determined by applying data given in Table 9. 


Table 9. Heat Generated by Motors 


Nameplate Rating Horsepower 

Heat Gain in Btu per Hour per Horsepower 

Connected Load in Same Room 

Connected Load Outside of Room 

Vi to ^ 

4250 

1700 

Hto3 

3700 

1160 

3 to 20 

2950 

400 


In the second group belong such appliances as coffee urns, gas ranges, 
steam tables, broilers, hot plates, etc. For heat generating capacities 
of such appliances refer to Table 10. 

Considerable judgment must be exercised in the use of data given in 
Table 10. Consideration must be given to time of day when appliances 
are used and the heat they contribute at time of peak load. Only those 
appliances in use at the time of the peak load need be considered. Con- 
sideration must also be given to the way appliances are installed, whether 
products of combustion are vented to a flue, whether they escape into the 
space to be conditioned, or whether appliances are hooded allowing part 
of the heat to escape through a stack. There are no generally accepted 
data available on the effects of venting and shielding heating appliances 
but it is believed that, when they are properly hooded with a positive 
fan exhaust system through the hood, 50 per cent of the heat will be 
carried away and 50 per cent dissipated in the space to be conditioned. 
Where latent as well as sensible heat is given off, it is usually safe to 
assume that all latent heat will be removed by a properly designed and 
operated vent or hood. 

ILLUSTRATION 

From the foregoing discussion it is obvious that the determination of 
the maximum cooling load is rather complicated by reason of the variable 
nature of contributing load components. 
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Table 10. Heat Gain from Various Sources 

Source 

Btu Per Hour 

Sensible 

Latent 

Total 

Electric Heating Equipment 



liil 

0% 

20% 




50% 

50% 


3.4 

0 


3413 

0 

3413 


1025 

1025 

2050 




2050 

Rnrn<»r (fiO% nf comier.twi load) 


* 

4505 


Kililil 


Wilililil 

STpgm Tqble— Pei* SqiiJ^rp Foot of Top Surface (•^•‘5% of connected load) 

105 


405 

Plate Warmer — Per Cuhic Foot Tnside Volume (.50^ of connected load) 

615 

0 

615 

PaVeqa Dven — Per Ollbic Foot. Tfipide Volume (fi0% of connected load) . 

■liliTil 



Frying Griddles — Per Square Foot of Top Surface (60% of connected load) 

■Rot Plates — Per Square* Foot of Top Sniface (fi0% of connected load) 

2160 

* 

240 

* 


Waffle Baker — Per Section (40% of connected load) 

* 

♦ 

1365 

Toaster — Per Slice (50% of connected load) 

945 

105 

1050 

Glass Coffee Maker — Per Section 

* 

* 

1365 

Sandwich Gnll#* — Per Square Foot of Area (fiO% of connected load) 

* 

* 

2750 

Fry PTettlq—Per Pound Fat C?»p<»c{ty (^0% of connected load), 

* 

* 


Hair Dryer in Beauty Parlor — 600 w.- „ 

2050 

0 

2050 

Permanent Wave Machine in Beauty Parlor — 24-25 w Units 

2050 

0 

2050 


Gas Burning Equipment 


Gas Equipment — Dry Heat — No Water Evaporated 

90% 10% 100% 

Gas H^ted Oven — Baking. 

67% 33% 100% 

Oqfl Equipment — Renting Water — Stewing, Boiling, etc 

50% 50% 100% 
9000 1000 10000 
12000 6000 18000 

Stove, Domestic Type — No Water Evaporated — Per Medium Size Burner 

Gas Heated Oven — Domestic Type 

Stove, Domestic Type — Heating Water — Per Medium Size Burner 

5000 5000 10000 

Pe.<sidence Gas Range — Giant Biimer (About 5^^ in. Diameter) ... 

♦ * 12000 

* . * 9000 

* * 18000 

* * 250 

* * 100000 

* ♦ 100 

♦ * 250 

* * 1800 

5000 5000 10000 

3000 3000 6000 

500 500 1000 

Re$idence G^S Range — Medium Burner (About 4 in. Diameter) 

Residence Gas Range — Double Oven (Total Size 18 in. x 18 in.'x 22 in. High)... 
Residence Gss Range — Pilot.....,, - - 

Restaurant Range— ^ Burners and Oven 

Cast-Iron Bum^ — Low Flame — Per Hole- 

Cast-Iron Burner — High Flame — Per Hole. ...... 

Simmering Burner. . 

Coffee Tim — ^lArge, 18 in. Diameter — Single Drum 

Coffee Urn — Small, 12 in. Diameter — Single Drum 

Coffee Um — Per Gallon of Rated Capacity 

Egg Boiler — Per Egg Compartment, __ _ . __ 

2500 2500 5000 

400 900 1300 

540 60 600 

2250 250 2500 

2250 250 2500 

* ♦ 6000 

Steam Table or Serving Table — Per Square Foot of Top Surface 

Dish Warmer — Per Square Foot of Shelf 

Cigar Lighter — Continuous Flame Type 

Curling Iron Heater 

Bunsen Type Burner — Large — Natu^ Gas 

Bunsen Type Burner — Large — Artificial Gas .. _ 

* * 3000 

* * 3000 

* * 1800 

* * 3000 

* * 1800 

Bunsen Type Blimer — Small — Natural Oas 

Bunsen Tsrpe Burner — Small — ^/^tificial Gas 

Welshach Burner — Natural Gas, . . . 

Welsbach Burner — ^Artificial Gas 

Fish-tail Burner — Natural Gas.. 

* * 6000 

* ♦ 3000 

I 4500 500 5000 

2250 250 2500 

900 100 1000 

600 50 550 

135 15 150 

Fish-tail Burner — ^Artificial (Jaa 

Lighting Fixture Outlet — T^rge, 3 Mantle 480 O.P. _ 

Lighting Fixture Outlet — Small, 1 Mantle 160 C.P 

One Cubic Foot of Natural Oas Oeneratea,, . 

One Cubic Foot of Artificial Gas G^^ne.ratea . _ 

One Cubic Foot of Producer Gas Generates 


Steam Heated Equipment 


Steam Heated Surface Not Polished — Per Square Foot of Surface 

330 

0 

330 

1.80 

Steam Heated Surface Polished — Per Square" Foot of Surface, _ 

130 

0 

Insulated Surface, Per Square Foot " 

80 

0 


Bare Pipes, Not Polished" Per Square Foot of Surface. - - , 


0 

Bare Pipes. Polished Per Square’ Foot of Surface,^ , _ . . 

220 

0 

Insulate Pipes. Per Square Foot... .... 

110 

0 


Coffee Um — Large. 18 in. Diameter — Single Drum. , .. 



Coffee Um — Small. 12 in. Diameter — Single Drum 

mill 


Ege Boiler — Per Eee Compartment _. .. 

Steam Table — Per Square Foot of Top Surface 





Miscellaneous 


Heat Liberated By Food per person, as in a Restaurant ... 

30 1 

30 

60 

Heat Liberated from Hot Water used direct and on towels per hour — Barber Shops 

100 1 

200 

300 


♦Per cent sensible and latent heat depends uiwn use of equipment; dry heat, baking or boiling. 
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Application of the foregoing data in determining cooling load require- 
ments is illustrated in Example 1. 

^ Escample 1 . Determine cooling load requirements for a clothing store illustrated in 
Fig. 4 and located in Pittsburgh, Pa., Latitude 40 deg. This is a one~story building 
located on a corner and it faces south and west. Assume building on east and north 
sides conditioned. 

Wall construction, 8 in. hollow tile, 4 in. brick veneer, plaster on walls, U = 0.33 

(Table 4, Chapter 4, No. 38 B). 

Roof construction, 2 in. concrete, 3^ in. rigid insulation, metal lath and plaster 

ceiling, U = 0.26 (Table 11, Chapter 4, No. 2 J). 

Floor, maple flooring on yellow pine, no ceiling below, U = 0.34 (Table 8, Chapter 4, 

No, 1 D). 

Partition, wood lath and plaster on both sides of studding, U = 0.34 (Table 6, 

Chapter 4, No. 77 B). 

Show windows, provided with awnings and thin panel partition at rear. 

Front doors, 2 ft 6 in. x 7 ft (glass paneled). 

Side door, 3 ft x 7 ft (glass paneled), U = 1.13 (Table 13 A, Chapter 4). 

Occupancy, 10 clerks, 40 patrons. 

Lights, 4200 w. 

Outside design conditions, dry-bulb 95 F ; wet-bulb 75 F. 

Inside design conditions, dry-bulb 80 F ; wet-bulb 67 F. 

Basement temperature, 85 F. 

Store room temperature, 88 F. 

Solution, It is obvious from the shape and exposure of this store and the large glass 
area on the west side that the maximum cooling load will occur during the afternoon 
when the sun is shining on the west wall. From Fig. 1, the peak load may be expected 
at 4:00 p.m. 

The combined normal transmission and solar radiation transmission through the roof 
at 4:00 p. m. is obtained from Fig, 2. While none of the roofs in Fig. 2 is exactly like 
this one, roof C is similar. A heat flow of 11 Btu per square foot per hour was assumed, 
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slightly less than for roof C. The combined normal transmission and solar radiation 
transmission through the south and west walls at 4:00 p.m. is obtained from curves TS 
and TW in Fig. 3. 

The normal heat transmission through the south glass, floor and partition is deter- 
mined by application of Formula 1. Solar radiation transmission through the south 
glass can be neglected. The solar intensity I for the south side at 4:00 p.m. is 29. Apply- 
ing a shade factor of 0.28, the calculated solar radiation transmission is 29 X 0.28 = 8 
Btu per square foot per hour which is less than the normal transmission, therefore the 
total heat gain can be taken as that due to normal transmission. 

Solar radiation intensity on the west glass at 4:00 p.m. from Table 4 is 211 Btu per 
square foot per hour. As explained in the text, normal transmission can be neglected 
because it is small in comparison with solar radiation transmission. 

To determine the heat gain from the outside air it is necessary first to determine the 
volume of the outside air to be introduced. Since the show windows are sealed so as not 
to permit infiltration and since there are only three doors in this store through which 
infiltration can take place, it is obvious that infiltration of air will be a negligible quan- 
tity. The volume of the store is 21,600 cu ft. Good practice indicates that in a store 
of this character there should be a minimum of from 1 to 1 outside air changes per hour. 
On a basis of 1 air changes the volume of outside air to be introduced would be 32,400 
cfh. The minimum ventilation requirements as given in the Code of Minimum Require- 
ments FOR Comfort Air Conditioning^o are 10 cfm per person. On this basis the 
ventilation requirements would be 30,000 cfh. Since this will produce approximately 
1 outside air changes per hour, 30,000 cfh will be considered in this application. 

To determine load imposed by occupants it will be found from Table 3, Chapter 2 
that the average person standing at rest will dissipate 431 Btu per hour and that the 
moisture dissipated is 0.198 lb per hour. 

To determine the latent heat load, the sum of the moisture evaporated from occupants 
and that to be removed from outside air is multiplied by the latent heat of evaporation 
at the temperature at which the moisture is condensed in the conditioner. Since outside 
air is positively introduced, a mixture of outside and recirculated air passes through the 
conditioner. To remove the moisture, the air must be cooled to a temperature below the 
dew-point of the mixture. To obtain an approximate value of the latent heat of evapora- 
tion, assume that the air is cooled to 55 F. At this temperature, hfg = 1062.7 Btu 
per hour (steam table). 


Combined Normal and Solar Radiation Transmission: 


Surface 

Dimensions 

Area 

Sq Ft 

Btu per Hour 
PER Sq Ft 

Btu PER 

Hour 

S Wall 

(30 ft X 12 ft) - 155 

205 

1 ^ i 

615 

W Wall 

(60 ft X 12 ft) - 321 

399 1 

2.5 

998 

Roof 

60 ft X 30 ft 

1800 

11 

19,800 

Total 




1 21,413 


Normal Transmission: 


Surface 

Dimensions 

Area ' 
Sq Ft , 


Temp. Diff. 
Deg F 

Btu per 
Hour 

S Glass 

2 (2ft6in. x7ft) + 

2 (10 ft X 6 ft) 

1 

155 ' 

1.13 

15 

2,627 

Floor 

26 ft X 54 ft 

1404 1 

0.34 1 

i 5 

2,387 

N Partition 

30 ft X 12 ft 

360 ' 

0.34 ‘ 

' 8 

979 

Total 





5,993 


’"Code of Minimum Requirements for Comfort Air Conditioning (A.S H.V.E. Transactions, Vol. 44, 
1038 p. 27) Reprints of this code are available at $.10 a copy 
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Solar Radiation Through Glass: 

WGlass. = 3 (14ft X 6ft) + (8ft X 6ft) + (3 ft X 7 ft) = 321 sq ft 
Hq = 321 X 0.28 X 211 = 18,965 Btu per hour (Equation 2). 


Outside Air: 

H = (^0 ~ hi) (Equation 3). 

t; = t/a + iJLWaa (Equation 17, Chapter 1). 

Va. = specific volume of dr^' air at 95 F = 13.97 cu ft per pound (Table 6, Chapter 1). 

Vaa = difference between volume of saturated mixture and specific volume of dry air 
at 95 F = 0.82 cu ft per pound (Table 6, Chapter 1). 

It = per cent saturation at 95 F dry-bulb and 75 F wet-bulb = 38.4 per cent (by 
calculation, Chapter 1). 

V = 13.97 -f- (0.384 X 0.82) = 14.28 cu ft per pound dry air. 

ho = ha + yitas (Equation 19, Chapter 1). 

ha = specific enthalpy of dry air at 95 F = 22.80 Btu per pound (Table 6, Chapter 1). 

has = difference between enthalpy of saturated mixture and specific enthalpy of 
dry air at 95 F == 40.25 Btu per pound (Table 6, Chapter 1). 

ho = 22.80 + (0.384 X 40.25) = 38.26 Btu per pound dry air. 

IJL at 80 F dry-bulb and 67 F wet-bulb = 50.2 per cent (by calculation, Chapter 1), 

hi = ha pAas = 19.19 -f (0.502 X 24.32) = 31.40 Btu per pound dry air (Table 6, 
Chapter 1). 

H = (38.26 - 31.40) = 14,410 Btu per hour. 

Wq « humidity ratio of outside air at 95 F and 75 F = 0.384 X 0.03652 = 0.01402 lb 
water per pound dry air. (Equation 14, Chapter 1). 

Wi = humidity ratio of inside air at 80 F and 67 F = 0.502 X 0.02221 = 0.01115 lb 
water per pound dry air. (Equation 14, Chapter 1,) 

Weight of water to be removed = ^ {Wo - Wi) = (0.01402 - 0.01115) = 

6.03 lb per hour. 


Occupants: 

50 X 431 = 21,550 Btu per hour. 

50 X 0.198 — 9.95 lb water per hour evaporated. 


Lights: 

4200 X 3.413 = 14,335 Btu per hour. 
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Summary: 


Component of Load 

Btu 

PER Hour 

Combined Normal and Solar Radiation TranRmission 

21,413 

5,993 

18,965 

14,410 

21,650 

14,335 

96,664 

Normal Transmission 

Solar Radiation Through Glass.. .. . 

OntsiHia Air __ _ __ _ _ _ __ 

Orrnpanfs _ _ _ _ 

Lights _ _ 

Total _ _ 



Latent Heat: 

Outside air 6.03 lb water per hour. 

Occupants 9.95 lb water per hour. 

15.98 lb water per hour. 

15.98 X - 15.98 X 1062.7 * 16,980 Btu per hour. 
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COMBUSTION AND FUELS 


Principles of Combustion, Chissification of Coals, Firing 
Methods for Coals, Firing Methods for Coke, Dustless Treat- 
ment of Coal, Classification of Oils, Combustion of Oil, Classi- 
fication of Gas, Combustion of Gas 

T he data given in the first part of this chapter are of general appli- 
cation to the various fuels used in domestic heating which are coal, 
coke, oil and gas. ^ The choice of fuel is a question of dependability, 
cleanliness, fuel availability, economy, operating requirements and control. 

FUNDAMENTAL PRINCIPLES OF COMBUSTION 

Combustion may be defined as the chemical combination of a substance 
with oxygen with a resultant evolution of heat. The rate of combustion 
depends partly upon the specific rate of reaction of the combustible 
substance with oxygen and partly upon the rate at which oxygen is 
supplied and the surrounding conditions as they define the temperature. 

Complete combustion is obtained when all of the combustible elements in 
the fuel are oxidized with all of the oxygen with which they can combine. 
All of the oxygen supplied may not be utilized. 

Perfect combustion is defined as the result of supplying the required 
amount of oxygen for combination with all of the combustible elements 
of the fuel and utilizing all of the oxygen so supplied. 

The oxygen required for the process of combustion is obtained from air 
which is a mechanical mixture of oxygen, nitrogen and small amounts of 
carbon dioxide, water vapor and inert gases. These inert gases are 
generally included with the nitrogen, and for engineering purposes the 
values given herewith may be used. 



Bt Volume Pee Cent 

Bt Weight Pbk Cent 

Ovygpn, O 2 

20.9 

23.15 

Vj 

791 

76.86 



The combination of oxygen with the combustible elements and com- 
pounds of a fuel is in accordance with fixed laws. In the case of perfect 
combustion the reactions and resultant combinations are shown in Table 1. 

The most important condition governing the process of combustion is 
temperature. It is necessary to bring a combustible substance to its 

157 





Calorific Value Theoretical Oxygen and Air Requirements 



158 


'From International Critical Tables, 1927. 



CHAPTER 8. COMBUSTION AND FUELS 


ignition temperature before it will unite in chemical combination with 
oxygen to produce combustion. The ignition temperatures for several of 
the combustible constituents of fuels are presented in Table 1. 

HEAT OF COMBUSTION 

As previously stated, the process of combustion results in the evolution 
of heat. The heat generated by the complete combustion of a unit of fuel 
is constant for a given combination of combustible elements and com- 
pounds, and is known as the heat of combustion, calorific value, or heating 
value of the fuel. 

The heat of combustion of the several fuel elements and compounds in 
their pure state is given in Table 1. 

The reaction of the carbon in the fuel with oxygen may result in the 
formation of carbon monoxide or carbon dioxide. In burning to carbon 
monoxide, the carbon is not completely oxidized and, as shown by the 
data, the heat produced is considerably less than if it were completely 
oxidized. This fact is of greatest importance in considering the efficiency 
of combustion. 

The calorific value of a fuel is determined by direct measurement of the 
heat evolved during combustion in a calorimeter. Although the ash and 
moisture content of coal from a given mine or locality may vary widely, 
the heating value of the coal, on a moisture and ash free basis, remains 
relatively constant. It is therefore possible to approximate the heating 
value of a shipment of coal as received if its moisture and ash content are 
determined, and if the heating value of similar coal on a moisture and ash 
free basis is known. This may be calculated by Equation 1. 

Heating value, as received = 

lA.^z^im%YdXaQ.,inoistureandas}ijree X [100 — (Moisture -f Ash)] 

100 

where, moisture and ash are expressed in per cent. 

The heating values for Illinois coals are published^ and it is to be ex- 
pected that values for other coals will be available in the future. 

As practically all fuels contain hydrogen they produce a certain amount 
of water vapor as one of the products of combustion. The amount of 
water vapor produced increases as the hydrogen content of the fuel 
increases. When the heating value of a fuel is determined in a calori- 
meter the water vapor is condensed and the latent heat of vaporization 
that is given up during the condensation is reported as a portion of the 
heat value of the fuel. The heat value so determined is termed the gross 
or higher heat value and this is what is ordinarily meant when the heating 
value of a fuel is specified. In burning the fuel, however, the products of 
combustion are not cooled to the dew-point and the higher heating value 
cannot be obtained. 


FLAME 

The appearance of the flame or products of combustion may serve as an 
approximate measure of the temperatures developed in the combustion 

^Siate Geological Survey Bulletin, No. 62, Classification and Selection of Illinois Coals. 
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Table 2. Flame Temperature Data 


Appeara.ncb op Flamb 

Red, visible in daylight 

Light red,— 

Orange-red 

Orange-yellow 

Yellow- white 

Bright white.,. 


Tbmpbeaturb Dbg F 

975 

1832 

2012 

2192 

2372 

2550 


process. The luminosity of a flame is caused by the heating to incan- 
descence of unconsumed particles of combustible matter in the gases, and 
the higher the temperature of these particles the whiter the flame. Table 
2 gives some approximate flame temperature data. 


AIR AND COMBUSTION 

The weight of air required for the perfect combustion of a pound of fuel 
may be determined by use of the ultimate analysis of the fuel as applied to 
Equations 2 to 4. The various elements are expressed in percentages 
by weight. 

Solid and Liquid Fuels: 

Pounds air required per pound fuel = 34.56 

Gaseous Fuels: 

Pounds air required per pound fuel = 2.46 CO + 34.56 Hi -f- 17.28 CHi -1- 
13.29 CiHi -f 14.81 CiffA + 16.13 6.10 HiS - 4.32 Oi 




When the analysis is given on a volumetric basis the equation is ex- 
pressed as follows: 

Cubic feet air required per cubic foot gas = 2.39 (CO -f- Hi) + 9.56 CHi -4- 
11.98 CiHi + 14.35 CiH^^ -f 16.74 CjHe - 4.78 Oi W 


Equations 5 and 6 may be used as approximate methods of determining 
the theoretical air requirement for any fuel. 

Pounds air required per pound fuel = 0.755 X value^ (Btu _ p^ pound) 

Cubic feet air required per unit fuel = Py 

Approximate values for the theoretical air required for different fuels 
are given in Table 3. 

It is customary to make use of the analysis of the products of com- 
bustion to determine the amount of flue gas produced and the actual 
amount of air supplied for combustion. The analysis of flue gases has 
been well described in various publications of the Bureau of Mines and 
in the literature and the details of Orsat manipulation need not be 
considered in this discussion. (See Chapter 35.) 

The weight of dry flue gas per pound of fuel burned is used in com- 
bustion loss calculations and may be determined by Equation 7. 
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Pounds dry flue gas per pound fuel = + 8^ '^2 ^ ^ C (7) 

o { LU2 + CU ) 

Values for CO 2 , 02^ CO and N 2 are percentages by volume from the flue 
gas analysis and C is the weight of carbon burned per pound of fuel 
corrected for carbon in the ash. 


EXCESS AIR 


Because the real measure of the efficiency of combustion is the relation 
existing between the amount of air theoretically required for perfect com- 
bustion and the amount of air actually supplied, a method of determining 
the latter factor is of value. Equation 8 will give reasonably accurate 
results, for most solid and liquid fuels, for determining the amount of air 
supplied per pound of fuel. 


Pounds dry air supplied per pound of fuel 


3.036 m ^ ^ 
(CO 2 + CO) ^ ^ 


( 8 ) 


Values for CO 2 , CO and N are percentages by volume from the flue gas 
analysis and C is the weight of carbon burned per pound of fuel corrected 
for carbon in the ash. 

The difference between the air actually supplied for combustion and 
the theoretical air required is known as excess air. 


Per cent excess air 


Air supplied — Theoretical air 
Theoretical air 


(9) 


Since the calculation is usually made from Orsat readings, Equation 10 
will be found to be a convenient statement of this relationship. 


Table 3. Theoretical Air Requirements 


Solid Fuel 

Pounds Air Pee Pound Fuel 

Anthrarire _ _ _ __ 

9.6 

Sp.mi-hit-nminoiifi roal 

11.2 

Bituminous? coal 

10.3 

Lignitfi . 

6.2 

C!ok-#=! 

11.2 



Fuel On. 

Pounds Air Per Gallon Fuel 

Cnmmprrial Standard No. 1 . _ _ 

102.6 

Commprrial Standard No. 2 ___ 

104.5 

Commf‘rrial Standard No. .T.. .. 

106.5 

Commf^roial Standard No. ^ 


Commprrifil Standard No. 6 _ 

114,2 



Gaseous Fuels 

Cubic Feet Air Pee Cubic Foot Gas 

Natural gas 

10.0 

Mixed, natural and water gas 

4.4 

Carbureted water gas 

4.4 

Water gas, coke. 

2.1 

Coke oven gas 

5.2 
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Per cent excess air 


100 


(o. 


co\ 

2 ) 


N2 X 0.264 


- (02 - 


2 ) 


( 10 ) 


In this formula the symbols represent volumetric percentages of the 
flue gas constituents as determined by analysis. 

The amount of excess air in its relation to the percentage of CO 2 is 
shown by the curves in Fig. 1 for several fuels. These are approximate 
values. It should be noted that in hand-fired furnaces with long periods 
between firings the combustion goes through a cycle in each period and 
the quantity of excess air present varies. 

Due to the different carbon-hydrogen ratios of the different fuels the 
maximum CO 2 attainable varies. Representative values for perfect com- 
bustion of several fuels are given in Table 4. 



Fig. 1. Relation Between CO2 and Excess Air in Gases of Combustion 


In considering the factor of excess air it should be noted that a deficien- 
cy of air supply will result in combustible products passing to the stack 
unburned. An excess of air absorbs heat from the products of combustion 
pd results in a greater loss of sensible heat to the stack. An excess of air 
is always required, however, to eliminate combustible losses occasioned 
by poor mixing of the fuel and air. It is considered good practice, under 
usual operating conditions, to supply from 25 to 50 per cent excess air, 
dependent upon the fuel utilized. 

SECONDARY AIR 

When bituminous coal is hand-fired in a furnace the volatile matter in 
the fuel distills off leaving coke on the grate. The product of combustion 
of the coke is CO 2 and under certain conditions some CO may arise from 
the bed. The combustion of the volatile matter and the CO may amount 
to the liberation of from 40 to 60 per cent of the heat in the fuel in the 
combustion space over the fuel bed. 
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Table 4. Maximum COi Values 


Fuel 

Per Cent COi 

Coke 

21.0 

20.2 

Anthracite 

Bituminous coal 

18.2 

Oil 

15.5 

Natural gas 

12.0 

Coke oven gas __ 

11.0 



The air that passes through the fuel bed is called primary air and the 
air that is admitted over the fuel bed in order to burn the volatile matter 
and CO is called secondary air. 

This process of combustion is illustrated in Fig. 2^. The free oxygen of 
the air passes through the grate and the ash above it and burns the carbon 
in the lower three or four inches of the fuel bed forming carbon dioxide. 
This layer noted as the oxidizing zone is indicated by the symbols CO 2 and 
02- Some of the carbon dioxide of the oxidizing zone is reduced to carbon 
monoxide in the upper layer of the fuel bed noted as the reducing zone 
and indicated by the symbols CO 2 and CO. The gases leaving the fuel 



Fig 2. Combustion of Fuel in a Hand-Fired Furnace 

bed are mainly carbon monoxide, carbon dioxide, nitrogen and very little 
free oxygen. Free oxygen is admitted through the firing door to bum 
carbon monoxide and the volatile combustible distilled from the freshly 
fired fuel. 

The division of the total into primary and secondary air necessary to 
produce the same rate of burning and the same excess air depends on a 
number of factors which include size and type of fuel, depth of fuel bed, 
and size of fire-pot. The ratio of the secondary to the primary air in- 
creases with decrease in the size of the fuel pieces, with increase in the 
depth of the fuel bed, and with increase in the area of the fire-pot; the 
ratio also increases with increase in rate of burning. 

Size of the fuel is a very important factor in fixing the quantity of 
secondary air required for non-caking coals. With caking coals it is not 
so important because small pieces fuse together and form large lumps. 
Fortunately a smaller size fuel gives more resistance to air flow through 

*From Bureau of Mines Technical Paper No. 80. 
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the fuel bed and thus automatically causes a larger draft above the fuel 
bed, which draws in more secondary air through the same slot openings. 
In spite of this, a small size fuel requires a larger opening of the door 
slots; for a certain size for each fuel no slot opening is required, and for 
larger sizes too much excess air gets through the fuel bed. 

It is impossible to establish a single rule for the correct slot opening for 
all types and sizes of fuels and for all rates of burning. Furthermore, the 
effect of slot opening is dependent on whether the ashpit damper is open 
or closed. It is better to have too much than too little secondary air; the 
opening is too small if there is a puff of flame when the firing door is opened. 



Coke of Various Sizes When Burned at Various Rates 

The relationship of the slot opening, for a domestic furnace, to the size 
of coke and the rate of burning is shown in Fig. 3®. These openings are 
with the ashpit damper wide open, and would be less if the available draft 
permitted the damper to be partly closed. The same openings are 
satisfactory for anthracite. 

Bituminous coals require a large amount of secondary air during the 
period subsequent to a firing in order to consume the gases and to reduce 
the smoke. The smoke produced is a good indicator, and that opening is 
best which reduces the smoke to a minimum. Too much secondary air 
will cool the gases below the ignition point, and prove harmful instead of 
beneficial. The following suggestions will be helpful: 

1. In cold weather, with high combustion rates, the secondary air damper should be 
half open all the time. 

2. In very mild weather, with a very low combustion rate, the secondary air damper 
should be closed all the time. 

3. For temperatures between very mild and very cold, the secondary air damper 
should be in an intermediate position. 


•From Bureau of Mines Report of Investigations, No. 2980. 
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4. For ordinary house operation, secondary air is needed after each firing for about 
one hour. 

In the field of domestic heating the use of secondary air in the com- 
bustion of oil is generally restricted to the larger semi-commercial types 
of oil burners used in large heating boilers. This factor is discussed in 
Chapter 10, Automatic Fuel Burning Equipment. 

The air that is supplied around the flame in a domestic heating gas 
burner is considered as secondary air. As it is drawn into the appliance 
by natural draft action, the need for proper draft control is evident. 

Draft Requirements 

The draft required to effect a given rate of burning the fuel as measured 
at the smokehood is dependent on the following factors: 

1. Kind and size of fuel. 

2. Combustion rate per square foot of grate area per hour. 

3. Thickness of fuel bed. 

4. Type and amount of ash and clinker accumulation. 

5. Amount of excess air present in the gases. 

6. Resistance offered by the boiler passes to the flow of the gases. 

7. Accumulation of soot in the passes. 

Insufficient draft will necessitate additional manipulation of the fuel 
bed and more frequent cleanings to keep its resistance down. Insufficient 
draft also restricts the control by adjustment of the dampers. 

The quantity of excess air present has a marked affect on the draft 
required to produce a given rate of burning. If the excess is caused by 
holes in the fuel bed or an extremely thin fuel bed it is often possible to 
produce a higher rate of burning by increasing the thickness of the bed. 
The thickness of the fuel bed should not, however, be increased too much 
because the increased draft resistance will reduce the rate of primary air 
supply and the rate of burning. 

DRAFT REGULATION 

Because of the varying heating load demands present in most instal- 
lations it is necessary to vary the rate of fuel burning. The maintenance 
of the proper air supply for the various rates of burning is accomplished 
by regulation of the drafts. Correct and incorrect methods of draft 
regulation are shown in Fig. 4. The air enters through the ashpit draft 
door, firing door and by leaks in the setting, whereas the gases leave only 
through the uptake. By throttling the gases with the damper in the 
uptake all the air entering by each of the three intakes is reduced in the 
same proportion. If the ashpit draft door is closed the air admitted 
through the ashpit is reduced and increased through the other two intake 
openings. 

Methods of control of draft conditions when burning oil or gas are 
noted in Chapter 10, Automatic Fuel Burning Equipment. 

CLASSIFICATION OF COALS 

The complex composition of coal makes it difficult to classify it into 
clear-cut types. Its chemical composition is some indication but coals 
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having the same chemical analysis may have distinctly different burning 
characteristics. Users are mainly interested in the. available heat per 
pound of coal, in the handling and storing properties, and in the burning 
characteristics. A description of the relationship between the qualities 
of coals and these characteristics requires considerable space; a treatment 
applicable to heating boilers is given in Bureau of Mines Bulletin No. 276. 

Coal composition may be expressed by either an ultimate or proximate 
analysis. In the ultimate analysis the proportions of carbon, hydrogen, 
oxygen, nitrogen, sulphur, and ash are determined. This form of analysis 
is difficult to make and is used only for extremely close studies. The 
proximate analysis is more easily made and is satisfactory for most 
purposes. In this analysis, the proportions of moisture, volatile matter, 
fixed carbon, and ash are determined. Moisture is obtained by noting 
the loss of weight of a sample of coal when dried at about 220 F. To 



Fig. 4. Correct and Incorrect Methods of Draft Regulation 
IN A Hand-Fired Furnace 

determine volatile matter, the dried sample is heated to about 1750 F 
in a closed crucible, and the loss of weight is noted. The sample is then 
burned in an open crucible, and the accompanying loss of weight repre- 
sents the fixed carbon. The unburned residue is ash. Although deter- 
mined separately, the sulphur content is frequently reported with a 
proximate analysis. 

Other important qualities of coals are the screen sizes, ash fusion 
temperature, friability, caking tendency, and the qualities of the volatile 
matter. In considering these factors the following points are of interest. 
The volatile products given off by coals when they are heated differ 
materially in the ratios by weight of the gases to the oils and tars. No 
heavy oils or tars are given off by anthracite, and very small quantities 
are given off by semi-anthracite. As the volatile matter in the coal 
increases to as much as 40 per cent of ash and moisture-free coal, in- 
creasing amounts of oils and tars are released. For coals of higher 
volatile content, the relative quantity of oils and tars decreases, so it 
is low in the sub-bituminous coals and in lignite. The percentage of ash 
and its fusion temperature do not indicate how the ash is distributed 
or how much of it is less fusible lumps of slate or shale. 
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^ A classification of coals is given in Table 5, and a brief description of the 
kinds of fuels is given in the following paragraphs, but it should be 
recognized that there are no distinct lines of demarcation between the 
kinds, and that they graduate into each other. 

Anthracite is a clean, dense, hard coal which creates little dust in handling. It is com- 
paratively hard to ignite but it burns freely when well started. It is non-caking, it burns 
uniformly and smokelessly with a short flame, and it requires no attention to the fuel bed 
between firings. It is capable of giving a high efficiency in the common types of hand- 
fired furnaces. A tabulation of the quality of the various anthracite sizes will be found in 
Bureau of Mines Report of Investigations No. 3283. 

Semi-anthracite has a higher volatile content than anthracite. It is not so hard and 
ignites somewhat more easily ; otherwise its properties are similar to those of anthracite. 

Semi-hituminous coal is soft and friable, and fines and dust are created by handling it. 
It ignites somewhat slowly and burns with a medium length of flame. Its caking pro- 
perties increase as the volatile matter increases, but the coke formed is relatively weak. 

Table 5. Classification of Coals by Rank^ 

Legend: F.C. = Fixed Carbon, V.M. = Volatile Matter. Btu = British thermal units. 


Class 

Group 

Limits op Fixed Carbon or Btu 
Mineral-MattebtFree Basis 

Rbquibitb Physical 
Properties 


1. Meta-anthracite 

Div F.C., 98 per cent or more (Dry 
V.M., 2 per cent or less) 

Dry F.C., 92 per cent or more and less 
than 98 per cent (Dry V.M., 8 per 
cent or leas and more man 2 per cent) 
Dry F.C., 86 per cent or more and less 
than 92 per cent (Dry V.M., 14 per 
cent or less and more than 8 per cent) 

I 


2. Anthracite.. .. 


1. Anthracite 


Non-agglomeratingb 





1. Low volatile bituminous coal 

Dry F.C., 78 per cent or more and less 
than 86 per cent (Dry V.Mh 22 per 
cent or less and more than 14 per 
cent) 

Dry F.C., 69 per cent or more and less 
than 78 per cent (Dry V.M., 31 per 
cent or less and more than 22 per 
cent) 

Dnr F.C., less than 69 per cent (Dry 
V.M., more than 31 per cent); and i 
moist® Btu, 14,000» or more 1 

Moist® Btu, 13,000 or more and less | 
than 14.000* 

Moist Btu. 11,000 or more and less 
than 13,000® 


11 Bituminous^* • 

2. Medium volatile bituminous coal 

3. High volatile A bituminous coal.. 

4. High volatile B bituminous coal„ 

5. High volatile (7 bituminous coaL 

Either agglomerating^ 
or non-weathering/ 


1 SiiK.hit.nTniTiniis A nnal 

Moist Btu, 11,000 or more and less 


III. Sub-bituminous..' 

0. finb-Vii+.n-miTinna R enal 

than 13,000® 

Moist Btu, 9500 pr more and less 
than 11,000® 

Moist Btu, 8300 or more and less 
than 9500® 

Both weathering and 

Snb-hitnTninrma (1 final _ 

non-agglomerating^ 




IV. Lignitic | 

1. Lignite. — 

Moist Btu less than 8300 

Consolidated 

2. Brown coal . . 

Moist Btu less than 8300 

Unconsolidated 





“This classification does not include a few coals which have unusual physical and chemical properties 
and which come within the limits of fixed carbon or Btu of the high-volatile bituminous and sub-bi,tuminous 
ranks. All of these coals either contain less than 48 per cent dry, mineral-matter-free fixed carbon or have 
more than 15,500 moist, mineral-matter-free Btu. 

**11 agglomerating, classify in low- volatile group of the bituminous class. 

“Moist Btu refers to coal containing its natural bed moistmre but not including visible water on the 
surface of the coal. 

‘*It is recognized that there may be non-caking varieties in each group of the bituminous class. 

•Coals having 69 per cent or more fixed carbon on the dry, mineral-matter-free basis shall be classified 
according to fix^ carbon, regardless of Btu. 

/There are three varieties of coal in the High-volatile C bituminous coal group, namely. Variety 1, 
agglomerating and non-weathering; Variety 2, agglomerating and weathering; Variety 3, non-agglomerating 
and non-weaSiering. 

Adapted from A.S.T.M, Standards, 1937, Supplement, p. 145, American Society for Testing Materials 
Philadelphia. 
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Having only half the volatile matter content of the more abundant bituminous coals it 
can be burned with less production of smoke, and it is sometimes called smokeless coal. 

The term bituminous coal covers a large range of coals and includes many types having 
distinctly different composition, properties, and burning characteristics. The coals range 
from the high-grade bituminous coals of the East to the poorer coals of the West.^ Their 
caking properties • range from coals which completely melt, to those from which the 
volatiles and tars are distilled without change of form, so that they are classed as non- 
caking or free-burning. Most bituminous coals are strong and non-friable enough to 
permit of the screened sizes being delivered free from fines. In general, they ignite 
easily and burn freely; the length of flame varies with different coals, but it is long. Much 
smoke and soot are possible especially at low rates of burning. 

Sub-bituminous coals occur in the western states; they are high in moisture when 
mined and tend to break up as they dry or when exposed to the weather; they are liable 
to ignite spontaneously when piled or stored. They ignite easily and quickly and have a 
medium length flame, are non-caking and free-burning; the lumps tend to break into 
small pieces if poked; very little smoke and soot are formed. 

Lignite is of woody structure, very high in moisture as mined, and of low heating 
value; it is clean to handle. It has a greater tendency than the sub-bituminous coals to 
disintegrate as it dries, and it also is more liable to spontaneous ignition. Freshly mined 
lignite, because of its high moisture, ignites slowly. It is non-caking. The char left after 
the moisture and volatile matter are driven off burns very easily, like charcoal. The 
lumps tend to break up in the fuel bed and pieces of char falling into the ashpit continue 
to burn. Very little smoke or soot is formed. 

It is often desirable to learn about the properties of a coal, such as the various items 
noted in the discussion of proximate analyses. As a guide for the consumer as to the 
expected characteristics of coals several commercial publications are available and 
numerous reports of the Bureau of Mines discuss the coals produced in individual state 
areas. 


CUSSIFICATION OF COKES 

Coke is produced by the distillation of the volatile matter from coal. The type of 
coke depends on the coal or mixture of coals used, the temperatures and time of distil- 
lation and, to some extent, on the type of retort or oven; coke is also produced as a 
residue from the destructive distillation of oil. 

High-temperature cokes. Coke as usually available is of the high-temperature type, 
and contains between 1 and 2 per cent volatile matter. High-temperature cokes are sub- 
divided into beehive coke of which comparatively little is now sold for domestic use, by- 
product coke, which covers the greater part of the coke sold, and gas-house coke. The 
differences among these three cokes are relatively small; their denseness and hardness 
decrease and friability increases in the order named. In general, the lighter and more 
friable cokes ignite and burn the more easily. 

Low-temperature cokes are produced at low coking temperatures, and only a portion 
of the volatile matter is distilled off. Cokes as made by various processes under develop- 
ment have contained from 10 to 15 per cent volatile matter. In general, these cokes 
ignite and burn more readily than high-temperature cokes. The properties of various 
low-temperature cokes may differ more than those of the various high-temperature cokes 
because of the differences in the quantities of volatile matter and because some may be 
light and others briquetted. 

Petroleum cokes, which are obtained by coking the residue left from the distillation of 
petroleum, vary in the amount of volatile matter they contain, but all have the common 
property of a very low ash content, which necessitates the use of refractory pieces to 
protect the grates from being burned. 

FIRING METHODS FOR ANTHRACITE" 

An anthracite fire should never be poked or disturbed, as this serves 
to bring ash to the surface of the fuel bed where it may melt into clinker. 


^See reports published by Anthracite Industries Laboratory. Primos, Delaware County, Pennsylvania. 
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Egg size is suitable for large firepots (grates 24 in. and over) if the fuel 
can be fired at least 16 in. deep. The air spaces between the pieces of coal 
are large, and for best results this coal should be fired deeply. 

Stove size coal is the proper size of anthracite for many boilers and 
furnaces used for heating buildings. It burns well on grates at least 16 in. 
in diameter and 12 in. deep. The only instructions needed for burning 
this type of fuel are that the grate should be shaken daily, the fire should 
never be poked or disturbed, and the fuel should be fired deeply and 
uniformly. 

Chestnut size coal is in demand for fire-pots up to 20 in. in diameter, with 
a depth of from 10 to 15 in. 

Pea size coal is often an economical fuel to burn. It is relatively low in 
price. When fired carefully, pea coal can be burned on standard grates. 
Care should be taken to shake the grates only until the first bright coals 
begin to fall through the grates. The fuel bed, after a new fire has been 
built, should be increased in thickness by the addition of small charges 
until it is at least level with the sill of the fire-door. This keeps a bed of 
ignited coal in readiness against the time when a sudden demand for heat 
shall be made on the heater. A satisfactory method of firing pea coal 
consists of drawing the red coals toward the front end and piling fresh 
fuel toward the back of the fire-box. 

Pea size coal requires a strong draft and therefore the best results 
generally will be obtained by keeping the choke damper open and regu- 
lating solely by means of the cold air check and the air inlet damper. As 
a precaution against clinker, it is well to adjust the air inlet damper so 
that it can never be completely closed under any operating conditions. 

Buckwheat size coal for best results requires more attention than pea 
size coal, and in addition the smaller size of the fuel makes it more difficult 
to burn on ordinary grates. Greater care must be taken in shaking the 
grates than with the pea coal on account of the danger of the fuel falling 
through the grate. In house heating furnaces the coal should be fired 
lightly and more frequently than pea coal. When banking a buckwheat 
coal fire it is advisable after coaling to expose a small spot of hot fire by 
putting a straight poker down through the bed of fresh coal. This will 
serve to ignite the gas that will be distilled from the fresh coal and prevent 
delayed ignition within the fire-pot, which in some cases, depending upon 
the thickness of the bed of fresh coal, is severe enough to blow open the 
doors and dampers of the furnace. Where frequent attention can be given 
and care exercised in manipulation of the grates this fuel can be burned 
satisfactorily without the aid of any special equipment. 

In general it will be found more satisfactory with buckwheat coal to 
maintain a uniform heat output and consequently to keep the system 
warm all the time, rather than to allow the system to cool off at times and 
then to attempt to burn the fuel at a high rate while warming up. A uni- 
form low fire will minimize the clinker formation and keep the clinker in 
an easily broken up condition so that it readily can be shaken through 
the grate. 

Forced draft and small mesh grates are frequently used for burning 
buckwheat anthracite. For greater convenience, domestic stokers are 
used. 
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Buckwheat anthracite No. 2, or rice size, is used principally in stokers 
of the domestic, commercial and industrial type. No. 3 buckwheat 
anthracite, or barley, has no application in domestic heating. 

The Anthracite Institute Standards of sizing are shown in Table 6 taken 
from Anthracite Industries Manual, Report No. 2403. 

FIRING METHODS FOR BITUMINOUS COAL 

Bituminous coal should never be fired over the entire fuel bed at one 
time, A portion of the glowing fuel should always be left exposed to 
ignite the gases leaving the fresh charge. 

Air should be admitted over the fire through a special secondary air 
device, or through a slide in the fire-door or by opening the fire-door 
slightly. If the quantity of air admitted is too great the gases will be 
cooled below the ignition temperature and will fail to burn. The fireman 

Table 6. Anthracite Standards 


Classification 

Coal Size, Inches 

Eg? 

Through 3-}^ Over 2-Jf6 

Through 2-J{6 Over 1-5^ 
Through Over 

Through 1^6 Over 

Through Over %6 

Stove, 

Nut . 

Pea . 

Buckwheat _ _ 



can judge the quantity of air to admit by noting when the air supplied 
is just sufficient to make the gases burn rapidly and smokelessly above the 
fuel bed. 

The red fuel in the fire-box, before firing, excepting only a shallow layer 
of coke on the grate, should be pushed to one side or forward or back- 
ward to form a hollow in which to throw the fresh fuel. Some manu- 
facturers recommend that all red fuel be pushed to the rear of the fire-box 
and that the fresh fuel be fired directly on the grate and allowed to ignite 
from the top. The object of this is to reduce the early rapid distillation 
of gases and to reduce the quantity of secondary air required for smoke- 
less combustion. 

It is well to have the bright fuel in the fire-box so placed that the gases 
from the freshly fired fuel, mixed with the air over the fuel bed, pass 
over the bed of bright fuel on the way to the flues. The bed of bright 
fuel then supplies the heat to raise the mixture of air and gas to the 
ignition temperature, thereby causing the gaseous matter to burn and 
preventing the formation of smoke. 

The importance of firing bituminous coal in small quantities at short 
intervals is discussed in the U, S. Bureau of Mines Technical Paper, 
No. 80. Better combustion is obtained by this method in that the fuel 
supply is maintained more nearly proportional to the air supply. 

This is demonstrated in Fig. 5 where diagram A shows the air supply 
and the distillation of the volatile combustible when the firings are 5 min 
apart; and diagram B indicates the same relationships when the firings 
are 15 min apart. In both cases the amount of coal fired per hour and the 
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weight of volatile combustible distilled from the coal are the same. This 
weight of volatile combustible is represented by the shaded area under the 
saw-tooth curve. The horizontal dotted lines represent the constant air 
supply sufficient to burn the volatile matter represented by the shaded 
areas under each line. The shaded areas above each horizontal line 
represent for each air supply the loss from incomplete combustion of the 
volatile matter. The clear area under each horizontal line represents the 
loss from excessive air. As the air supply increases the loss from incom- 
plete combustion decreases but the loss from excessive air becomes larger. 
The sum of the two losses is the least when the air supply is introduced 
as noted by the average line. It is evident that the sum of the losses for 




Fig. 6. Relation of Rate of Distillation of Volatile Matter and 
Necessary Air Supply 

the average air supply is much larger in diagram B than in A which would 
indicate 3iat small and frequent firings are better than large firings at 
long intervals. 

If the coal is of the caking kind the fresh charge will fuse into one solid 
mass which can be broken up with the stoking bar and leveled from 20 
min to one hour after firing, depending on the temperature of the fire-box. 
Care should be exercised when stoking not to bring the bar up to the 
surface of the fuel as this will tend to bring ash into the high temperature 
zone at the top of the fire, where it will melt and form clinker. The 
stoking bar should be kept as near the grate as possible and should be 
raised only enough to break up the fuel. With fuels requiring stoking it 
may not be necessary to shake the grates, as the ash is usually dislodged 
during stoking. 

It is acknowledged that it may be difficult to apply the outlined 
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methods to domestic heating boilers of small size, especially when frequent 
attendance is impractical. The adherence to these methods insofar as 
practical, however, will result in better combustion. 

The output obtained from any heater with bituminous coal will usually 
exceed that obtainable with anthracite, since bituminous coal burns more 
rapidly than anthracite and with less draft. Bituminous coal, however, 
will require frequent attention to the fuel bed, because it burns unevenly, 
even though the fuel bed may be level, forming holes in the fire which 
admit too much air, chilling the gases over the fuel bed and reducing the 
available draft. 

FIRING METHODS FOR SEMI-BITUMINOUS COAL 

The Pocahontas Operators Association recommends the central cone 
method of firing, in which the coal is heaped on to the center of the bed 
forming a cone the top of which should be level with the middle of the 
firing door. This allows the larger lumps to fall to the sides, and the fines 
to remain in the center and be coked. The poking should be limited to 
breaking down the coke without stirring, and to gently rocking the grates. 
It is recommended that the slides in the firing door be kept closed, as the 
thinner fuel bed around the sides allows enough air to get through. 

FIRING METHODS FOR COKE 

Coke ignites less readily than bituminous coal and more readily than 
anthracite and bums rapidly with little draft. In order to control the air 
admitted to the fuel it is very important that all openings or leaks into 
the ashpit be closed tightly. A coke fire responds rapidly to the opening 
of the dampers. This is an advantage in warming up the system, but it 
also makes it necessary to watch the dampers more closely in order to 
prevent the fire from burning too rapidly. In order to obtain the same 
interval of attention as with other fuels a deep fuel bed always should be 
maintained when burning coke. The grates should be shaken only 
slightly in mild weather and should be shaken only until the first red 
particles drop from the grates in cold weather. The best size of coke for 
general use, for small firepots where the fuel depth is not over 20 in., is 
that which passes over a 1 in. screen and through a 13^ in. screen. For 
large firepots where the fuel can be fired over 20 in. deep, coke which 
passes over a 1 in. screen and through a 3 in. screen can be used, but a 
coke of uniform size is always more satisfactory. Large sizes of coke 
should be either mixed with fine sizes or broken up before using. 

PULVERIZED COAL 

Although several pulverized coal burning units for domestic heating 
plant firing have been developed, none has attained extended use. Two 
general methods of adaptation have been employed, one where the coal 
is pulverized by the unit at the furnace and one where the coal is delivered 
to the home in pulverized form. 

FURNACE VOLUME 

The principal requirements for a hand-fired furnace are that it shall have 
enough grate area and correctly proportioned combustion space. The 

172 




CHAPTER 8. COMBUSTION AND FUELS 


amount of grate area required is dependent upon the desired combustion 
rate. 

The furnace volume is influenced by the kind of coal used. Bituminous 
coals, on account of their long-flaming characteristic, require more space 
in which to burn the gases of combustion completely than do the coals 
low in volatile matter. For burning high volatile coals provision should 
be made for mixing the combustible gases thoroughly, so that combustion 
is complete before the gases come in contact with the relatively cool 
heating surfaces. An abrupt change in the direction of flow tends to mix 
the gases of combustion more thoroughly. Anthracite requires practically 
no combustion space. 

DUSTLESS TREATMENT OF COAL 

The practice of treating the more friable coals to allay the dust they 
create is increasing. The coal is sprayed with petroleum products, par- 
ticularly the lighter oils, a solution of calcium chloride or a mixture of 
calcium and magnesium chlorides. The latter salts are very hygroscopic 
and their moisture under normal atmospheric conditions keeps the 
surface of the coal damp, thus reducing the dust during delivery in the 
cellar, and obviating the necessity of sprinkling the coal in the bin. 

The coal is usually treated at the mine, but sometimes by the local 
distributor just before delivery. The salt solutions are sprayed under 
high pressure, using from 2 to 4 gal or from 5 to 10 lb of the salt per ton of 
coal, depending on its friability and size. Oil for the dustless treatment 
of coal is also applied under high pressure, in concentrations of 1 to 8 qt 
per ton of coal, depending upon the characteristics of the coal and oil. 

CLASSIFICATION OF OILS 

The Commercial Standard Specifications for Fuel Oils (CS 12-40) of 
the Z7. S. Department of Commerce are given in Table 7. These speci- 
fications conform with American Society for Testing Materials Tentative 
Specifications for Fuel Oils D396-38T. 

The specific gravity of oil is of interest in its relationship to the calorific 
value and these data are given in Table 8. 

COMBUSTION OF OIL 

With oil, as with any kind of fuel, efficient heat production requires 
that all combustible matter in the fuel shall be completely consumed and 
that it shall be done with a minimum of excess air. The combustion of 
oil is a rather rapid chemical reaction. Excess air provides an over supply 
of oxygen so that all of the oil, composed of carbon and hydrogen, will be 
completely oxidized and thus produce all the heat possible. The use of 
unreasonable quantities of air in excess of theoretical combustion require- 
ments results in lowered efficiencies due to increased stack losses. Such 
losses, if not accompanied by unburned products of combustion (satu- 
rated and unsaturated hydrocarbons, hydrogen, etc.) may be offset some- 
what by increasing the secondary heating surfaces of the heat absorbing 
medium boiler or furnace. 

Oil is a highly concentrated fuel composed mainly of hydrogen and 
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carbon. In its liquid form oil cannot burn. It must be converted into a 
gas or vapor by some means. If the excess air is to be kept within efficient 
limits it means that air must be supplied in carefully regulated quantities. 
The air and oil vapor must be vigorously mixed to get a rapid and com- 
plete chemical reaction. The better the mixing, the less excess air will 
be needed. The combustion must take place in a space that maintains the 
temperatures high so the reaction will not be stopped before completion. 
When equipped with a means of igniting the oil, and safety devices to 
guard against mishaps, the oil burner becomes efficient and automatic. 

CLASSIFICATION OF GAS 

Gas is broadly classified as being either natural or manufactured. 
Natural gas is a mechanical mixture of several combustible and inert 
gases rather than a chemical compound. Manufactured gas as dis- 

Table 8. Approximate Gravity and Calorific Value of 
Standard Grades of Fuel Oil 


COMMliRCIA.L 

Standard No. 

Approximath Gravttt, 

Ranoe Battme 

Calorific Value 

Btu Per Gallon 

1 

38-40 

136,000 

2 

34-36 

138,500 

3 

28-32 

141,000 

5 

18-22 

148,500 

6 

14-16 

152,000 


tributed is usually a combination of certain proportions of gases produced 
by two or more processes. Representative properties of gaseous fuels 
commonly used in domestic heating are presented in Table 9. 

Natural gas is the richest of the gases and contains from 80 to 95 
per cent methane, with small percentages of the other combustible 
hydrocarbons. In addition, it contains from 0.5 to 5.0 per cent of CO 2 , 
and from 1 to 12 or 14 per cent of nitrogen. The heat value varies from 
1000 to 1200 Btu per cubic foot, the majority of natural gases averaging 
about 1000 Btu per cubic foot. Table 9 shows typical values for the 
four main oil fields, although values from any one field vary materially. 

Table 9 also gives the calorific values of the more common types of 
manufactured gas. Most states have legislation which controls the distri- 
bution of gas and fixes a minimum limit to its heat content. The gross 
or higher calorific value usually ranges between 520 and 645 Btu per cubic 
foot, with an average of 535. A given heat value may be maintained and 
yet leave considerable latitude in the composition of the gas so that as 
distributed the composition is not necessarily the same in different dis- 
tricts, nor at successive times in the same district. However, in any 
community the variations in gas composition are held within suitable 
limits so that the performance of approved gas appliances will not be 
adversely affected. 

COMBUSTION OF CAS 

The majority of gas burners utilized in central domestic heating plants 
are of the Bunsen type and operate with a non-luminous flame. In this 
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Table 9. Representative Properties of Gaseous Fuels. 
Based on Gas at 60 F and 30 in. Hg. 


Gits 

Bttj per Cu Ft 

Specific 
Gravitt, 
Ana = 
1.00 


Products op Combustion 



i 

High 

Low 

Aih Re^uikeI) 
FOR Combus- 
tion, 

(Cu Ft) 

Cubic Feet 

Ulti- 

mate 

COa 

Dry 

Basis 

T SEORE I ICAl 
Flame Tem- 
perature, 
(deg F) 


(Gross) 

(Net) 

COs 


Total 

with 

i\ra 

Natural gas — 
California 

1200 

1087 

0.67 

11.26 

1.24 

2.24 

12.4 

12.2 

3610 

Natural gas — 
Mid-Conti- 
nental 

967 

873 

0,57 

9.17 

0.97 

1.92 

10.2 

11.7 

3580 

Natural gas — 
Ohio 

1130 

1025 

0.65 

10.70 

1.17 

2.16 

11.8 

12.1 

3600 

Natural gas — 
Pennsylvania 

1232 

1120 

0.71 

11.70 

1.30 

2.29 

12.9 

12.3 

3620 

Retort coal gas 

575 

510 

0.42 

5.00 

0.50 

1.21 

5.7 

11.2 

3665 

Coke oven gas 

588 

521 

0.42 

5.19 

0.51 

1.25 

5.9 

11.0 

3660 

Carbureted 
water gas 

536 

496 

0.65 

4.37 

0.74 

0.75 

5.0 

17.2 

3815 

Blue water gas 

308 

281 

0.53 

2.26 

0.46 

0.51 

2.8 

22.3 

3800 

Anthracite pro- 
ducer gas 

134 

124 

0.85 

1.05 

0.33 

0.19 

1.9 

19.0 

3000 

Bituminous 
producer gas 

150 

140 

0.86 

1.24 

0.35 

0.19 

2.0 

19.0 

3160 

Oil gas 

575 

510 

0.35 

4.91 

0.47 

1.21 

5.6 

10.7 

3725 


type of burner part of the air required for combustion is mixed with the 
gas as primary air, the air and gas mixture being fed to the burner ports. 
Additional secondary air is introduced around the flame by draft inspi- 
ration. In the luminous flame burner, which is sometimes used, all of tibe 
air for combustion is brought in contact with the flame as secondary air. 
The importance of bringing the secondary air into intimate contact with 
the gas is noted. 

Some makes of burners use radiants or refractories to convert some of 
the enerp^ in the gas to radiant heat. The radiants also serve as baffles 
in directing the flow of the products of combustion. 

The quantity of air given in Table 9 is that required for theoretical 
combustion, but with a properly designed and installed burner the excess 
air can be kept low. The division of the air into primary and secondary 
is a matter of burner design and the pressure of gas available, and also of 
the type of flame desired. 

The air gas ratio has a decided effect upon flame propagation. It is 
necessary that the gas will flow out of the burner ports fast enough so that 
the flame cannot travel back into the burner head, ue, flash ha^^ but the 
velocity must not be so high that it blows the flame away from the port. 
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The maximum and minimum flow speeds from burner ports which may- 
be permitted are known to be very close together when air-gas mixtures 
in theoretical proportions are being supplied to the burner. As the air-gas 
ratio is lowered, and the mixture becomes more gas rich^ the limiting 
speeds become further apart, until with 100 per cent gas, in an all-yellow 
flame, flash back cannot occur and a much higher velocity is needed to 
blow off the flames. 


SOOT 

The deposit of soot on the flue surfaces of a boiler or heater acts as an 
insulating layer over the surface and reduces the heat transmission to the 
water or air. The Bureau of Mines Report of Investigations No. 3272 
shows that the loss of seasonal efficiency is not as great as has been 
believed and usually is not over 6 per cent because the greater part of the 
heat is transmitted through the combustion chamber surfaces. The 
Bureau of Standards Report BMS 54 points out that, although the decrease 
in efficiency of an oil fired boiler due to soot deposits is relatively small 
the attendant increase in stack temperature may become excessive. 

The soot accumulation clogs the passages and reduces the draft; the 
loss of efficiency from this action may be considerably greater than from 
the reduction in heat transfer. 
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CHIMNEYS AND DRAFT CALCULATIONS 


Natural Draft, Mechanical Draft, Draft Control, Characteristics 
of Natural Draft Chimneys, Determining Chimney Sizes, 
General Equation, Domestic Chimneys, Construction Details, 
Chimneys for Gets Heating 

D raft, in general, may be defined as the pressure difference between 
the atmospheric pressure and that at any part of an installation 
through which the gases flow. Since a pressure difference implies a head, 
draft is a static force. While no element of motion is inferred, yet 
motion in the form of circulation of gases throughout an entire boiler 
plant installation is the direct result of draft. This motion is due to the 
pressure difference, or unbalanced pressure, which compels the gases to 
flow. Draft is often classified into two kinds according to whether it is 
created thermally or artificially, such as, (1) natural or thermal draft, and 
(2) artificial or mechanical draft. 

Natural Draft 

Natural draft is the difference in pressure produced by the difference in 
weight between the relatively hot gases inside a natural draft chimney and 
an equivalent column of the cooler outside air, or atmosphere. Natural 
draft, in other words, is an unbalanced pressure produced thermally by a 
natural draft chimney as the pressure transformer and a temperature 
difference. The intensity of natural draft depends, for the most part, 
upon the height of the chimney above the grate bar level and also the 
temperature difference between the chimney gases and the atmosphere. 

A typical natural draft system consists essentially of a relatively tall 
chimney built of steel, brick, or reinforced concrete, operating with the 
relatively hot gases which have passed through the boilers and accessories 
and from which all the heat has not been extracted. Hot gases are an 
essential element in the operation of a natural draft system, although 
inherently a heat balance loss. 

A natural draft chimney performs the two-fold service of assisting in 
the creation of draft by aspiration and also of discharging the gases at an 
elevation sufficient to prevent them from becoming a nuisance. 

Natural draft is quite advantageous in installations where the total loss 
of draft due to resistances is relatively low and also in plants which have 
practically a constant load and whose boilers are seldom operated above 
their normal rating. Natural draft systems have been, and are still being, 
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employed in the operation of large plants during the periods when the 
boilers are operated only up to their normal rating. When the rate of 
operation is increased above the normal rating, some form of mechanical 
draft is employed as an auxiliary to overcome the increased resistances or 
draft losses. Natural draft systems are used almost exclusively in the 
smaller size plants where the amount of gases generated is relatively small 
and it would be expensive to install and operate a mechanical draft 
system. 

The principal advantages of natural draft systems may be summarized 
as follows: (1) simplicity, (2) reliability, (3) freedom from mechanical 
parts, (4) low^ cost of maintenance, (5) relatively long life, (6) relatively 
low depreciation, and (7) no power required to operate. The principal 



Fig. 1. Diagram of Venturi Ejector 

disadvantages are: (1) lack of flexibility, (2) irregularity, (3) affected 
by surroundings, and (4) affected by temperature changes. 

Mechanical Draft 

Artificial draft, or mechanical draft, as it is more commonly called, is a 
difference in pressure produced either directly or indirectly by a forced 
draft fan, an induced draft fan, or a Venturi chimney as the pressure 
transformer. The intensity of mechanical draft is dependent for the most 
part upon the size of the fan and the speed at which it is operated. The 
element of temperature does not enter into the creation of mechanical 
draft and therefore its intensity, unlike natural draft, is independent of the 
temperature of the gases and the atmosphere. The purpose of any 
mechanical draft system is to produce a difference in pressure between the 
point at which the air for combustion enters the boiler and the point at 
which the products of combustion leave the boiler. Such systems include 
the blower or fan. type which produces a plenum or pressure above that 
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of the atmosphere under the fire and the exhaust fan and Venturi types 
which produce a partial vacuum that is minimum under the fire, and 
maximum at the point of exit of the products of combustion from the 
boiler. The latter types are known as induced draft systems. A me- 
chanical draft system called a Venturi ejector^ is illustrated in Fig. 1, 
in which the blower forces air, taken from the outside, through a Venturi 
tube which draws the gases from the furnace, boiler or hood. With this 
system, the hot or corrosive gases do not come in contact with the blower. 
A mechanical draft system may be used either in conjunction with, or 
as an adjunct to, a natural draft system. 

Draft Control 

To obtain the maximum efficiency of combustion, a definite minimum 
supply of air to the combustion chamber must be maintained. To pro- 



Fig. 2. General Operating Characteristics of Typical Induced Draft Fan 


vide this condition, it is necessary to have some automatic mechanical 
means of draft control or adjustment, because of variable wind velocities, 
fluctuations in atmospheric temperatures and barometric pressures, each 
of which has an effect upon draft. 

For this purpose there are various mechanical devices which auto- 
matically control the volume of air admitted to the combustion chamber. 
Mechanical draft regulators designed to control or adjust draft should 
not be confused with mechanical draft systems that create draft mechani- 
cally, but which must also be automatically controlled. 

The use of such a device, to provide a more uniform and dependable 
control of draft than could be maintained by manually operated dampers, 
will produce better combustion of fuel. This higher efficiency of combus- 


^The Venturi Ejector for Handling Air, by F. F. Kravath {Heating and Ventilating, June, p. 17, August, 
o. 46. 1940). 
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tion, together with the reduced heat losses up the chimney by reason of 
decreased gas velocity, results in fuel economy, with consequent lower 
costs of plant operation. 

CHARACTERISTICS OF CHIMNEYS 

In order to analyze the performance of a natural draft chimney, it may 
be advantageous to compare its general operating characteristics with 
those of a centrifugal pump and also of a centrifugally-induced draft fan, 
there being a similarity among the three. Figs. 2, 3 and 4 show the 
general operating characteristics of a typical centrifugally-induced draft 
fan, a typical centrifugal pump, and a typical natural draft chimney, 
respectively. The draft-capacity curve of the chimney corresponds to 
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Fig. 3. Operating Characteristics of Typical Centrifugal Pump 

the head-capacity curve of the pump and also to the dynamic-head- 
capacity curve of the fan. 

When the gases in the chimney are stationary, the draft created is 
termed the theoretical draft. When the gases are flowing, the theoretical 
intensity is diminished by the draft loss due to friction, the difference 
between the two being termed the total available draft 

If pressures at the bases of a column of air and a column of chimney gas, each’of 
height H feet; and do and dc represent the respective densities of the air and the gas in 
pounds per cubic foot, then the theoretical draft Dt in pounds per square foot is: 

Dt = doE - dzH 

Expressing the densities under standard conditions of pressure and temperature, and 
assuming that the absolute pressure of the gas is the same as that of the air, the theo- 
retical draft becomes: 

Dt = 16.36 HBo (~ - 

Expressed in inches of water this is: 

Dt = 2.96 HBo 
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The friction loss in the chimney may be determined from the Fanning equation: 

iRL 

Head lost in feet of fluid = — r~ X 

A 2g 

in which R is the inside perimeter of the cross-section in feet, A the cross-section area 
in square feet, and V the velocity of fluid in feet per second. 

Substituting for V its value in terms of W and the cross-section area, and expressing 
the loss of head in inches of water this becomes: 


For cylindrical stacks 


JiL = 0.01936 


and for a rectangular stack of sides x and y in feet, 

fc. 0.00597 


Substituting for dc its value: 


460 Bo Wc 
29.92 Tc 


gives for a cylindrical stack, 


Al = 0.00126 


TcfL 
Bo Wc 


and for a rectangular stack, 


hh - 0.000388 


m I^fL (x + y) 
xy^ Bo Wc 


The available draft then is, for a cylindrical stack: 

D. - 2.KHB, (t. - S) - 0^ 


00126TF»rc/i 

D^BoWc 


and for a rectangular stack: 

2?a = 2.96 FBo - m - 0-000388 . J»rc/X(.+y) 

\ i o Tc/ x^ Bo Wc 

where 

7?a ” available draft, inches of water. 

H = height of chimney above grate bars, feet. 

Bo — barometric pressure corresponding to altitude, inches of mercury. 

Wo = unit weight of a cubic foot of air at 0 F and sea level atmospheric pressure, 
pounds per cubic foot, 

Wc “ unit weight of a cubic foot of chimney gases at 0 F and sea level atmospheric 
pressure, pounds per cubic foot. 

To ~ absolute temperature of atmosphere, degrees Fahrenheit. 

Tc = absolute temperature of chimney gases, degrees Fahrenheit. 

W = weight of gases generated in the combustion chamber of the boiler and passing 
through the chimney, pounds per second. 

/ = coefficient of friction. 

L = length of friction duct of the chimney, feet. 

D = minimum diameter of chimney, feet. 

The first term of the right hand expression of Equation 1 represents 
the theoretical draft intensity, and the second term, the loss due to friction. 
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Example 1. Determine the available draft of a natural draft chimney 200 ft in height 
and 10 ft in diameter operating under the following conditions: atmospheric tempera- 
ture, 62 F ; chimney gas temperature, 500 F; sea level atmospheric pressure. Bo = 29.92 
in. of mercury; atmospheric and chimney gas density, 0.0863 and 0.09, respectively; 
coefficient of friction, 0.016; length of friction duct, 200 ft. The chimney discharges 
100 lb of gases per second. 


Substituting these values in Equation 1 and reducing: 


Z)a = 2.96 X 200 X 29.92 X 


0.09\ 0.00126 X 100‘ X 960 X 0.016 X 200 

960 y 10' X 29.92 X 0.09 


= 1.27 - 0.14 = 1.13 in. 


Fig. 4 shows the variation in the available draft of a typical 200 ft by 
10 ft chimney operating under the general conditions noted in Example 1. 
When the chimney is under static conditions and no gases are flowing, the 



Fig. 4. Typical Set of Operating Characteristics of a Natural Draft Chimney 

available draft is equal to 1.27 in. of water, the theoretical intensity. As 
the amount of gases flowing increases, the available intensity decreases 
until it becomes zero at a gas flow of 297 lb per second, at which point the 
draft loss due to friction is equal to the theoretical intensity. The draft- 
capacity curve corresponds to the head-capacity curve of centrifugal 
pump characteristics and the dynamic-head-capacity curve of a fan. The 
point of maximum draft and zero capacity is called shut-off draft, or point 
of impending delivery, and corresponds to the point of shut-off head of a 
centrifugal pump. The point of zero draft and maximum capacity is 
called the wide open point and corresponds to the wide open point of a 
centrifugal pump. A set of operating characteristics may be developed 
for any size chimney operating under any set of conditions by substituting 
the proper values in Equation 1 and then plotting the results in the 
manner shown in Fig. 4. 

In substituting the values for the various factors in Equation 1, care 
should be exercised that the selections be as near the actual conditions as 
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is practically possible. The following notes will serve as a guide for these 
selections: 


1. The harometric pressure, represented by Bq, is the actual pressure at the site of the 
chimney and not the pressure reduced to sea level datum. 

In general, the barometric pressure decreases approximately 0.1 in. of mercury per 100 
ft increase in elevation. 

2. The unit weight of a cubic foot of chimney gases at 0 F and sea level barometric 
pressure is given by the equation: 

Wc = 0.131 COs 4- 0.095 0^ + 0.083 (3) 


In this equation CO 2 , O 2 and N 2 represent the percentages of the parts by volume of the 
carbon dioxide, oxygen and nitrogen content, respectively, of the gas analysis. For 
ordinary operating conditions, the value of Wc may be assumed at 0.09. 

The density effect on the chimney gases due to superheated water vapor resulting 
from moisture and hydrogen in the fuel, or due to any air infiltrations in the chimney 
proper are disregarded. Though water vapor content is not disclosed by Orsat analysis, 
its presence tends to reduce the actual weight per cubic foot of chimney gases. 

3. The atmospheric temperature is the actual observed temperature of the outside air 
at the time the analysis of the operating chimney is made. The mean atmospheric 
temperature in the temperate zone is approximately 62 F. 


4. The chimney gas temperature decreases from the breeching connection to the top of 
the stack. This drop in temperature depends upon the material and construction of the 
stack,' its tightness or freedom from leaks, its area, its height, and the velocity of the 
gases through it. The same chimney will suffer different temperature losses depending 
upon the capacity under which it is working and the variable atmospheric conditions. 
No general equation covering all these variables has been suggested, but from observa- 
tions on chimneys varying in diameter from 3 to 16 ft and in height from 100 to 250 ft 
the following equation was deduced 2; 


iJb - 3 


(4) 


where 

Ti = absolute temperature at the center of the connection from the breeching, 
degrees Fahrenheit. 

Hh = the height of the stack above center line connection to breeching, feet. 


5. The coefficient of friction between the chimney gases and a sooted surface has been 
taken by many workers in this field as a constant value of 0.016 for the conditions in- 
volved. This value, of course, would be less for a new unlined steel stack than for a 
brick or brick-lined chimney, but in time the inside surface of all chimneys regardless of 
the materials of construction becomes covered with a layer of soot, and thus the coef- 
ficient of friction has been taken the same for all types of chimneys and in general 
constant for all conditions of operation. For reasons of simplicity and convenience to 
the reader, this constant value of 0.016 has been employed in the development of the 
various special equations and charts shown in this chapter. 

In important chimney design, especially when the construction or the materials are 
unusual, it is recommended that use be made of Reynolds number® in determining the 
friction factor, /. 

6. The length of the friction duct is the vertical distance between the bottom of the 
breeching opening and the top of the chimney. Ordinarily this distance is approximately 
equal to the height of the chimney above the grate level. 

7. Assuming no air infiltration the amount of gases flowing and being discharged is, 
of course, equal to the amount of gases generated in the combustion chamber of the 


*Notes on Power Plant Design, by E. F. Miller and James Holt (Massachusetis Institute of Technology, 
1930). 

*For more complete discussion see Flow of Fluids in Closed Conduits, by R. J. S. Pigott {Mechanical 
Engineering, August, 1933). 
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boiler. The total products of combustion in pounds per second for a grate-fired boiler 
may be computed from the equation: 


3600 


where 


Cg = pounds of fuel burned per square foot of grate surface per hour. 

G — total grate surface of boilers, square feet. 

Cg X G = total weight of fuel burned per hour. 

= total weight of products of combustion per pound of fuel. 

A similar computation may be made in the case of gas, oil, or stoker-fired fuel. 



■KsiHiBinBiliniSiiviH 





Available Draft per Ft of Height, in. of Water 
Fig. 5. Chimney Performance Chart® 

aTo solve a typical example: Proceed horizontally from a Weight Flow Rate point to intersection with 
diameter line; from this intersection follow vertically to chimney height line; from this intersection follow 
horizontally to the right to Available Draft scale. Starting from a point of Available Draft, take steps in 
reverse order. 

Fig. 5 is a typical chimney performance chart giving the available draft 
intensities for various amounts of gases flowing and sizes of chimney. 
This chart is based on an atmospheric temperature of 62 F, a chimney gas 
temperature of 600 F, a unit chimney gas weight of 0.09 lb per cubic foot, 
sea level atmospheric pressure, a coefficient of friction of 0.016, and a 
friction duct length equal to the height of the chimney above the grate 
level. These curves may be used for general operating conditions. For 
specific conditions, a new chart should be prepared from Equation 1. 

It has been the usual custom, and still is to a lamentably great extent, 
to select the required size of a natural draft chimney from a table of 
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chimney sizes based only on boiler horsepowers. After the ultimate 
horsepower of the projected plant had been determined, the chimney size 
in the table corresponding to this figure was then selected as the proper 
size required. Generally, no further attempt was made to determine if 
the height thus selected was sufficient to help create the required draft 
demanded by the entire installation, or the diameter sufficiently large to 
enable the chimney quickly, efficiently, and economically to dispose of the 
gases. Since the operating characteristics of a natural draft chimney are 
similar in all respects to those of a centrifugal pump, or a centrifugal fan, 
it is no more possible to select a proper size chimney from such a table, 
even with correction factors appended, than it is to select the proper size 
pump from tables based only on the amount of water to be delivered. 


DETERMINING CHIMNEY SIZES 

The required diameter and height of a natural draft cylindrical chimney 
are given by the following equations: 




as^fWcBoV* 

TcD 



H = required height of chimney above grate bar level, feet. 

D = required minimum diameter of chimney, feet (constant for entire height). 

V ~ chimney gas velocity, feet per second. 

Dr — total required draft demanded by the entire installation outside of the chimney, 
inches of water. 


Equations 6 and 7 give the required size of a natural draft chimney with 
all of the operating factors taken into consideration. Values for all of the 
factors with the exception of the chimney gas velocity may be either 
observed or computed. It is, of course, necessary to assume an arbitrary 
value for the velocity in order to arrive at some definite size. For any one 
set of operating conditions there will be as many sizes of chimney as there 
are values of reasonable velocities to assume. Of the number of sizes 
corresponding to the various assumed velocities, there is one size which 
will be least expensive. Since the cost of a chimney structure, regardless 
of the kind of material used in the construction, varies as the volume of 
material in the structure, the cost criterion then may be represented by 
the approximate equation: 

Q = i:tHD (8) 

where 

Q = volume of material, cubic feet. 
t = average wall thickness, feet. 
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For all practical purposes, the value of may be taken as a constant 
regardless of the size of the structure. Hence, in general, the volume, and 
consequently the cost, of a chimney structure may be based on the factor 
HD as a criterion. Therefore, the value of the chimney gas velocity which 
will result in the least value of HD for any one set of operating con- 
ditions will produce a structure which will be the most economical to use, 
because its cost will be least. 

Height of Chimney, ft 



Fig. 6. Economical Chimney Sizes^ 


aDiameter values also for gas temperatures of 400, 600 and 600 F 

The problem is to deduce an equation for the chimney gas velocity 
which will result in a combination of a height and a diameter whose 
product HD will be least. The solution is obtained by equating the pro- 
duct of Equations 6 and 7 to HD, differentiating this product with respect 
to V and equating the resulting expression to zero. This procedure 
results in the following expression : 



where Vt = economical chimney gas velocity, feet per second. 

Equation 9 gives the economical velocity of the chimney gases for 
any set of operating conditions, and represents the velocity which will 
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result in a chirnney the size of which will cost less than that of any other 
size as determined by any other velocity for the same operating con- 
ditions. After the value of the economical velocity has been determined, 
the corresponding height and diameter can then be determined from 
Equations 6 and 7, respectively, and the economical size will then be 
attained. Equations 6, 7 and 9 may be simplified considerably for 
average operating conditions in an average size steam plant by assuming 
typical conditions. 

Average chimney gas temperature, 500 F Tc = 960 

Mean atmospheric temperature, 62 F To = 522 

Average coefficient of friction, 0.016 ./ = 0.016 

Average chimney gas density, 0.09 Wc = 0.09 

Sea level elevation, with barometer of 29.92 Bq = 29.92 

Substituting these values in Equations 9, 7 and 6, respectively, and 
reducing, the results are substantially: 

Fe = 13.7TF^/^ 

D = (11) 

H = 190Dr (12) 

Fig. 6 gives the economical chimney sizes for various amounts of gases 
flowing and for required draft intensities as computed from Equations 10, 
11 and 12. They are based on the operating factors used in reducing 
Equations 6, 7 and 9 to their simpler form. The sizes shown by the 
curves in the chart should be used for general operating conditions only, 
or for installations where the required data necessary for an exact deter- 
mination are difficult or impossible to secure. Whenever it is possible to 
secure accurate data, or the anticipated operating conditions are fairly 
well known, the required size should be determined from Equations 6, 
7 and 9. The recommended minimum inside dimensions and heights of 
chimneys for small and medium size installations are given in Table 1. 

GENERAL EQUATION 

The general draft equation for a steam producing plant may be stated 
as follows: 

Z?t — = /eF + + hBd + + hBr hv + ho + hE + hR (13) 

where 

Dt — theoretical draft intensity created by pressure transformer, inches of water. 
hi = draft loss due to friction in pressure transformer, inches of water. 
hE = draft loss through the fuel bed, inches of water. 

= draft loss through the boiler and setting, inches of water. 
hBt = draft loss through the breeching, inches of water. 
hv = draft loss due to velocity, inches of water. 

/tBd = draft loss due to bends, inches of water. 
he = draft loss due to contraction of opening, inches of water. 
ho = draft loss due to enlargement of opening, inches of water. 
hE = draft loss through the economizer, inches of water. 

== draft loss through recuperators, regenerators, or air heaters, inches of water. 
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The left hand member of Equation 13 represents the total amount of 
available draft created by the pressure transformer, that is, the natural 
draft chimney, Venturi chimney, or fan, and is equal to the theoretical 
intensity less the internal losses incidental to operation. The right hand 
member represents the sum of all of the various losses of draft throughout 
the entire boiler plant installation outside of the pressure transformer 
itself. The left hand member expresses the available intensity and is 
analogous to the head developed by a centrifugal pump in a water works 
system, while the right hand member expresses the required draft in- 


Table 1. Recommended Minimum Chimney Sizes for 
Heating Boilers and Furnaces^ 


Warm Ant 
Furnacb 
Capacitt 
IN Sq In. 
or Leader 
Pipe 

Steam 
Boiler 
Capacity 
Sq Ft 
or Radi- 
ation 

Hot 

, Water 
Heater 
Capacity 
Sq ISp 
or Radi- 
ation 

Nominal 
Dimen- 
sions or 
Fire Clay 
Lining 

IN Inches 

Rectangular Flub 

Round Flub 

Height 
in Ft 
Above 
Grate 

Actual 
Inside 
DimensionB 
of F^ Clay 

Lining 

in Indies 

Actual 

Area 

Sq In. 

Inside 
Diam- 
eter of 
Lining 
in 

Inches 

Actual 

Area 

Sq In 

790 

590 

973 

8^x13 

7 xll3^ 

81 



35 

1000 


1,140 





79 




1,490 

13x13 

llMxllJi 

127 






1,490 

sHxis 

X 16H 

no 





1,100 

1,820 




12 

113 

40 



mMmm 

13x18 

niixWA 

183 





1,940 





15 

177 



2,130 

3,520 

18x18 1 

is^xisH 

248 





2,480 

4,090 

20x20 

nHxi7H 

298 



45 


3,150 





18 

254 

50 



7,100 




20 

314 



4,600 

7,590 

20x24 

17x21 

357 





5,000 

8,250 

24x24 

21x21 

441 



55 


5,570 

9,190 


24 X 24b 

576 



60 


5,580 





22 

380 



6,980 





24 

452 

65 


7,270 



24 X 28b 

672 





8,700 

14,400 


28 X 28b 

784 





9,380 

15,500 




27 

573 



10,150 

TiTiaMl 


30 X 30b 

900 





10,470 

17,250 


28 X 32b 

896 





aThis table is taken from the A.S.H.V.E. Code of Minimum Requirements for the Heating and Venti- 
lation of Buildings (Edition of 1929). 

bDimensions are for unlined rectangular flues. 


tensity and is analogous to the total dynamic head in a water works 
system. For a general circulation of gases 


where 


Dsi, — Dt 


(14> 


Z)a = available draft intensity, inches of water. 

Dt ~ required draft, inches of water. 

The draft loss through the fuel bed or the amount of draft required to 

effect a given or required rate of combustion, varies between wide limits 
and represents the greater portion of the required draft. In coal-fired 
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installations, the draft loss through the fuel bed is dependent upon the 
following factors: (1) character and condition of the fuel, clean or dirty; 
(2) percentage of ash in the fuel; (3) volume of interstices in the fuel bed, 
coarseness of fuel; (4) thickness of the fuel bed, rate of combustion; 
(5) type of grate or stoker used; (6) efficiency of combustion. 

There is a certain intensity of draft with which the best results will be 
obtained for every kind of coal and rate of combustion. Fig. 7 gives the 
intensity of draft, or the vacuum in the combustion chamber required to 
burn various kinds of coal at various rates of combustion. Expressed in 
other words, these curves represent the amount of draft required to force 
the necessary amount of air through the fuel bed in order to effect various 
rates of combustion. It will be noted that the amount of draft increases 
as the percentage of volatile matter diminishes, being comparatively low 



POUNDS OF COAL BURNED PER SQ FT OF GRATE SURFACE PER HOUR 

Fig. 7. Draft Required at Different Rates of Combustion 
FOR Various Kinds of Coal 

for the lower grades of bituminous coals and highest for the high grades 
and small sizes of anthracites. Also, when the interstices of the coal are 
large and the particles are not well broken up, as with bituminous coals, 
much less draft is required than when the particles are small and are well 
broken up, as with bituminous slack and the small sizes of anthracites. In 
general, the draft loss through the fuel bed increases as: (1) the per- 
centage of volatile matter diminishes; (2) the percentage of fixed carbon 
increases; (3) the thickness of the bed increases; (4) the percentage of ash 
increases ; (5) the volume of the interstices diminishes. 

In making the preliminary assumptions for the draft loss through the 
fuel bed, due allowances should be made for a possible future change in 
the grade of fuel to be burned and also in the rate of combustion. A value 
should be selected for this loss which will represent not only the highest 
rate of combustion which will be encountered, but also the grade of coal 
which has the greatest resistance through the fuel bed and which may be 
burned at a later date. 
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In powdered-fuel and oil-fired installations, there will be no draft loss 
through the fuel bed since there is none and, consequently, this factor 
becomes zero in the general draft equation. All other factors being 
constant, the height of the chimney in installations of this character will 
be less than the height in coal-fired installations, and in the case of me- 
chanical draft installations the driving units need not be as large since the 
head against which the fan is to operate is not as great in the former as 
in the latter. 

The draft loss through the boiler and setting {h^ also varies between wide 
limits and, in general, depends upon the following factors: (1) type of 
boiler, (2) size of boiler, (3) rate of operation, (4) arrangement of tubes, 
(5) arrangement of baffles, (6) type of grate, (7) design of brickwork 
setting, (8) excess air admitted, and (9) location of entrance into breeching. 

Curves showing the draft loss through the boiler are usually based on 
the load or quantity of gases passing through the boiler, expressed in 
terms of percentage of normal rate of operation. Owing to the great 
variety of boilers of different designs and the various schemes of baffling, 
it is impossible to group together a set of curves for the draft loss through 
the boiler which may even be used generally. It is therefore necessary to 
secure this information from the manufacturer of the particular type of 
boiler and baffle arrangement under consideration. 

When a boiler is installed and in operation, the draft loss depends upon 
the amount of gases flowing through it. This, in turn, depends upon the 
proportion of excess air admitted for combustion. Primarily, the amount 
of excess air is measured by the CO 2 content; the less the amount of CO 2 , 
the greater the amount of excess air and hence the greater the draft loss. 

The loss of draft through the boiler will vary directly as the size of the 
boiler and the length of the gas passages within. The loss also varies as 
the number of tubes high, but not in a direct ratio inasmuch as the loss 
due to the reversal of flow at the ends of the baffles remains constant 
regardless of the height of the boiler. The arrangement of the tubes, 
whether the gases flow parallel to or at right angles to the tubes, has an 
appreciable effect on the loss. The arrangement of the baffles influences 
the draft loss greatly, the loss through a boiler with five passes being 
greater than the loss through one of three or four passes. A poor design 
and a rough condition of the brickwork will increase the loss greatly, 
whereas a proper design and a smooth condition will keep the loss at a 
minimum. The loss through the boiler will be less when the breeching 
entrance is located at or near the top of the boiler than when it is located 
at or near the bottom since the gases have a shorter distance to travel 
in the former instance. 

The draft loss through the breeching (Asr) may be found by applying the 
last term on the right, with the sign changed, of Equation 1 or 2 depending 
upon whether the breeching is cylindrical or rectangular and observing 
the following changes in the symbols: 

Tc = absolute temperature of breeching gases, degrees Fahrenheit. 

/ = coefficient of friction for the breeching. 

L = length of breeching, feet. 

D — diameter of cylindrical breeching, feet. 

X and y — sides of breeching, if rectangular, feet. 
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It has been the general custom to lump off the intensity of the breeching 
loss at 0.10 in. of water per 100 ft of breeching length regardless of its size 
or shape or the amount and temperature of the gases flowing through it. 
This practice is hazardous and has no more foundation in fact than that of 
determining the friction head in a water works system without taking 
into consideration the size of the pipe or the amount of water flowing 
through it. When the length of the breeching is relatively short, any 
variation in any one of the factors in the equation will have no appreciable 
effect on the draft loss. However, when the breeching is relatively long, 
the draft loss is affected greatly by the various factors, particularly by the 
size and shape as well as by the weight of gases flowing. 

The draft loss due to velocity {hf) is given by the equation 

, 0.000194 

where 

A = cross-section area at the top of the stack, square feet. 

The draft loss due to bends in the breeching is dependent upon the 
center line radius of curvature of the bends and the form of the cross- 
section. This loss is expressed in terms of the velocity head. (See Fig. 4, 
Chapter 32.) 

The draft loss due to sudden contraction of an area (he) is given by the 
equation: 

0.0001942S:cT^*rc 

~ 

where 

Kc = coefficient of sudden contraction based on - 7 ^, the ratio of the areas of the 

smaller to the larger section = 0.5 ^ 1 — ^ 

Ai = area of the smaller section. 

When the flue or passage through which the gases flow is suddenly 
contracted, a considerable portion of the static head in the larger section 
is converted into velocity head and a draft loss of some consequence, par- 
ticularly in a short breeching, takes place. A sudden contraction should 
always be avoided where possible. At times, however, due to obstruc- 
tions or limited head-room, it is necessary to alter the size of the breeching, 
but a sudden contraction may be avoided by gradually decreasing the 
area over a length of several feet. 

The draft loss due to a sudden enlargement of an area (ho) is given by the 
equation : 

o.oooi94i5:oTy*rc 

to - aX— - <*'> 


Ko — coefficient of sudden enlargement based on the ratio of the areas of the 


/ As \2 

smaller to the larger section « ( 1 — ] 


When the flue or passage through which the gases flow is suddenly 
enlarged, a portion of the velocity head is converted into static head in the 
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larger section and, like the loss due to sudden contraction, a loss of some 
consequence, particularly in short breechings, takes place. A sudden 
enlargement in a breeching may be avoided by gradually increasing the 
area over a length of several feet. In large masonry chimneys, the area of 
the flue at the region of the breeching entrance is considerably larger 
than the area of the breeching at the chimney, and a sudden enlargement 
exists. 


The draft loss through the economizer (Ae) should be obtained from the 
manufacturer but for general purposes it may be computed from the 
following general equation: 


}vz 


e.ew^NTc 

Id^ 


(18) 


where 


= pounds of gases flowing per hour per linear foot of pipe in each economizer 
section. 

N = number of economizer sections. 


An economizer in a steam plant affects the draft in two ways, (1) it 
offers a resistance to the flow of gases, and (2) it lowers the average 
chimney gas temperature, thereby decreasing the available intensity. In 
the case of a natural draft installation, both of these factors result in a 
relative increase in the height of the chimney and, in the case of a large 
plant, they may add as much as 20 or 30 ft to the height. The decrease 
in the temperature of the gases after they have passed through the 
economizer has an extremely important effect on the performance of a 
natural draft chimney and also upon -the performance of a fan. 


GENERAL CONSIDERATIONS FOR DOMESTIC CHIMNEYS 

The draft of domestic chimneys may be subject to a variety of influences 
not usually encountered in power chimneys, such as buildings in the 
immediate vicinity which may be higher than the chimney, trees, and 
even hills as well as the shape of the roof of the building which the 
chimney serves. 

Horizontal winds have an aspirating effect as they pass across the 
chimney and are an aid to draft providing they remain horizontal at the 
chimney top. However, surrounding objects, such as trees or other 
buildings, may greatly affect the direction of the wind at the chimney 
top and may even direct it down the chimney, tending to reduce the 
draft or even to cause it to be negative. Although the chimney should, 
in general, extend well above the highest part of the roof, it is impractic- 
able to carry it much beyond this point. 

It is also important to consider the source of the air supply for proper 
combustion. Usually the boiler or furnace is located in the basement or 
cellar and perhaps, as a general thing, when the furnace room has windows 
or doors opening to the outside on two or more sides of the house, the 
leakage of air around the windows and doors will be sufficient for com- 
bustion, even though the windows and doors may be shut. However, if 
the leakage is not sufficient to prevent an appreciable drop of pressure in 
the furnace room below that of the air outside, the chimney draft will be 
reduced by the difference between the atmospheric pressure outside and 
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that inside the boiler room. In case the boiler room is fairly tight against 
leaks, as is desirable from the standpoint of dust, and is open to the 
outside on only one side of the house, then the draft will be affected in 
windy weather even with windows or doors open. If the wind is blowing 
toward the boiler room the draft will be increased, but if blowing in the 
opposite direction the draft may be seriously decreased. 

It is not to be assumed that increasing the cross-section area of a 
chimney will always effect a cure for poor draft. The opposite result may 
be experienced because of the cooling effect of the larger area. This 
reduces the theoretical draft and the velocity of the gases, and affords a 
greater opportunity for punter currents in the chimney. The only 
practical remedy for a chimney with bad draft, when the chimney is of 
the proper size and is affected by conditions beyond the control of the 
owner, is to resort to mechanical draft. This can usually be done at 
small expense if operated only when necessary. 


CHIMNEYS FOR GAS HEATING 

The burning of gas differs from the burning of coal in that the force 
which supplies the air for combustion of the gas comes largely from the 
pressure of the gas in the supply pipe, whereas air is supplied to a bed of 
burning coal by the force of the chimney draft. If, with a coal-burning 
boiler, the draft is poor, or if the chimney is stopped, the fire is smothered 
and the combustion rate reduced. In a gas boiler or furnace such a 
condition would interfere with the combustion of the gas, but the gas 
would continue to pass to the burners and the resulting incomplete com- 
bustion would produce a dangerous condition. In order to prevent incom- 
plete combustion from insufficient draft, all gas-fired boilers and furnaces 
should have a back-draft diverter in the flue connection to the chimney. 

A study of a typical back-draft diverter shows that partial or complete 
chimney stoppage will merely cause some of the products of combustion 
to be vented out into the boiler room, but will not interfere with com- 
bustion. In fact, gas-designed appliances must perform safely under such 
a condition to be approved by the American Gas Association Laboratory. 
Other functions of the back-draft diverter are to protect the burner and 
pilot from the effects of down-drafts, and to neutralize the effects of 
variable chimney drafts, thus maintaining the appliance efficiency at a 
substantially constant value. 

As is the case with the complete combustion of almost all fuels, the 
Table 2. Minimum Round Chimney Diameters for Gas Appliances (Inches) 


Hbight op 


Gas Consumption in Thousands op Btu per Hour 


Chimnet 

Feet 

100 

200 

300 

400 

500 

750 

1000 

1500 

2000 

20 

4.50 

5.70 

6.60 

7.30 

8.00 

9.40 

10.50 

12.35 

13.85 

40 

4.25 

5.50 

6.40 

7.10 

7.80 

9.15 

10.25 

12.10 

13.55 

60 

4.10 

5.35 

6.20 

6.90 

7.60 

8.90 

10.00 

11.85 

13.25 

80 

4.00 

5.20 

6.00 

6.70 

7.35 

8.65 

9.75 

11.50 

12.85 

100 

3.90 

5.00 

5.90 

6.50 

7.20 

8.40 

9,40 

11.00 

12.40 
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products of combustion for gas are carbon dioxide {CO 2 ) and water vapor 
with just a trace of sulphur trioxide (SOs)* Sulphur usually burns to the 
trioxide in the presence of an iron oxide catalyst. The volume of water 
vapor in the flue products is about twice the volume of the carbon dioxide 
when coke oven or natural gas is burned. Because of the large quantity 
of water vapor which is formed by the burning of gas, it is quite important 
that all gas-fired central heating plants be connected to a chimney having 
a good draft. Lack of chimney draft causes stagnation of the products of 
combustion in the chimney and results in the condensation of a large 
amount of the water vapor. A good chimney draft draws air through the 
openings in the back-draft diverter, lowers the dew-point of the mixture, 
and reduces the tendency of the water vapor to condense. 

The flue connections from a gas-fired boiler or furnace should be of a 
non-corrosive material. The material used for the flue connection should 
not only be resistant to the corrosion of water but should resist the cor- 
rosion of dilute solutions of sulphur trioxide. Local practice should be 
followed in the selection of the most appropriate flue materials. 

When condensation in a chimney proves troublesome, it may be 
necessary to provide a drain to a dry well or sewer. The cause of the 
excessive condensation should be investigated and remedied if possible. 
The protection of unlined chimneys has been investigated and the results 
indicate that after the loose material has been removed, the spraying with 
a water emulsion of asphalt-chromate provides an excellent protection. 

^ A chimney for a gas-fired boiler or furnace should be constructed 
similarly to the principles applicable to other boilers. Table 2 gives the 
minimum cross-sectional diameters of round chimneys (in inches) for 
various amounts of heat supplied to the appliance, and for various 
chimney heights. This is in accordance with American Gas Association 
recommendations . 


CONSTRUCTION DETAILS 

For general data on the construction of chimneys reference should be 
made to the Standard Ordinance for Chimney Construction of the 
National Board of Fire Underwriters, Briefly summarized, these provisions 
are as follows for heating boilers and furnaces: 

The walls of brick chimneys shall be not less than 3% in. thick (width of a standard 
size brick) and shall be lined with fire-clay flue lining meeting the standard specification 
of the Eastern Clay Products Association, The flue sections shall be set in special mortar, 
and shall have the joints struck smooth on the inside. The masonry shall be built around 
each section of lining as it is placed, and all spaces between masonry and linings shall be 
completely filled with mortar. No broken flue lining shall be used. Flue lining shall 
start at least 4 in. below the bottom of smoke-pipe intakes of flues, and shall be continued 
the entire heights of the flues and project at least 4 in, above the chimney top to allow 
for a 2 in. projection of lining. 

Flue lining may be omitted in brick chimneys, provided the walls of the chimneys 
are not less than 8 in. thick, and that the inner course shall be a refractory clay brick. 
All brickwork shall be laid in spread mortar, with all joints push-filled. Exposed joints 
both inside and outside shall be struck smooth. No plaster lining shall be permitted. 

Chimneys shall extend at least 3 ft above flat roofs and 2 ft above the ridges of, peak 
roofs when such flat roofs or peaks are within 30 ft of the chimney. The chimney 
shall be high enough so that the wind from any direction shall not strike the top of the 
chimney from an angle above the horizontal. The chimney shall be properly capped, 
but no such cap or coping shall decrease the flue area. 
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Chapter 10 


AUTOMATIC FUEL BURNING 
EQUIPMENT 

Classification of Stokers^ Combustion Process and Adjust-^ 
mentSy Furnace Design^ Classification of Oil Burners^ Combus^ 
tion Chamber Design^ Classification of Gas^Fired Appliances 


A utomatic mechanical equipment for the combustion of solid, 
liquid and gaseous fuels is considered in this chapter. 

MECHANICAL STOKERS 

A mechanical stoker is a device that feeds a solid fuel into a combustion 
chamber, provides a supply of air for burning the fuel under automatic 
control and, in some cases, incorporates a means of removing the ash and 
refuse of combustion automatically. Coal can be burned more efficiently 
by a mechanical stoker than by hand firing because the stoker provides a 
uniform rate of fuel feed, better distribution in the fuel bed and positive 
control of the air supplied for combustion. 

Stokers may be divided into four types according to their construction, 
namely, (1) overfeed flat grate, (2) overfeed inclined grate, (3) underfeed 
side cleaning type, and (4) underfeed rear cleaning type. 

Overfeed Flat Grate Stokers 

This type is represented by the various chain- or traveling-grate stokers. 
These stokers receive fuel at the front of the grate in a layer of uniform 
thickness and move it back horizontally to the rear of the furnace. Air is 
supplied under the moving grate to carry on combustion at a sufficient 
rate to complete the burning of the coal near the rear of the furnace. 
The ash is carried over the back end of the stoker into an ashpit beneath. 
This type of stoker is suitable for small sizes of anthracite or coke breeze 
and also for bituminous coals, the characteristics of which make it 
desirable to burn the fuel without disturbing it. This ^e of stoker 
requires an arch over the front of the stoker to maintain i^ition of the 
incoming fuel. Frequently, a rear combustion arch is required to main- 
tain ignition until the fuel is fully consumed. A typical traveling-grate 
stoker is illustrated in Fig. 1. 

Another and distinct type of overfeed flat-grate stoker is the spreader 
(Figs. 2 and 3) or sprinkler type in which coal is distributed either by 

197 



HEATING VENTILATING AIR CONDITIONING GUIDE 1942 




CHAPTER 10. AUTOMATIC FUEL BURNING EQUIPMENT 


rotating paddles or by air over the entire grate surface. This type of 
stoker has a wide application on small sized fuels and on fuels such as 
lignites, high-ash coals, and coke breeze. 

Overfeed Inclined Grate Stokers 

In general the combustion principle is similar to the flat-grate stoker, 
but this stoker is provided with rocking grates set on an incline to advance 
the fuel during combustion. Also this type is provided with an ash plate 
where ash is accumulated and from which it is dumped periodically. This 
type of stoker is suitable for all types of coking fuels but preferably for 
those of low volatile content. Its grate action has the tendency to keep 
the fuel bed well broken up thereby allowing for free passage of air. 
Because of its agitating effect on the fuel it is not so desirable for badly 
clinkering coals. Furthermore, it should usually be provided with a front 
arch to care for the volatile gases. 



Underfeed Side Cleaning Stokers 

In this type (Fig, 4), the fuel is introduced at the front of the furnace to 
one or more retorts, and is advanced away from the retort as combustion 
progresses, while finally the ash is disposed of at the sides. This type of 
stoker is suitable for all bituminous coals while in the smaller sizes it is 
suitable for small sizes of anthracite. In this type of stoker the fuel is 
delivered to a retort beneath the fire and is raised into the fire. During 
this process the volatile gases are released, are mixed with air, and pass 
through the fire where they are burned. The ash may be continuously 
discharged as in the small stoker or may be accumulated and periodically 
discharged. This stoker requires no arch as it automatically provides 
for the combustion of the volatile gases. 

Underfeed Rear Cleaning Stokers 

This type of stoker accomplishes combustion in much the same manner 
as the side cleaning type, but consists of several retorts placed side by side 
and filling up the furnace width, while the ash disposal is at the rear. In 
principle, its operation is the same as the side cleaning underfeed type 
of stoker. 
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CLASSIFICATION OF STOKERS ACCORDING TO CAPACITY 

Stokers may be classified according to their capacity or coal feeding 
rates. The following classification has been made by the C/. 5. Department 
of Commerce, in cooperation with the Stoker Manufacturers Association, 

Class 1. Capacity under 61 lb of coal per hour. 

Class 2. Capacity 61 to 100 lb of coal per hour. 

Class 3. Capacity 101 to 300 lb of coal per hour. 

Class 4. Capacity 300 to 1200 lb of coal per hour. 

Class 5. Capacity 1200 lb of coal per hour and over. 

Class 1 Stokers 

These stokers are used primarily for home heating and are, therefore, 
designed for quiet, automatic operation. Simple, trouble-free construc- 




Fig. 6. Underfeed Stoker, Bin Feed Type, Class 1 


tion and attractive appearance are very desirable characteristics of these 
small units. Equipment of this capacity is also used extensively for 
commercial and industrial applications requiring the burning of small 
quantities of fuel under automatic control. 

A common type of stoker in this class (Fig. 5) consists essentially of a 
coal reservoir or hopper, a screw for conveying the coal from the reservoir 
to the burner head or retort, a fan which supplies the air for combustion, 
a transmission for driving the coal feed worm, and an electric motor or 
motors for supplying the motive power for both coal feed and air supply. 

Air for combustion is admitted to the fuel through tuyeres at the top 
of the retort and in this class, the tuyeres and retort are usually round, 
although they may be either round or rectangular. Stokers in this class 
are made for burning anthracite, bituminous, semi-bituminous, and lignite 
coals and coke. The Z7. 5. Department of Commerce has issued commercial 
standards for household anthracite stokers^ 

iHousehold Anthracite Stoker Standards {U. S. Department of Commerce, National Bureau of Standards, 
Commercial Standard No. CS48-40). 
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Units are available in either the hopper type, as shown in Fig. 5, or in 
the type as shown in Figs. 6 and 7, which feeds the coal directly to the 
furnace from the coal bin. Some stokers, particularly those designed for 
use with anthracite coal, have equipment for automatically removing the 
ash from the ash pit and depositing it in an ash receptacle outside of the 
furnace, as shown in Fig. 7. Most of the bituminous models, however, 
operate on the principle of removing the ash from the fuel bed after it is 
fused into a clinker at the outer periphery of the tuyere. 

Most of the stokers in this class feed coal to the furnace intermittently 
in accordance with temperature or pressure demands. A small amount 
of heat is also released from the fuel bed during the inoperative period of 
the stoker. Through the use of automatic controls (see Chapter 34), it 
is possible to maintain temperatures or pressures within very close limits 
when using stoker firing equipment. 



Fig. 7. Underfeed Anthracite Stoker with Automatic Ash Removal, Bin Type 

Stoker- Fired Boiler and Furnace Units 

Boilers, air conditioners, and space heaters especially designed for 
stokers are now available having certain design features closely coordi- 
nating the heat absorber and the stoker. Although very efficient and 
satisfactory performance can be obtained from the application of auto- 
matic stokers to existing boilers and furnaces, some of the combination 
stoker-fired units (Fig. 8) are more compact and attractive in appearance 
in addition to other design features. 

Class 2 and 3 Stokers 

Stokers in this class are usually of the screw feed type without auxiliary 
plungers or other means of distributing the coal. They are used exten- 
sively for heating plants in apartments and hotels, also, for industrial 
plants, such as laundries, bakeries, and creameries. 

They are primarily of the underfeed type and are available in both the 
hopper type, as illustrated in Fig. 9, and also, the bin feed type, which 
delivers the coal directly to the furnace from the coal bin, as illustrated 
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in Fig. 10. These units are also built in a plunger feed type and the drive 
for the coal feed may be an electric motor or a steam or hydraulic cylinder. 

Stokers in this class are available for burning all types of anthracite, 
bituminous and lignite coals. The tuyere and retort design varies widely 
according to the fuel and load conditions. On the bituminous models, the 
grates are normally of the stationary type and the ash accumulates on the 
grates surrounding the retort. With the average bituminous coal, the 
ash then fuses into a clinker which is removed periodically. 

The anthracite stokers in this class are normally equipped with moving 
grates which discharge the ash into a pit below the grate. This ash pit 
may be located on one or both sides of the grate and on some installations 
is made of sufficient capacity to hold the ash from several days or weeks 
operation. 

Class 4 Stokers 

Stokers in this group vary widely in details of mechanical design and 
the several methods of feeding coal previously described are employed. 



Fig. 8. Stoker-Fired Winter Air Conditioning Unit 


The underfeed stoker is the most widely used, although a number of the 
overfeed types are also used in the larger sizes of this class. Bin feed, as 
well as hopper models, are available in both the underfeed and over- 
feed types. 

Class 5 Stokers 

The prevalent stokers in this field are: (a) overfeed flat grate, (b) 
overfeed inclined grate, (c) underfeed side cleaning, and (d) underfeed 
rear cleaning. 

The rear cleaning underfeed stoker is usually of the multiple retort 
design and is used in some of the largest industrial plants and central 
power stations. In some instances, zoned air control has been applied on 
these stokers, both longitudinally and transversely of the grate surface. 

Underfeed side cleaning stokers are made in sizes up to approximately 
500 boiler horsepower. They are not so varied in design as those in the 
smaller classes, although the principle of operation is much the same. 
The overfeed spreader type stoker (Figs. 2 and 3) is adaptable to a wide 
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variety of coals and is being extensively used in capacities up to 1000 
boiler horsepower. 

Combustion Process 

Due to the marked differences in design and operating characteristics 
of stokers and the widely different characteristics of stoker coals, it is 
difficult to generalize on the subject of combustion in automatic stokers. 

In anthracite stokers of the small Class 1 overfeed type, burning takes 
place entirely within the stoker retort and tuyere. The ash and refuse of 
combustion spills over the edge of the tuyere into an ashpit or receptacle 
from which it may be removed either manually or automatically (Fig. 8). 



Fig. 9. Underfeed Screw Stoker, Hopper Type, Class 2, 3 or 4 


r 



Fig. 10. Underfeed Screw Stoker, Bin Type, Class 2, 3 or 4 


The larger underfeed anthracite stokers operate on the same principle 
except that the retort is rectangular and the refuse spills over only one 
or two sides of the grate. Anthracite for stoker firing is usually supplied 
in the No. 1 buckwheat or No. 2 buckwheat size. 

Since the majority of the smaller bituminous coal stokers operate on 
the underfeed principle, a general description of their operation will be 
given. When the coal is fed from the hopper or bin into the retort, it 
moves upward toward the zone of combustion and is heated by con- 
duction and radiation from the burning fuel in tie combustion zone. As 
the temperature of the coal rises, it gives off moisture and occluded gases, 
which are largely non-combustible. When the temperature increases to 
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around 700 or 800 F the coal particles become plastic, the degree of 
plasticity varying with the type of coal. 

A rapid evolution of the combustible volatile matter occurs during and 
directly after the plastic stage of the coal. The distillation of volatile 
matter continues above the plastic zone where the coal is coked. The 
strength and porosity of the coke formed will vary according to the size 
and characteristics of the coal used. While some of the ash fuses into 
particles in the surface of the coke as it is released, most of it remains 
on the hearth or grates and as this ash layer becomes thicker with time, 
that portion exposed to the higher temperatures surrounding the retort 
normally fuses into a clinker. The temperature attained in the fuel bed, 
the chemical composition and homogeneity of the ash, and the time of 
heating are factors which govern the degree of fusion. 

Most bituminous coal stokers of Classes 1, 2 and 3 operate on the 
principle of the removal of the ash in this clinker form. Clinker tongs 
are provided to facilitate removal of the clinker on the smaller models. 

There are a number of factors which materially affect the burning 
rate and the combustion results obtained with automatic stokers, the 
most important of these being the type and design of stoker, the character- 
istics of the fuel, and the manner in which the stoker is installed and 
operated. 

Furnace Design 

Due to the wide differences in stoker, boiler and furnace design, and 
fuel burning characteristics, it has not been found practical to establish 
fixed rules for the proportioning of furnaces for automatic coal stokers. 
It is, therefore, essential that an experienced stoker installer give careful 
consideration to these factors when applying the equipment. 

The Stoker Manufacturers Avigciation has published standard recom- 
mendations on setting heights^'iur stokers having capacities up to 1200 lb 
of coal per hour.^ 

The empirical formula for determining these setting heights are: 

For burning rates up to 100 lb coal per hour. 

H = 0.11255 -h 15.75 (1) 

For burning rates from 100 to 1200 lb coal per hour. 

H = 0.03 5+24 (2) 

where 

H — minimum setting height, inches. 

5 = burning rate coal per hour, pounds. 

In considering these recommendations, it should be clearly understood 
that they show merely the average recommended minimum. There are 
many factors affecting the proper application of stokers to various types 
of boilers and furnaces and in many instances greater or less setting 
heights may give far better performance than the average values that are 
shown. They cannot, therefore, be used as arbitrary values in specifying 
stoker settings, and may be varied considerably by the installer based on 


^Minimum Setting Heights. Copies of this standard may be obtained from the Stoker Manufacturers 
Association, 307 North Michigan Ave., Chicago, 111. 
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experience with a particular stoker equipment, the type of coal that is 
to be used, and the construction of the boiler or furnace. 

Combustion Adjustments 

The coal feeding rate and air supply to the stoker should be regulated 
so as to maintain as nearly as possible an ideal balance between the load 
demand and the heat liberated by the fuel. Under such conditions no 
manual attention to the fuel bed should be required, other than the 
removal of clinker in stokers which operate on this principle of ash 
removal. 

As in all combustion processes, the problem of maintaining the correct 
proportions of air and fuel is of utmost importance. It is desirable to 
supply a niinimum amount of air required to properly burn the fuel at 
the rate it is being fed to the furnace. 

While there may be only slight variations in the specified rate at which 
the coal is being fed to the furnace, due to variations in the size or density 
of the coal being used, there may be wide variations in the rate of air 
supplied as the result of changes in fuel bed resistance. These changes in 
resistance may be caused by changes in the porosity of the fuel bed due 
to variations in size or friability of the coal, ash and clinker accumulation, 
and variations in depth of the fuel bed. Because of this variable fuel bed 
resistance, many of the bituminous stokers, even in the smaller domestic 
sizes, incorporate air controls which automatically compensate for these 
changes in resistance and maintain a constant air fuel ratio. 

It is also desirable on most stoker installations to provide automatic 
draft regulation in order to reduce air infiltration and provide better 
control during the banking or off periods of the stoker. The efficiency of 
combustion may be determined by analyzing with an Orsat apparatus the 
gases formed by the combustion process. With this equipment the per- 
centage by volume of carbon dioxide (CO 2 ), oxygen (O 2 ), and carbon 
monoxide (CO) in the flue gases may be obtained. The percentage of 
CO 2 indicates the amount of excess air supplied. The presence of CO 
indicates a loss due to incomplete combustion, as the result of a deficiency 
of air or the improper mixing of air in the gases of combustion. 

Sizing Stokers and Stoker Ratings 

The capacity or rating of small underfeed stokers is usually stated as 
the burning rate in pounds of coal per hour. The Stoker Manufacturers 
Association has adopted a uniform method of rating stokers which is 
published in convenient tables and charts for selecting the size of stoker 
required.® The required capacity of the stoker may be calculated as 
follows: 

Load (Btu per hour) Stoker burning rate 

= required (pounds of 

Heating value of coal (Btu per pound) X overall efficiency of coal per hour) 
stoker and boiler or furnace 

In determining the total load placed on a stoker-fired boiler by a steam 
or hot water heating system, a piping and pick-up factor of 1.33 is com- 


»Uniform Stoker Rating Code. Copies of this standard may be obtained from the Stoker Manufacturers 
Association, 307 North Michigan Ave., Chicago, 111. 
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monly used in sizing the stoker, but this factor may be increased at times 
due to unusual conditions. 

Controls 

The heat delivery from the stoker of the smallest household type to the 
largest industrial unit can be accurately regulated with fully automatic 
controls. The smaller heating applications are normally controlled by a 
thermostat placed in the building to be heated. Limit controls are 
supplied to prevent excessive temperature or pressure being developed in 
the furnace or boiler and refueling controls are used to maintain ignition 
during periods of low heat demand. Automatic low water cut-outs are 
recommended for use with all automatically fired steam boilers. (See 
Chapter 34.) 

DOMESTIC OIL BURNERS 

An oil burner is a mechanical device for producing heat automatically 
and safely from liquid fuels. This heat is produced in the furnace or fire- 
pot of hot water or steam boilers or warm air furnaces and is absorbed by 
the boiler, and thus made available for distribution to the house through 
the heating system. 

The number of combinations of the characteristic elements of domestic 
oil burners is rather large and accounts for the variety of burners found in 
actual practice. Domestic oil burners may be classified as follows: 

1. AIR SUPPLY FOR COMBUSTION 

a. Atmospheric — ^by natural chimney draft. 

h. Mechanical — electric-motor-driven fan or blower. 

c. Combination of (a) and (&)— primary air supply by fan or blower and secondary 

air supply by natural chimney draft. 

2. METHOD OF OIL PREPARATION 

a. Vaporizing — oil distills on hot surface or in hot cracking chamber. 

h. Atomizing — oil broken up into minute globules. 

(1) Centrifugal — by means of rotating cup or disc. 

(2) Pressure — by means of forcing oil under pressure through a small 

nozzle or orifice. 

(3) Air or steam — by high velocity air or steam jet in a special type of 

nozzle. 

(4) Combination air and pressure — ^by air entrained with oil under pressure 

and forced through a nozzle. 

c. Combination of {a) and (b), 

3. TYPE OF FLAME 

a. Luminous — a relatively bright flame. An orange-colored flame is usually best 

if no smoke is present. 

h. Non~luminous — Bunsen-t 5 rpe flame {i.e., blue flame). 

4. METHODS OF IGNITION 

a. Electric, 

(1) Spark — ^by transformer producing high-voltage sparks. Usually 

shielded to avoid radio interference.^ May take place continuously 
while the btirner is operating (continuous ignition) or just at the 
beginning of operation (intermittent ignition). 

(2) Resistance — ^by means of hot wires or plates. 
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h. Gas, 

(1) Continuous — pilot light of constant size. 

(2) Expanding — size of pilot light expanded temporarily at the beginning 

of burner operation. 

c. Combination — electric sparks light the gas and the gas flame ignites the oil. 

d. Manual — by manually-operated gas torch for continuously operating burners. 

5. MANNER OF OPERATION 

a. On and off — burner operates at fixed firing rate for period determined by load 

demand. 

b. High and low — burner operates continuously but varies from a high to a low 

flame. 

c. Graduated — burner operates continuously but flame is graduated according to 

needs by regulating both air and oil supply. 

A trade classification of domestic oil burners consists of the following 
general types; (a) gun or pressure atomizing, (&) rotary and {c) pot or 


FAN HOUSm 



vaporizing. These are further classified as mechanical draft and natural 
draft based on method used to supply the air for combustion. 

The gun type, illustrated in Fig. 11, is characterized by an air tube, 
usually horizontal, with oil supply pipe centrally located in the tube and 
arranged so that a spray of atomized oil is introduced and mixed in the 
combustion chamber with the air stream emerging from the air tube. A 
variety of patented shapes are employed at the end of the air tube to 
influence the direction and speed of the air and thus the effectiveness of 
the mixing process. 

The most distinguishing feature of vertical rotary burners is the 
principle of flame application. These burners are of two general types: 
the center flame and wall flame. In the former type (Fig. 12), the oil is 
atomized by being thrown from the rim of a revolving disc or cup and the 
flame burns in suspension with a characteristic yellow color. Combustion 
is supported by means of a bowl-shaped chamber or hearth. The wall 
flame burner (Fig. 13) differs in that combustion takes place in a ring of 
refractory material, which is placed around the hearth. These types of 
burners are further characterized by their installation within the ash pit of 
the boiler or furnace. 
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The pot type burner (Fig. 14) can be identified by the presence of a 
iiietal structure, called a pot or retort, in which combustion takes place. 

When gun type (pressure atomizing) or horizontal rotary burners are 
used the combustion chamber is usually constructed of firebrick or other 
suitable refractory material, such as stainless steel, and is part of the 
installation procedure. 

Most oil burners are operated by a small electric motor which pumps 
the oil and some or all of the air required. The smallest sizes can generally 




Fig. 12. Center Flame Vertical Fig. 13. Wall Flame Vertical 

Rotary Burner Rotary Burner 



burn not much less than from 0.50 to 0.75 gal of oil per hour. The grade 
of oil burned ranges from No. 1 to No. 3. No. 3 oil is the heaviest and 
most viscous of the various grades mentioned. An oil burner satisfactory 
for No. 3 oil can burn any of the lighter grades easily but an oil burner 
recommended for No. 2 oil should never be supplied with the heavier 
grades. While the heavier grades of oil have a smaller heat value per 
pound, they have, due to greater density, a larger heat value per gallon. 
The relative economy of the various grades must be based upon price and 
the amount of excess air required for clean and efficient combustion. 

Operating Requirements for Mechanical Draft Oil Burners 

The I/. 5. Department of Commerce in conjunction with the oil burner 
industry has established commercial standards for automatic mechanical 
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draft oil burners for domestic installations which cover installation 
requirements and performance tests^. 

Oil-Fired Boiler and Furnace Units 

Boilers and furnaces especially designed for oil burners are available. 
This type of equipment usually has more heating surface than the older 
coal-burning designs. Flue proportions and gas travel have been changed 
with beneficial results. 

COMMERCIAL OIL BURNERS 

Liquid fuels are used for heating apartment buildings, hotels, public 
and office buildings, schools, churches, hospitals, department stores, as 
well as industrial plants of all kinds. Contrary to domestic heating, con- 



Fig. 15. Horizontal Rotating-Cup Oil Burner 

venience seldom is a dominating factor, the actual net cost of heat pro- 
duction usually controlling the selection of fuel. Some of the largest office 
buildings have been using oil for many years. Many department stores 
have found that floor space in basements and sub-basements can be used 
to better advantage for merchandising wares, and credit the heat pro- 
ducing department with this saving. 

Wherever possible, the boiler plant should be so arranged that either 
oil or solid fuel can be used at will, permitting the management to take 
advantage of changes in fuel costs if any occur. Each case should be 
considered solely in the light of local conditions and prices. 

Burners for commercial heating may be either large models of types 
used in domestic heating, or special types developed to meet the condi- 
tions imposed by the boilers involved. Generally speaking, such burners 
are of the mechanical or pressure atomizing types, the former using 
rotating cups which throw the oil from the edge of the cup at high velocity 
into the surrounding stream of air delivered by the blower (Fig. 16). 

^Automatic Mechanical Draft Oil Burners Designed for Domestic Installations (U. 5. Department oj 
Commerce^ National Bureau of Standards t Commercial Standard No. CS75-39). 
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As much as 350 gal of oil per hour can be burned in these units, and 
frequently they are arranged in multiple on the boiler face, from two to 
five burners to each boiler. 

The larger installations are nearly always started with a hand torch, 
and are manually controlled, but the use of automatic control is increasing, 
and completely automatic burners are now available to burn the two 
heaviest grades of oil. Nearly all of the smaller installations, in schools, 
churches, apartment houses and the like, are fully automatic. 

Because of the viscosity of the heavier oils, it is customary to heat them 
before transferring by truck tank. It also has been common practice to 
preheat the oil between the storage tank and the burner, as an aid to 
movement of the oil as well as to atomization. This heating is accomplished 
by heat-transfer coils, using water or steam from the heating boiler. 

Unlike the domestic burner, units for large commercial applications 
frequently consist of atomizing nozzles or cups mounted on the boiler 
front with the necessary air regulators, the pumps for handling the oil 
and the blowers for air supply being mounted in sets adjacent to the 
boilers. In such cases, one pump set can serve several burner units, and 
common prudence dictates the installation of spare or reserve pump sets. 
Pre-heaters and other essential auxiliary equipment also should be in- 
stalled in duplicate. 

Boiler Settings 

As the volume of space available for combustion is the determining 
factor in oil consumption, it is general practice to remove grates and 
extend the combustion chamber downward to include or even exceed the 
ashpit volume; in new installations the boiler should be raised to make 
added volume available. Approximately 1 cu ft of combustion volume 
should be provided for every developed boiler horsepower, and in this 
volume from 1.5 to 2.5 lb of oil per hour can properly be burned. This 
corresponds to an average liberation of about 38,000 Btu per cubic foot 
per hour. There are indications that at times much higher fuel rates 
may be satisfactory. For best results, care should be taken to keep the 
gas velocity below 40 ft per second. Where checkerwork of brick is used 
to provide secondary air, good practice calls for about 1 sq in. of opening 
for each pound of oil fired per hour. Such checkerwork is best adapted 
to flat flames, or to conical flames that can be spread over the floor of the 
combustion chamber. The proper bricking of a large or even medium 
sized boiler for oil firing is important and frequently it is advisable to 
consult an authority on this subject. The essential in combustion 
chamber design is to provide against flame impingement upon either 
metallic or fire brick surfaces. Manufacturers of oil burners usually have 
available detailed plans for adapting their burners to various types of 
boilers, and such information should be utilized. 

Combustion Process 

Efficient combustion must produce a clean flame and must use relatively 
small excess of air, i.e,, between 25 and 50 per cent. This can be done 
only by vaporizing the oil quickly and completely, and mixing it vigorously 
with air in a combustion chamber hot enough to support the combustion. 
A vaporizing burner prepares the oil, for combustion, by transforming the 
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liquid fuel to the gaseous state through the application of heat. This is 
accomplished before the oil vapor mixes with air to any extent and if the 
air and oil vapor temperatures are high and the fire pot hot, a clear blue 
flame is produced. There may be a deficiency of air or an excessive supply 
of air, depending upon burner adjustment, without altering the clean, 
blue appearance of the flame. 

An atomizing burner i.e., gun and rotary types is so named because the 
oil is mechanically separated into very fine particles so that the surface 
exposure of the liquid to the radiant heat of the combustion chamber is 
vastly increased and vaporization proceeds quickly. The result of such 
practice is the ability to burn more and heavier oil within a given com- 
bustion space or furnace volume. Since the air enters the fire pot with the 
liquid fuel particles, it follows that mixing, vaporization and burning are 
all occurring at once in the same space. This produces a luminous 
instead of a blue or non-luminous flame. In this case a deficient amount 
of air is indicated by a dull red or dark orange flame with smoky flame tips. 

An excessive supply of air may produce a brilliant white flame in some 
cases or, in others, a short ragged flame with incandescent sparks flashing 
through the combustion space. While extreme cases may be easily 
detected, it is generally not possible to distinguish, by the eye alone, the 
finer adjustment which competent installation requires. 

Tests indicate that there is no difference in economy between a blue 
flame and a luminous flame if the position, shape and the per cent of 
excess air of both flames are proper for each type. 

Furnace or Combustion Chamber Design 

With burners requiring a refractory combustion chamber the size and 
shape should be in accordance with the manufacturer's instructions. It 
is important that the chamber shall be as nearly air tight as is possible, 
except when the particular burner requires a secondary supply of air 
for combustion. 

It is evident that the atomizing burner is dependent upon the surround- 
ing heated refractory or fire brick surfaces to vaporize the oil and support 
combustion. Unsatisfactory combustion may be due to inadequate 
atomization and mixing. A combustion chamber can only compensate 
for these things to a limited extent. If liquid fuel continually reaches 
some part of the fire brick surface, a carbon deposit will result. The com- 
bustion chamber should enclose a space having a shape similar to the 
flame but large enough to avoid flame contact. The nearest approach in 
practice is to have the bottom of the combustion chamber flat but far 
enough below the nozzle to avoid flame contact, the sides tapering from 
the air tube at the same angle as the nozzle spray and the back wall 
rounded. A plan view of the combustion chamber thus resembles in 
shape the outline of the flame. In this way as much fire brick as possible 
is close to the flame so it may be kept quite hot. This insures quick 
vaporization, rapid combustion and better mixing by eliminating dead 
or inactive spaces in the combustion chamber. An overhanging arch at 
the back of the fire pot is sometimes used to increase the flame travel and 
give more time for mixing and burning and sometimes to prevent the 
gases from going too directly into the boiler flues. When good atomiza- 
tion and vigorous mixing are achieved by the burner, combustion chamber 
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design becomes a less critical matter. Where secondary air is used, com- 
bustion chamber design is quite important. With some of the vertical 
rotary burners considerable care must be exercised in definitely following 
the manufacturer’s instructions when installing the hearth as in this class 
successful performance depends upon this factor. 

Combustion Adjustments 

Where adjustments of oil and air have been made which give efficient 
combustion, the problem of maintaining the adjustments constant be- 
comes an important one. Particularly is this true when the change 
causes the per cent of excess air to decrease below allowable limits of the 
burner. A decrease in air supply while the oil delivery remains constant 
or an increase in oil delivery while the air supply remains constant will 
make the mixture of oil and air too rich for clean combustion. The more 
ejfificient the adjustment (i.e., 25 per cent excess air) the more critical it 
will be of variations. The oil and air supply rates must remain constant. 

The following factors may influence the oil delivery rate: (a) changes 
in oil viscosity due to temperature change or variations in grade of oil 
delivered, (b) erosion of atomizing nozzle, (c) fluctuations in by-pass relief 
pressures and (d) possible variations in methods 26 (3) and 26 (4) listed in 
the previous classification table. Note that any change due to partial 
stoppage of oil delivery will increase the proportion of excess air. This 
will result in less heat, reduced economy and possibly a complete inter- 
ruption of service but usually no soot will form. 

The following factors may influence the air supply: (a) changes in 
combustion draft due to a variety of causes (i.e., changes in chimney 
draft because of weather changes, seasonal changes, back drafts, failure 
or inadequacy of automatic draft regulator, use of chimney for other 
purposes, possible stoppage of the chimney and changes in draft resis- 
tance of boiler due to partial stoppage of the flues), and (6) changes in air 
inlet adjustments to the fan. 

It is recognized that a secondary source of air due to leakage in the 
boiler setting is present in many installations and it is highly desirable that 
this leakage be reduced to a minimum. Obviously the amount of air 
leakage will be determined by the draft in the combustion chamber. 
It is important that this draft should be reduced as low as is consistent 
with the proper disposal of the gases of combustion. When using mechani- 
cal draft burners with average conditions, the combustion chamber draft 
should not be allowed to exceed 0.02-0.05 in. water. An automatic draft 
regulator is very helpful in maintaining such values. 

Even though a fan is generally used to supply the air for combustion, 
in most oil burners the importance of a proper chimney should not be 
overlooked. The chimney should have sufficient height and size to insure 
that the draft will be uniform within the limits given above if maximum 
efficiency throughout the whole heating season is to be maintained. 

Measurement of the Efficiency of Combustion 

Efficient combustion being based upon a clean flame and certain 
proportions of oil and air employed, it is possible to determine the results 
by analyzing the gases formed by the combustion process. Except in the 
case of a non-luminous flame it is usually sufficient to analyze only for 
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carbon dioxide (CO 2 ). A showing of 10 to 12 per cent indicates the best 
adjustment if the flame is clean. Most of the good installations at the 
present time show from 8 to 10 per cent COz. Taking into account the 
potential hazard of oil or air fluctuations with low excess air (high CO 2 ) 
a setting to give 10 per cent CO 2 constitutes a reasonable standard for 
most oil burners. 

Controls 

Controls for oil burner operation, including devices for the safety and 
protection of a boiler or furnace, are fully described in Chapter 34. 

GAS-FIRED APPLIANCES 

The increased use of gas for house heating purposes has resulted in the 
production of such a large number of different types of gas heating 
systems and appliances that today there is probably a greater variety of 
them than there is for any other kind of fuel. 

Gas-fired heating systems may be classified as follows: 

I. Gas-Designed Heating Systems. 

A. Central Heating Plants. 

1. Steam, hot water, and vapor boilers. 

2. Warm air furnaces. 

B. Unit Heating Systems. 

1. Warm air floor furnaces. 

2. Industrial unit heaters. 

3. Space heaters. 

4. Garage heaters. 

II. Conversion Heating Systems. 

A. Central Heating Plants. 

1. Steam, hot water and vapor boilers. 

2. Warm air basement furnaces. 

These systems are supplied with either automatic or manual control. 
Central heating plants, for example, whether gas designed or conversion 
systems, may be equipped with room temperature control, push-button 
control. Or manual control. 

Gas-Fired Boilers and Furnaces 

Specially designed boilers are available for gas-firing such as shown in 
Fig. 16. Additional information on gas-fired boilers will be found in 
Chapter 12. Either snap action or throttling control is available for gas 
boiler operation. Throttling control is especidly advantageous in steam 
systems because steam pressures can be maintained at desired points, 
while at the same time complete cut-off of gas is possible when the 
thermostat calls for it. 

Warm air furnaces are variously constructed of cast-iron, sheet metal 
and combinations of the two materials. If sheet metal is used, it must 
be of such a character that it will have the maximum resistance to the 
corrosive effect of the products of combustion. With some varieties of 
manufactured gases, this effect is quite pronounced. Warm air furnaces 
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are obtainable in sizes from those sufficient to heat the largest residence 
down to sizes applicable to a single room. The practice of installing a 
number of separate furnaces to heat individual rooms is peculiar to mild 
climates. Small furnaces, frequently controlled by electrical valves 
actuated by push-buttons in the room above, are often installed to heat 
rooms where heat may be desired for an hour or so each day. These- 
furnaces are used also for heating groups of rooms in larger residences. 
In a system of this type each furnace should supply a group of rooms in 
which the heating requirements for each room in the group are similar. 

The same fundamental principle of design that is followed in the con- 
struction of boilers, that is, breaking the hot gas into fine streams so that 



all particles are brought as close as possible to the heating surface, is 
equally applicable to the design of warm air furnaces. 

Codes for proportioning warm air heating plants, such as that formu- 
lated by the National Warm Air Heating and Air Conditioning Association 
are equally applicable to gas^ furnaces and coal furnaces. Recirculation 
should always be practiced with gas-fired warm air furnaces. It not only 
aids in heating, but is essential to economy. Where fans are used in con- 
nection with warm air furnaces for residence heating, it is well to have the 
control of the fan and of the gas so coordinated that there will be sufficient 
delay between the turning on of the gas and the starting of the fan to 
prevent blasts of cold air being blown into the heated rooms. An additional 
thermostat in the air duct easily may be arrsinged to accomplish this. 

Warm air floor furnaces are well adapted for heating first floors, or 
where heat is required in only one or two rooms. A number may be used 
to provide heat for the entire building where all rooms are on die ground 
floor, thus giving the heating system flexibility as any number of rooms 
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may be heated without heating the others. With the usual type the 
register is installed in the floor, the heating element and gas piping being 
suspended below. 

Space Heaters 

Space heaters are generally used for auxiliary heating, but may be, and 
are in many cases, installed for furnishing heat to entire buildings. With 
the exception of wall heaters, they are portable, and can be easily removed 
and stored during the summer season. Although it is generally desirable 
to connect space heaters with solid piping, use of flexible gas tubing, semi- 
rigid tubing, or flexible metal hose is frequently resorted to, particularly 
in the connection of portable types. Where flexible gas tubing is used, 
a gas shut-off on the heater is not permitted and only American Gas 
Association certified tubing should be used. 

Parlor furnaces or circulators are usually of the cabinet type. They heat 
the room entirely by convection, i.e., the cold air of the room is drawn in 
near the base and passes up inside the jacket around a drum or heating 
section, and out of the heater at or near the top. These heaters cause a 
continuous circulation of the air in the room during the time they are 
in operation. The burner or burners are located in the base at the bottom 
of an enclosed combustion chamber. The products of combustion pass 
around baffles within the heating element or drum, and out the flue at 
the back near the top. They are well adapted not only for residence 
room heating but also for stores and offices. 

Radiant heaters give off considerable portion of their heat in the form 
of radiant energy emitted by an incandescent refractory that is heated by 
a Bunsen flame. They are made in numerous shapes and designs and in 
sizes ranging from two to fourteen or more radiants. Some have sheet- 
iron bodies finished in enamel or brass while others have cast-iron or brass 
frames with heavy fire-clay bodies. An atmospheric burner is supported 
near the center of the base, usually by set screws at each end. Others 
have a group of small atmospheric burners supported on a manifold 
attached to the base. Most radiant heaters are supported on legs and are 
portable; however, there are also types which are encased in a jacket 
which fits into the wall with a grilled front, similar to a wall register. 

Gas-fired steam and hot water radiators are popular types of room heating 
appliances. They provide a form of heating apparatus for intermittently 
heated spaces such as stores, small churches and some types of offices and 
apartments. They are made in a large variety of shapes and sizes and are 
similar in appearance to the ordinary steam or hot water radiator. A 
separate combustion chamber is provided in the baise of each radiator and 
is usually fitted with a one-piece burner. They may be secured in either 
the vented or unvented types, and with steam pressure, thermostatic or 
room temperature controls. 

^Warm air radiators are similar in appearance to steam or hot water 
radiators. They are usually constructed of pressed steel or sheet metal 
hollow sections. The hot products of combustion circulate through the 
sections and are discharged from a flue or into the room, depending upon 
whether the radiator is of the vented or unvented type. 

Garage heaters are usually similar in construction to the cabinet 
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circulator space heaters, except that safety screens are provided over all 
openings into the combustion chamber to prevent any possibility of 
explosion from gasoline fumes or other gases which might be ignited by 
an open flame. They are usually provided with automatic room tem- 
perature controls and are well suited for heating either residence or 
commercial garages. 

Conversion Burners 

Residence heating with gas through the use of conversion burners in- 
stalled in coal-designed boilers and furnaces represents a common type 
of gas-fired house heating system. In many conversion burners radiants 
or refractories are employed to convert some of the energy in the gas to 
radiant heat. Others are of the blast type, operating without refractories. 

Many conversion units are equipped with a sheet metal secondary air 
duct which is inserted through the ashpit door. The duct is equipped 
with automatic air controls which open when the burners are operating 
and close when the gas supply is turned off. This prevents a large part 
of the circulation of cold air through the combustion space of the ap- 
pliance when not in operation. With this duct the air necessary for proper 
combustion is supplied directly to the burner, thereby making it possible 
to reduce the excess air passing through the combustion chamber. 

Conversion units are made in many sizes both round and rectangular 
to fit different types and makes of boilers and furnaces. They may be 
secured with manual, push-button, or room temperature control. 

Combustion Process and Adjustments 

Because of the varying composition of gases used for domestic heating 
it is difficult to generalize on the subject of gas burner combustion. 

Little difficulty should be experienced in maintaining efficient com- 
bustion conditions when burning gas. The fuel supply is normally held 
to close limits of variation in pressure and calorific value and, therefore, 
the rate of heat supply is nominally constant. Since the force necessary to 
introduce the fuel into the combustion chamber is an inherent factor of 
the fuel, no draft by the chimney is required for this purpose. The use of a 
draft diverter insures the maintenance of constant low draft condition in 
the combustion chamber with a resultant stability of air supply. A draft 
diverter is also helpful in controlling the amount of excess air and pre- 
venting back drafts which might extinguish the flame. (See Chapter 8.) 

Measurement of the Efficiency of Combustion 

It is possible to determine the results of combustion by analyzing the 
gases of combustion with an Orsat apparatus. It is desirable to determine 
the percentage of carbon dioxide {CO^, oxygen (O 2 ) and carbon monoxide 
{CO) in the flue gases. While ultimate CO 2 values of 10 to 12 per cent may 
be obtained from the combustion of gases commonly used for domestic 
heating, a combustion adjustment which will show from 8 to 10 per cent 
CO 2 represents a practical value. Under normal conditions no CO will be 
produced by a gas-fired boiler or furnace. Limitations as to output rating 
by the A,G.A. are based upon operation with not more than 0.04 per cent 
CO in the products of combustion. This is too small an amount to be 
determined by the ordinary flue gas analyzer. 
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Controls 

Temperature controls for gas burners are described in Chapter 34. 
Some central heating plants are equipped with push-button or other 
manual control. The main gas valve may be of either the snap action 
or throttling type. 

Sizing Gas-Fired Heating Plants 

While gas-burning equipment usually is completely automatic, main- 
taining the temperature of rooms at a predetermined and set figure, there 
are in use installations which are manually controlled. Experience has 
shown that, in order to effectively overcome the starting load and losses 
in piping, a manually-controlled gas boiler should have an output as 
much as 100 per cent greater than the equivalent standard cast-iron 
column radiation which it is expected to serve. 

Boilers under thermostatic control, however, are not subject to such 
severe pick-up or starting loads. Consequently, it is possible to use a 
much lower selection, or safety factor. A gas-fired boiler under thermo- 
static control is sensitive to variations in room temperatures so that in 
most cases a factor of 20 per cent is sufficient for pick-up load. 

The factor to be allowed for loss of heat from piping, however, must 
vary somewhat, the proportionate amount of piping installed being con- 
siderably greater for small installations than for large ones. Liberal 
selection factors to be added to the installed steam radiation under ther- 
mostatic control are given in Fig. 1 of Chapter 12. 

Appliances used for heating with gas should bear the approval seal of 
the American Gas Association Testing Laboratory. Installations should 
be made in accordance with the recommendations shown in the publi- 
cations of that association. 

Ratings for Gas Appliances 

Since a gas appliance has a heat-generating capacity that can be pre- 
dicted accurately to within 1 or 2 per cent, and since this capacity is not 
affected by such things as condition of fuel bed and soot accumulation, 
makers of these appliances have an opportunity to rate their product in 
exact terms. Consequently all makers give their product an hourly Btu 
output rating. This is the amount of heat that is available at the outlet of 
a boiler in the form of steam or hot water, or at the bonnet of the furnace 
in the form of warm air. The output rating is in turn based upon the 
Btu input rating which has been approved by the American Gas Asso~ 
ciation Testing Laboratory and upon an average efficiency which has 
been assigned by that association. 

In the case of boilers, the rating can be put in terms of square feet of 
equivalent direct radiation by dividing it by 240 for steam, and 150 for 
water. This gives what is called the American Gas Association rating, and 
is the manner in which all appliances approved by the American Gas 
Association Laboratory are rated. To use these ratings it is only necessary 
to increase the calculated heat loss or the equivalent direct radiation load 
by an appropriate amount for starting and piping, and to select the boiler 
or furnace with the proper rating. 
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The rating given by the American Gas Association Laboratory is not 
only a conservative rating when considered from the standpoint of 
capacity and efficiency, but is also a safe rating when considered from the 
standpoint of physical safety to the owner or caretaker. The rating that 
is placed upon an appliance is limited by the amount of gas that can be 
burned without the production of harmful amounts of carbon monoxide. 
Gas boilers are available with ratings up to 14,000 sq ft of steam radia- 
tion, while furnaces with ratings up to about 500,000 Btu per hour are 
available. 
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Chapter 11 


HEAT AND FUEL UTILIZATION 


Fuel Consumption Records, Calculated Heat Loss Estimation 
Method, Maximum Rate of Fuel Burning, Degree-Day Method, 

Unit Fuel Consumption per Degree-Day, Maximum Demand 
and Load Factors 

M any methods are in use for estimating in advance of actual oper- 
ation the anticipated heat or fuel consumption of heating plants 
over long or short periods. With suitable modification in procedure these 
same general methods are frequently useful in checking the degree of 
effectiveness with which heat or fuel is utilized during plant operation. 

In applying any of these estimating methods to the consumption of a 
particular building plant it should be noted that (a) reliable records of 
past heat or fuel consumptions of this building will usually produce more 
trustworthy estimates of future consumptions than will any data obtained 
by averages or from other similar buildings; (b) where no past records 
exist useful data can sometimes be obtained from records of similar 
buildings with similar plants in the same locality; (c) records of consump- 
tion, which are averages from many types of plants in many types of 
buildings in various localities, can produce no better than an average 
estimate which may be far from accurate; (d) estimates based on com- 
puted heat losses without the benefit of operating data are wholly de- 
pendent on how well the computation represents the actual facts 
Where records of past consumptions are available they should be 
examined for reliability to be sure that the records show fuel or heat for 
the heating plant only, or else make a suitable allowance for fuel used for 
other purposes, such as heating service water. Weights and measures 
shown on invoices may not always agree with fuel used, for residues left 
in bins or tanks may represent a considerable fraction of the fuel charged 
to a building. Generally, plant operating records of fuel used are to be 
preferred to those obtained from accounting or bookkeeping offices from 
fuel invoices. 

Records from similar buildings even in the same locality should be 
examined with care before being used as the basis of estimates. The type 
of heating system, the quality of supervision in manual plants, the kind of 
control in automatic plants, and the attention given to the plant operation 
are all factors in fixing the consumption in any building. Many times 
these factors do not show up in superficial examination and are even 
difficult to evaluate when known to be present. Especially check the 

219 



HEATING VENTILATING AIR CONDITIONING GUIDE 1942 


records to be sure that they do not include energy or fuel used for other 
purposes than heating the building. 

Estimates based on computed heat losses alone are frequently the only 
ones possible to obtain, especially where new equipment is put into 
unusual buildings and there is a scarcity of records and an absence of 
experience data. Such estimates also have to be made where direct 
information is not obtainable as, for example, if a survey is being made 
without the assistance or knowledge of the building operator and thus 
without information as to the actual consumption. Estimates of this 
kind are also useful in some cases where a relative standard of performance 
is desired to serve as a base of comparisons in a campaign of fuel utili- 
zation. In such situations it can be plausibly argued that an estimate 
based on computed heat quantities is to be preferred to one which is 
related to operating methods. 

In interpreting and evaluating heat or fuel consumption estimates as 
well as in their preparation, it is well to realize that any estimating method 
used will produce a more reliable result over a long period operation than 
over a short period. Nearly all of the methods in common use will give 
trustworthy results over a full anniml heating season, and in some cases 
such estimates will prove consistent within themselves for monthly periods. 
As the period of the estimate is shortened there is more chance that some 
factor not allowed for in the estimating method will become controlling 
and thus give discrepant and even ridiculous results. 

Of the various estimating methods in use attention is directed in this 
discussion to but two as they are illustrative of all, viz: (1) calculated 
heat loss method, and (2) degree-day method. 

CALCULATED HEAT LOSS METHOD 

This method is theoretical and assumes constant temperatures for very 
definite hours each day throughout the entire heating season. It does not 
take into account factors which are difficult to evaluate such as opening 
of windows, abnormal heating of the building, sun effect, poor heating 
systems, and many others. 

In order to apply this method the hourly heat loss from the building 
under maximum load, or design condition, is computed following the 
principles discussed in Chapters 4 and 5 and the method described and 
illustrated in Chapter 6. 

In some cases, however, depending on the presence of interior par- 
titions, the computed heat loss is modified when used for estimating the 
heat or fuel consumption. If the building has no interior walls or par- 
titions then, by the method of Chapters 5 and 6, the infiltration losses are 
calculated by using only half the total window crack. In such a building 
the calculated loss need not be modified in order to prepare heat or fuel 
estimates by this method. Where the building does contain interior 
walls or partitions instead of using as the calculated heat loss (if) which 
is equal to the sum of the transmission losses (ift) and the infiltration 

if* 

losses (ifi), it is more desirable to let if = ift + 
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In predicting fuel consumption for heating a building by the Calculated 
Heat Loss Method, the general formula is: 


where 


Hit ^ /a) N 
E (td - to) C 


( 1 ) 


F - 
H = 

t = 
ia - 

id = 

to = 

.V = 
E = 
C = 


quantity of fuel or energy- required (in the units in which C is expressed), 
calculated heat loss, Btu per hour, during the design hour, based on to and 

^generally H — Hi but may on occasion equal Ht 4- . 


average inside temperature maintained over estimate period, degrees Fahrenheit, 
average outside temperature through estimate period, degrees Fahrenheit 
(Table 2, Chapter 6). 

inside design temperature, degrees Fahrenheit (usually 70 F). 
outside design temperature, degrees Fahrenheit (see Outside Temperatures, 
Chapter 6). 

number of heating hours in estimate period (for an Oct. 1 — May 1 heating 
season, 5088). 

efficiency of utilization of the fuel over the period, expressed as a decimal; not 
the efficiency at peak or rated load condition, 
heating value of one unit of fuel or energy. 


Example 1, A residence in Philadelphia is to be heated to 70 F from 6 a.m. to 10 p.m. 
and 55 F from 10 p.m. to 6 a.m. The calculated hourly heat loss is 120,000 Btu per hour 
based on 70 F inside at — 5 F outside. If the building is to be heated by metered steam, 
how many pounds would be required during an average heating season? 

Solution, The heating value of steam may be taken as 1000 Btu per pound, and since 
it is purchased steam, the efficiency can be assumed as 100 per cent. From Table 2, 
Chapter 6, /a = 42,7 F. The average inside temperature is: 

(16 X 70) + (8 X 55) ^ 

= bo P . 


Substituting in Equation 1; 


120,000 (65 ~ 42.7) 5088 
1.00 [70 - (-5)] 1000 


181,239 lb. 


Example 2. How much would the fuel cost to heat the building in Example 1 during 
an average heating season wdth coal at $8 per ton and with a calorific value of 11,000 
Btu per pound, assuming that the seasonal efficiency of the plant was 55 per cent? 

r.... , r. 120,000 (65 - 42.7)5088 onn.otu 

Solution. Substituting in Equation 1 : F— q 55 [70 — (— 5)] H 000 ~ 30, 013 lb 

= 15 tons, which, at $8 per ton, costs $120. 


Example 3, What will be the estimated fuel cost per year of heating a building with 
gas, assuming that the calculated hourly heat loss is 92,000 Btu based on 0 F, which 
includes 26,000 Btu for infiltration? The design temperatures are 0 F and 72 F. The 
normal heating season is 210 days, and the average outside temperature during the 
heating season is 36.4 F. The seasonal efficiency will be 75 per cent. The heating plant 
will be thermostatically controlled, and a temperature of 55 F will be maintain^ from 
11 P.M. to 7 A.M. Assume that the price of gas is 7 cents per 100,000 Btu of fuel con- 
sumption, and disregard the loss of heat through open windows and doors. 

Solution. The average hourly temperature is: 

^ (72 X 16) + (55 X 8) ^ ^ 
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The maximum hourly heat loss will be: 


H = 92,000 - = 79,000 Btu. 


79,000 (66.3 - 36.4) X 24 X 210 


= 2204.6 hundred thousand Btu. 


100,000 X 0.75 X (72 - 0) uuuurcu luuuscLUU 

2204.6 X $0.07 = $154.34 = estimated fuel cost per year of heating building. 
Equation 1 can be expressed as: 

7? = A V 

EC^ ’ 


O O O O CALORIFIC VALUE OF FUEL 
S lO. in btu per LB - AS FIRED 



GROSS OUTPUT- THOUSAND BTU PER HOUR 



GROSS OUTPUT - HUNDRED FEET WATER RADIATION 


Fig. 1. Coal Fuel Burning Rate Chart 


where the expression ^ is the rate at which fuel is burned during the 

design hour.^ Values of this rate are plotted as ordinates in Figs. 1, 2 and 
3 for coal, oil and gas. For a given efficiency, the rate of fuel burning is 
directly proportional to the load and therefore these charts can be ex- 
tended by moving the decimal points the same number of digits in both 
vertical and horizontal scales. Use of these charts thus expedites the 
estimate. 

The charts are plotted so that the load is expressed in three terms: 
(a) hourly heat loss at design conditions, (b) square feet of steam radiator 
surface (240 Btu per hour) , and (c) square feet of hot water radiator 
surface (150 Btu per hour). By entering the chart at the correct point on 
the abscissa corresponding to the calculated heat loss (jff), following ver- 
tically to the seasonal efficiency assumed and thence horizontally to the 
fuel rate, the rate of fuel burning during a maximum or design hour will be 
found along the left hand scale for various calorific values of the fuel. 
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In the case of gravity warm air heating installations, the load is usually 
expressed in square inches of leader pipe. This can be converted into 
hourly heat loss by multiplying by the factors in Table 1. 

Example Ji.. A building located in Salt Lake City with an oil-burning heating plant 
has a calculated hourly heat loss of 260,000 Btu per hour. The plant is designed to 
maintain a temperature of 70 F inside during all 24 hours of the day, the outside design 
temperature is — 5 F, the ayerage outside temperature 40 F, the heating season 5088 
hours long, the assumed efficiency 60 per cent, and the oil has a calorific value of 143,400 
Btu per gallon. What will be the seasonal fuel consumption? 

Solution. Enter Fig. 2 at 260,000 on the upper horizontal scale, move vertically to the 
60 per cent efficiency curve, and horizontally to the vertical scale where the firing rate 

(S) is found as 3.0 gal per hour. 



0 100 200 300 400 500 

GROSS OUTPUT -THOUSAND B.T.U PER HOUR 


I I 1 1 r— -I 1 1 1 1 1 1 1 1 1 1 1 j I I r- 

0 2 4 6 8 10 12 14 )6 18 20 

GROSS OUTPUT - HUNDRED FEET STEAM RADIATION 
I — I — I — I — \ — I — I — \ — I — I — I — I — I — I — r— I — I — I — I — I — \ — I — I — I — I — I — I — I — I — r— I r— r- 
0 5 10 15 20 25 30 

GROSS OUTPUT - HUNDRED FEET WATER RADIATION 

Fig. 2. Oil Fuel Burning Rate Charts 


aXhis chart is based upon No. 3 oil having a heat content of 143,400 Btu per galbn. If other grades of 
oil are used multiply the value obtained from this chart by the following factors: No. 1 oil (139,000 Btu 
per gallon) 1.032; No. 2 oil (141,000 Btu per gallon) 1.017; No. 4 oil b^>S00 Btu per gallon) 0.992; No. 
5 oil (146,000 Btu per gallon) 0.982; and No. 6 oil (150,000 Btu per gallon) 0.956. 


Substituting this in Equation 2 for 



F = 3.0 


(70 - 40) 5088 
70 - (-5) 


6106 gal. 


Example 5. What would be the total gas consumption over a full heating season of a 
gas-fired gravity warm air furnace designed according to the Code^ and with four 12 in. 
and two 8 in. round leaders to the first floor and six 10 in. leaders to the second floor, if 
the gas has a heating value of 500 Btu per cubic foot, the plant operates at a 70 per cent 


^Standard Code Regulating the Installation of Gravity Warm Air Heating Systems in Residences 
(9th edition), and the Technical Code for the Design and Installation of Mechanical Warm Air Heating 
Systems, may be obtained from the National Warm Air Beating and Air Condtitoning Association, 145 
Public Square, Cleveland, Ohio. 
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seasonal efficiency and is designed to maintain an average inside temperature of 66 F 
when it is 10 F outside in a city where the average outside temperature is 45 F and the 
heating season is 5088 hours long? 

Solution. ^ The area of the round leaders is: 12 in., 113 sq in.; 10 in., 79 sq in.; and 
8 in., 50 sq in. From Table 1 the total Btu transmitted is: 

First Floor; [(4 X 113) -j- (2 X 50)] X 111 - 61,272 Btu per hour. 

Second Floor: (6 X 79) X 167 = 79,158 Btu per hour. 

Total 140,430 Btu per hour. 

Allowing 10 per cent for duct and furnace losses, the gross output would be 154,500 
Btu per hour. 


O O CALORIFIC VALUE 

O o 8 B T U. PER CUBIC FOOT 
If) CO o 



GROSS OUTPUT- THOUSAND BT.U PER HOUR 


0 2 4 6 6 10 12 14 16 18 20 

GROSS OUTPUT - HUNDRED FEET STEAM RADIATION 

1 ' I I i — I — I — I — I — I — I — I — I — I — I — I — I — I — I — I — I — I — I — I — I — I — I — I — 1 — I — I — I — I — r- 

0 5 10 15 20 25 30 

GROSS OUTPUT - HUNDRED FEET WATER RADIATION 

Fig. 3 Gas Fuel Burning Rate Chart 


Enter Fig. 3 at 154.5 on the upper horizontal scale, move to the 70 per cent efficiency 
curve and thence to the 500 Btu per cubic foot vertical scale and find f ) to be ap- 
proximately 440 cu ft per hour. 

Substituting in Equation 2: 

f = 440 X = 746,428 cu ft. 

Maximum Rate of Fuel Burning 

The rate at which fuel is burned during the maximum, or design hour, is 
frequently useful in setting, or adjusting, the fuel feed devices attached to 

stokers, oil-burners, and gas burners. This rate is found 

from the charts of Figs. 1, 2 and 3 in the same way as outlined in the 
Examples 4 and 5. In using the charts for this purpose, however, it 
should be noted that the efl&ciency (E) is the overall efficiency of the boiler 


224 



CHAPTER n. HEAT AND FUEL UTILIZATION 


or furnace at the time of peak load. This efficiency is generally consider- 
ably greater than the value selected for E when the seasonal efficiency of 
utilization is used in making seasonal fuel estimates. Failure to dis- 
tinguish between the two essentially different meanings attached to E 
may result in grossly inaccurate estimates. 

The correct fuel burning rate can be determined directly from the 
several charts for oil or gas burning installations, as these customarily 
operate on a strictly intermittent basis. These fuel burning devices 
usually introduce the fuel at a single fixed rate during the on periods and 
this rate should be sufficient to carry the gross or maximum design load. 
In the case of coal stokers, which are usually capable of variable rates of 
firing, it is desirable to operate at as low a rate as weather conditions will 
permit, but the maximum firing rate of the stoker should be sufficient 
to carry the gross load. This rate may be determined by the same method 
as used for oil or gas. 


Table 1. Heat Carrying Capacity of Gravity Warm Air Furnace 
Round Leader Pipes 

180 F Register Temperature 


Leadeb Pipe 

Btu per Hour at Design Conditions 
PER Sq In. op Leader Pipe 

Firs?t floor . ___ 

111 

Second floor. _ 

167 

Third floor 

200 



Example 6. The estimated net load (including domestic hot water supply) as calcu- 
lated for a residence is 1500 sq ft of hot water radiation. Determine the firing rates for 
various mechanically fired fuels assuming an overall boiler efficiency of 70 per cent; 
using coal with a calorific value of 12,500 Btu per pound; No. 3 fuel oil and natural gas 
having a gross heating value of 1000 Btu per cubic foot. 

Solution. Referring to Fig. 1, Chapter 12, a piping and pick-up factor for a net load of 
1500 sq ft is found to be 43 per cent or the gross output is equivalent to 1500 X 1.43 = 
2145 sq ft of hot water radiation. 

Using the charts in Figs. 1, 2 and 3 project vertically from the gross output value on 
the proper horizontal scale to the intersection of the 70 per cent efficiency line. From the 
intersection of this line proceed horizontally to the proper vertical scale where a direct 
value of the required fuel burning rate is given. These values are rates of burning while 
firing device .is in operation and are not indicative of hourly fuel consumption. 

By use of the respective charts the firing rates for the various fuels will be found to be: 
coal 36.8 lb per hour, oil 3.2 gal per hour, and gas 460 cu ft per hour. 

DEGREE-DAY METHOD 

This method is based on consumption data which have been taken from 
buildings in operation, and the results computed on a degree-day basis. 
While diis method may not be as theoretically correct as the Calculated 
Heat Loss Method, it is of more value for practical use. 

The amount of heat required by a building depends upon the outdoor 
temperature, if other variables are eliminated. Theoretically it is pro- 
portional to the difference between the outdoor and indoor temperatures. 
Some years ago the American Gas Association^ determined from experi- 

*See Industrial Gas Series. House Heating, {third edition) published by the American Gas Association 
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ment in the heating of residences that the gas consumption varied directly 
as the difference between 65 F and the outside temperature. In other 
words, on a day when the temperature was 20 deg below 65 F, twice as 
much gas was consumed as on a day when the temperature was 10 deg 
below 65 F. The degree-day is defined in Chapter 47. 

Some years ago the National District Heating Association studied the 
metered steam consumption of 163 buildings® in 22 different cities and 
published data substantiating the fact that the 65 F base originally 
chosen by the gas industry is approximately correct. (See Table 2.) 

If the degree-days occurring each day are totaled for a reasonably long 
period, the fuel consumption during that period as compared with another 
period will be in direct proportion to the number of degree-days in the 
two periods. Consequently, for a given installation, the fuel consumption 
can be calculated in terms of fuel used per degree-day for any .sufficiently 
long period and compared with similar ratios for other periods to deter- 
mine the relative operating efficiencies with the outside temperature 
variable eliminated. 

Predictions of fuel consumption are generally based on the average 
number of degree-days which have occurred over a long period of years, 
and such averages, by months, on a 65 F base, are given for various 
United States and Canadian cities in Table 3. In general, attempts to 
apply the degree-day method to fuel consumptions over a period of less 
than a month are of questionable value. 

Formula for Degree-Day Method 

The general formula for predicting fuel consumption by the Degree- 
Day Method is: 

F ^ UXNXD (3) 

where 

F = fuel consumption for the estimate period. 

U = unit fuel consumption, or quantity of fuel used per degree-day per building 
load unit. 

N — number of building load units. 

D — number of degree-days for the estimate period. 

Values of D for use in Equation 3 are given in Table 3. Values of N 
depend on the particular building for which the estimate is’ being pre- 
pared and must be found by surveying plans, by observation, or by 
measurement of the building. Values of U for use in this equation are the 
Unit Fuel Consumptions per Degree-Day and are obtained as a result of 
the collection of operating information. Certain of this information is 
presented later but before referring to these data attention is directed to 
the nature of the unit. 

Unit Fuel Consumptions per Degree-Day 

The quantity of fuel used per degree-day in a given heating plant can 
be reduced to a unit basis in terms of quantity of fuel (or steam) per 
degree-day per square foot of radiation, per cubic foot of heated building 
space, or per thousand Btu hourly heat loss at design conditions. A less 
frequently used basis is quantity of fuel per degree-day per square foot of 


’These buildings are all served with steam from a district heating company. 
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floor area. In fact any convenient unit can be used to relate the con- 
sumption to the degree-day and to the building. 

The choice of these units requires explanation and some discrimination 
and judgment. The use of heated space in preference to the gross building 
cubage used by architects is obviously more accurate for this purpose. 
The architects' cubage includes the outer walls and certain percentages 
of attic and basement space which are usually unheated. The net heated 
space is usually about 80 per cent of the gross cubage and can be calcu- 
lated from the latter if it cannot be measured. The cubical content is 
somewhat inaccurate as a basis of comparison due to differences in types 
of construction, exposure, and ratio of exposed area to cubical contents. 
Use of equivalent radiator surface figures is fundamentally the same as 


Table 2. Base Temperature for the DEGREE-DAya 


Type op Building 

No. OF BxnLDiNas 
Analyzed 

Tbmpeeatuee F Cob- 

BESPONDS TO ZSBO 

Stbam Consumption 



60 

66.2 

Offirft and Bant , 

4 

65.8 

Bank 

3 

66.2 

Office and Telephone Exchange 

2 

65.5 

Office and Stores 

6 

67.4 

Stores 

11 

64.0 

Department Stores 

12 

64.3 

Hotels _ _ 

7 

66.5 

Apartments 

14 

68.8 

Residences. _ __ 

8 

66.9 

Oiihs 

4 

65.5 

I.odges 

5 

64.9 

Theaters 

3 

67.6 

Chnrchea __ 

2 

65.8 

Garages. 

2 

64.8 

Auto Sales and Service _ . 

4 

61.2 

Newspaper and Printing 

3 

67.7 

\A7a rehouse and T.oft 

3 

67.7 

Office and Loft 

2 

65.2 

M an n f act uri n g 

8 

65.4 

Average for Ifi.^ Buildings 

66.0 F 




aReport of Commercial Relations Committee, Proceedings, National District Heating Association, 1932. 


using a calculated heat loss and therefore units in terms of fuel per degree- 
day per equivalent square foot of calculated radiator surface, per^ 1000 
Btu of calculated heat loss, or per Btu of heat loss at design conditions 
are all of equal accuracy and desirability. It is doubtful if installed 
radiator surface as determined by count should be used at all. Radiator 
units are also of questionable value where there is fan coil surface or warm 
air systems. In view of all these considerations it is believed that the unit 
based on thousands of Btu of hourly calculated heat loss for the design hour 
is probably the most desirable although the one most widely used seems 
to be units of fuel {or heat) per degree-day per square foot of equivalent 
direct radiator surface. 

Since this unit is the one most widely used at present the unit fuel con- 
sumptions given in succeeding paragraphs of this chapter make use of this 
unit to a considerable extent, although it should be understood that most 
of these units of consumption can be transposed as desired. 
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Table 3. Degree-Days For Cities in the United States and Canada^ 


State 

Crrr 

Jan. 

Feb. 

Mae. 

Apr. 

Mat 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Total 

Ala..»_. 

Birmingham.... 

617 

476 

298 

1 58 

1 





51 

333 

577 

2410 


Mobile 

418 

288 

164 

' 11 






3 

192 

397 

1473 

Ariz 

Phoenix 

428 

277 

133 

: 4 






1 

160 

403 

1405 

Ark.. .. 

Fort Smith 

790 

622 

384 

97 






89 

420 

710 

3112 


Little Rock 

732 

563 

372 

92 






72 

387 

645 

2863 

Calif. 

Los Angeles. 

322 

266 

232 

168 

87 

3 




11 

123 

260 

1472 


San Francisco.. 

468 

358 

335 

300 

254 

195 

202 

183 

123 

140 

261 

425 

3244 

Colo... 

Dpnvpr 

1091 

904 

797' 

537 

273 

18 



76 

428 

756 

1014 

5894 


Grand Junction 

1271 

899 

663 

378 

123 




31 

378 

771 

1162 

5676 

Conn... 

New 

1141 

1008 

905 

534 

220 

10 



55 

347 

690 

1008 

5918 

D. C.. 

Wjishino-tnn 

980 

832 

694 

351 

61 




3 

236 

594 

880 

4631 

Fla.--... 

Jacksonville.,,.. . 

298 

196 

76 








88 

270 

928 

Ga 

Atl^ints 

694 

552 

403 

120 






80 

387 

629 

2865 


Savannah 

422 

308 

186 

15 






7 

195 

391 

1524 

Idaho 

Bnisp 

1091 

846 

691 

438 

Ss 

30 



102 

431 

720 

1020 

5614 

111. 

Chicago 

1237 

1053 

890 

519 

202 

3 



17 

307 

714 

1085 

6027 


Springfield 

1194 

994 

769 

369 

71 




7 

285 

684 

1032 

5405 

Ind 

Evansville 

976 

804 

592 

249 

16 





174 

552 

865 

4228 


Indianapolis . 

1135 

949 

775 

387 

77 




12 

288 

681 

1017 

5321 

Iowa.... 

Des Moines .. 

1392 

1156 

902 

447 

117 




28 

360 

798 

1209 

6409 


Sioux City 

1463 

1232 

1001 

516 

142 




68 

437 

894 

1299 

7052 

Kan.. . 

Dodge City. . 

1116 

890 

688 

342 

65 




3 

276 

672 

1004 

5056 


Topeka 

1159 

952 

694 

309 

49 




3 

248 

666 

1023 

5103 

Kv 

T-C'^ington 

995 

829 

660 

321 

46 




2 

236 

606 

905 

4600 


Louisville. 

.949 

778 

608 

258 

16 





178 

549 

849 

4185 

La 

New Orleans... 

335 

216 

71 








104 

291 

1017 


Shreveport , , 

558 

395 

208 

16 






24 

270 

493 

1964 

Me 

East port 

1383 

1218 

1119 

780 

536 

297 

143 

133 

276 

542 

849 

1200 

8476 


Portland 

1321 

1154 

1029 

660 

363 

79 


5 

162 

468 

810 

1159 

7210 

Md 

Baltimore 

967 

829 

704 

342 

47 




2 

211 

561 

862 

4525 

Mass... 

Boston 

1150 

1014 

911 

558 

245 

13 



61 

353 

690 

1008 

6003 

Mich... 

Detroit 

1259 

1112 

980 

564 

217 

4 



58 

388 

771 

1107 

6460 


Marquette 

1510 

1364 

1246 

816 

496 

183 

12 

37 

225 

567 

951 

1314 

8721 

Minn... 

Duluth 

1770 

1501 

1280 

840 

549 

234 

32 

74 

297 

648 

1050 

1522 

9797 


Minneapolis. 

1621 

1375 

1097 

558 

226 

9 



113 

499 

978 

1407 

7883 

Miss... 

Vicksburg. 

521 

370 

202 

19 






22 

252 

465 

1851 

Mo 

Kansas City. 

1141 

946 

691 

306 

43 




2 

226 

639 

1008 

5002 


St. Louis 

1051 

846 

648 

267 

15 





191 

588 

933 

4539 


Springfield 

976 

834 

614 

270 

41 




2 

211 

579 

893 

4420 

Mont... 

Havre 

1615 

1439 

1175' 

639 

360 

94 


22 

2581 

636 

1014 

1383 

8635 

Neb 

Linmln ___ 

1308 

1089 

852 

405 

107 




21 

335 

777 

1159 

6053 


Omaha 

1336 

1106 

868 

414 

91 




15 

332 

795 

1197 

6154 

Nev. 

Winnemucca.... 

1128 

882 

775 

549 

344 

76 



175 

518 

798 

1085 

6330 

N. H... 

Concord 

1345 

1182 

1060 

648 

332 

68 


4 

171 

474 

819 

1184 

7287 

N. J..... 

Altantic City.-. 

1008 

879 

818 

516 

214 

8 



10 

251 

582 

887 

5173 

N. M... 

Santa Fe 

1122 

893 

784 

549 

288 

30 



122 

453 

783 

1063 

6087 

N. Y,.. 

Albany 

1299 

1145 

1001 

546 

177 

1 



69 

400 

771 

1132 

6541 


Buffalo ___ 

1252 

1140 

1051 

666 

322 

41 



81 

406 

768 

1091 

6818 


New York 

1057 

944 

846 

468 

139 




12 

270 

624 

930 

5290 

N. C... 

Raleigh 

741 

610 

459 

168 

1 





98 

420 

682 

3179 


Wilmington 

574 

479 

363 

94 






31 

270 

493 

2304 

N. D... 

Bismark _ 

1773 

1532 

1265 

687 

326 

55 


5 

207 

623 

1095 

1559 

9127 

Ohio... 

Cincinnati 

1076 

902 

747 

378 

71 




10 

288 

675 

980 

5127 


Cleveland 

1194 

1053 

942 

564 

220 

6 



47 

353 

723 

1048 

6150 


Columbus. 

1128 

960 

803 

414 

93 




15 

304 

693 

1011 

5421 

Okla... 

Oklahoma City 

887 

711 

465 

156 

3 





120 

486 

797 

3625 

Ore 

Baker 

1243 

1008 

849 

594 

412 

192 

12 

27 

270 

570 

870 

1169 

7216 


Portland 

794 

641 

561 

396 

25l' 

80 



100 

335 

546 

738 

4442 

Pa 

Philadelphia 

1004 

871 

750 

387 

77 




3 

223 

579 

890 

4784 
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Table 3. Degree-Days for Cities in the United States and Canada^ (Concluded) 


State 

Cm 

Jan. 

Feb. 

Mae. 

Ape. 

Mat 

Jttns 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Total 

Pa 

Pittsburgh 

1063 

916 

787 

414 

91 




15 

288 

654 

955 

5183 

S. C 

Charleston 

468 

353 

236 

37 






8 

207 

412 

1721 


Columbia 

589 

470 

304 

63 






54 

330 

552 

2362 

S. 

Huron.- 

1665 

1420 

1119 

597 

267 

18 



112 

536 

1005 

1435 

8174 


Rapid City. 

1333 

1165 

1004 

621 

341 

49 



140 

512 

873 

1181 

7219 

Tenn... 

Knoxville 

812 

647 

505 

210 

8 





160 

513 

766 

3621 


Memphis 

747 

580 

394 

98 





76 

399 

663 

2957 


Nashville 

818 

655 

490 

180 

3 





130 

480 

744 

3500 

Texas.. 

El Paso. - 

620 

448 

285 

59 






72 

369 

623 

2476 


Fort Worth 

608 

468 

226 

25 






24 

285 

542! 

2178 


Houston 

381 

255 

56 








122 

329 

1143 


San Antonio. 

394 

269 

70 








138 

350 

1221 

Utah.-. 

Modena 

1187 

952 

831 

570 

356 

62 



150 

527 

858 

1114 

6637 


Salt Lake City.. 

1110 

874 

722 

462 

236 

12 



54 

388 

717 

1026 

5601 

Vt 

Burlington 

1432 

1277 

1113 

651 

264 

21 



140 

490 

861 

1259 

7508 

Va 

Lynchburg. 

852 

692 

549 

231 

9 




1 

202 

534 

790 

3860 


Norfolk...- 

756 

624 

521 

246 

19 





89 

408 

679 

3342 


Richmond 

840 

711 

552 

252 

15 





167 

501 

781 

3819 

Wash.. 

Seattle 

790 

669 

623 

468, 

326 

180 

59 

59 

207 

422 

582 

722 

5107 


Spokanp 

1162 

944 

784 

498 

294 

72 



174 

518 

795 

1071 

6312 

W. Va. 

Elkins 

1073 

935 

775 

486 

180 

3 



71 

394 

741 

1001 

5659 


Parkersburg.-... 

1008 

862 

688 

348 

55 




10 

276 

636 

924 

4807 

Wis 

Green Bay 

1528 

1333 

1128 

654 

313 

35 



139 

i 512 

930 

1324 

7896 


LaCrosse 

1516 

1282 

1038 

534 

177 

1 



87 

456 

894 

1324 

7309 


Milwaukee 

1376 

1182 

1020 

636 

338 

52 



80 

431 

831 

1206 

7152 

Wyo... 

Cheyenne 

1224 

1056 

989 

723 

456 

138 


13 

240 

626 

906 

1132 

7503 

Lander 

1448 

1190 

1011 

678 

428 

135 


18 

279 

666 

1041 

1383 

8277 


Peo- 

VINCB 

Cm 

Jan. 

Feb. 

Mae. 

Ape. 

Mat 

June 

JULT 

Aug. 

Sept 

Oct. 

Nov. 

Dec. 

Total 

Alta — 

Calgary 

1674 

1428 

1240 

750 

496 

270 

124 

186 

450 

744 

1170 

1395 

9,927 


Edmonton. 

1829 

1512 

1302 

720 

434 

270 

124 

186 

450 

713 

1230 

1519 

10,289 

B. C... 

Vancouver.- 

899 

756 

713 

510 

341 

180 

62 

31 

270 

496 

660 

837 

5,555 

Man... 

Winnipeg - 

2139 

1820 

1581 

810 

465 

90 


62 

270 

744 

1320 

1829 

11,130 

N. B-. 

Moncton 

1519 

1428 

1178 

810 

465 

210 


93 

300 

620 

930 

1333 

8,886 

N. S... 

Hfllifflv 

1302 

1176 

1085 

780 

496 

210 



210 

496 

780 

1147 

7,682 

Ont. 

1 OttflWSl 

1674 

1484 

1271 

690 

279 

30 



210 

589 

990 

1457 

8,676 


Port Arthur. 

1829 

1624 

1426 

900 

558 

240l 

62 

86 

360 

713 

1140 

1550 

10,588 


Toronto 

1333 

1204 

1209 

720 

372 

60 



180 

558 

870 

1209 

7,715 

P.E.I. 

Charlottetown 

1178 

1120 

1209 

870 

529 

210 



600 

558 

870 

1240 

8,382 

Que. 

Montrpfll 

1581 

1428 

1209 

720 

310 




180 

558 

960 

1395 

8,341 



1705 

1484 

1333 

870 

434 

120 


31 

270 

651 

1050 

1519 

9,467 

Sask...j 

Saskatoon 

2108 

1820 

1581 

810 

465 

210 

62 

155 

450 

806 

1290 

1736 

11,493 


apigures for United States cities taken from Degree-Day Normals over the United States, by A. G. 
Topil {Monthly Weather Review, U. S. Weather Bureau, July, 1937, p. 266). Figures for Canadian Cities 
abstracted from Heating &• Ventilating, October, 1939. 

Estimating Gas Consumption 

Values of the Unit Fuel Consumption Constat (U) for gas are given 
in Table 4 for various gas heating values, and different types and sizes of 
heating plants. They are based on an inside design temperature of 70 F and 
an outside design temperature of 0 F and apply only to these conditions. 
For o^er design conditions corrections must be made as given in Table 5. 
Estimates for industrial buildings where low inside temperatures are 
maintained cannot be made from this table. 
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The factors in Table 4, as corrected if necessaty, are satisfactory for 
regions having 3500 to 6500 degree-days per heating season. In regions 
with less than 3500 degree-days the unit gas consumption is higher than 
given; where over 6500, the unit is less than given. Ten per cent addition 
or deduction in these cases is recommended by AG A publications. 

For gas heating values other than those given in Table 4, simply inter- 
polate or extrapolate. It will also be noted that Table 4 applies only to 
small installations. In general the larger the installation the smaller the 
unit gas consumption becomes and the values in the table should be used 
with care, if at all, in large gas-burning installations. 

Example 7. Make an estimate of the gas required to heat a building located in 
Chicago, 111., assuming that the calculated heating surface requirements are 1000 sq ft 
of hot water radiation based on design temperature of 0 F and 70 F. Chicago has 800 Btu 
mixed gas, and 6027 degree-days. 

Solution, Using Equation 3 and Table 4, the fuel consumption for a design tem- 
perature of 0 F with 800 Btu gas is found to be 0.085 cu ft of gas per degree-day per 
square foot of hot water radiation. 

0.085 X 1000 X 6027 = 512,295 cu ft. 

Estimating Oil Consumption 

Unit fuel consumption factors for oil, similar to those for gas in Table 4 
are given in Table 6. The factors in Table 6 apply only to an inside design 

Table 4. Factors for Estimating Gas Consumption^ 


Btu Value 

OP Gab 

PER Cu Ft 

Hot Water 

Steam 

Warm Am 

Cu Ft Gas per Degree-Day 
per Sq Ft Radiator 

Cu Ft Gas per Dei 
per Sq Ft Rai 

sree-Day 

diator 

Cu Ft Gas per Degree-Day 
per 1000 Btu Hourly 
Design Heat Loss 

Up to 
SOO 
Sql^ 

500 to 
1200 
SqFt 

Over 

1200 

SqFt 

Up to 
500 
SqFt 

300 to 
700 

Sq Ft 

Over 

700 

SqFt 

Gravity 

Fan Systems 

500 

0.142 

0.135 

0.128 

0.242 

0.231 

0.220 

0.855 


535 

0.132 


0.120 

0.226 

0.215 

0.206 

0.800 

0.766 

800 

0.089 

0.085 

0.081 

0.151 

0.144 

0.137 

0.534 

0.513 

1000 

0.071 

0.068 

0.065 

0.121 

0.115 

0.110 

0.428 

0.410 

1 Therm 

Gas Consumption in Therms per Degree-Day 

100,000 1 
Btu 

0.000708 

0.000675 

0.000642 

0.00121 

0.00115 

0.00110 

0.00428 

0.00409 


•Abstracted from Comfort Heating, American Gas Association, 1938. 

Table 5. Correction Factors for Outside Design Temperatures 


Outside Design Temp. Deg F 

Inside Design Temp. Dbg F 

Multiply Values in Tables 4, 6 and 7 by 

-20 

70 

0.778 

-10 

70 

0.875 

0 

70 

0.000 

4-10 

70 

1.167 

+20 

70 

1.400 
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temperature of 70 F and an outside design temperature of OF. For other 
outside design temperatures, the constants in Table 6 must be multiplied 
by the values in Table 5 as explained under Estimating Gas Consumption. 

Table 6 assumes the use of oil with a heating value of 140,000 Btu per 
gallon. For other heating values, multiply the values in Table 6 by the 
ratio of 140,000 divided by the heating value per gallon of fuel being used. 

Example 8. What would be the estimated seasonal oil consumption of a boiler- 
burner unit in Minneapolis of a building having a calculated heat loss of 192,000 Btu per 
hour, burning 144,000 Btu per gallon oil and operating at a seasonal efficiency of 60 
per cent, if the outside design temperature for Minneapolis is —20 F, and the inside 
design temperature is 70 F? 

Solution. From Table 6, under 60 per cent efficiency and opposite the bottom column, 
find the uncorrected U to be 0.00476 gal per 1000 Btu hourly heat loss. 

From Table 5, the correction multiplier for —20 F outside design temperature is 
0.778. Solving, 0.778 X 0.00476 = 0.00370. Making a further correction for the 
heating value: 

0.0037 X Y^ 4 *qqq “ 0.0036 gal per 1000 Btu per hour calculated heat loss per degree- 
day. 

From Table 3, the average degree-days for Minneapolis number 7883, and from the 
problem N = 192. Substituting in Equation 3: 

F - 0.0036 X 7883 X 192 = 5449 gal. 


Table 6. Unit Fuel Consumption^ Constants for Oil^ 


Untt 

Efpicienct in Pee Cent 


40 

so 

60 

70 

80 

Gal Oil per Sq Ft Steam Radiator.. 

0,00172 

0.00137 

0.00114 

0.00098 

0.00086 

Gal Oil per Sq Ft Hot Water 
Radiator. 

0.00108 

0.00086 

0.00072 

0.00062 

0.00054 


Gal Oil per 1000 Btu per Hour 

Hpflt T.nss 

0.00715 

0.00571 

0.00476 

0.00409 

0.00358 



ftBased on a heating value of 140,000 Btu per gallon. 

bAbstracted by permission from Degree-Day Handbook (Second Edition, 1937), by C. Strock and 
C. H. B. Hotchkiss. 


Table 7. Unit Fuel Consumption^ Constants for Coal^ 


Unit 

Ephcibnct in Per Cent 

40 

50 

60 

70 

80 

Lb Coal per Sq Ft Steam Radiator.. 

0.0200 

0.0160 

0.0133 

0.0114 

0.0100 

Lb Coal per Sq Ft Hot Water 
Radiator. 

0.0125 

0.0100 

0.0084 

0.0072 

0.0063 

Lb Coal per 1000 Btu per Hour 
Heat Loss 

0.0825 

0.0666 

0.0550 

0.0471 

0.0412 


ftBased on a heating value of 12,000 Btu per pound. 

bAbstracted by permission from Degree-Day Handbook, (Second Edition, 1937), by C. Strock and 
C. H. B. Hotchkiss. 
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Estimating Coal or Coke Consumption 

Coal or coke consumption estimates can be made in exactly the same 
way as for oil. The uncorrected values of U are given in Table 7. These 
constants apply only to inside design temperatures of 70 F and an outside 
design temperature of 0 Fj and correction must be made for other con- 
ditions by use of the multiplying factors in Table 5. Table 7 is based on 
12,000 Btu per pound coal and for other heating values of coal, values in 
Table 7 must be multiplied by the ratio of 12,000 divided by the heating 
value of fuel used. 

Example 9. A building in Marquette, Mich., has an hourly heat loss at design con- 
ditions of 240,000 Btu per hour. If the inside design temperature is to be 70 F and the 
outside design temperature is —10 F, what will be the estimated normal seasonal coal 
consumption for heating if 12,000 Btu per pound fuel is burned at a 50 per cent seasonal 
efficiency, and what part of the total will be used during November, December, and 
January? 

Solution, From Table 7, U uncorrected, is 0.0666 lb of coal per 1000 Btu per hour 
heat loss. Correcting for the outside design temperature, Table 5, the corrected value of 
U is 0.875 X 0.0666 = 0.0583. From Table 3, D is 8721 and from the problem N is 240. 

Substituting in Equation 3: 

F = 0.0583 X 240 X 8721 - 122,024 lb. 

Fuel used over any period is, according to the theory of the degree-day, proportional to 
the number of degree-days during the period. From Table 3, the average number of 
degree-days for November, December, and January in Marquette are 951, 1314, and 
1510, a total of 3775. The yearly total is 8721, so that during these three months the 
estimated consumption is; 

X 122,024 = 52,820 lb. 

Estimating Steam Consumption 

In estimating steam consumption the efficiency is not ordinarily a 
factor and is assumed at 100 per cent. Ordinarily low pressure steam 
with a heating value of 1000 Btu per pound is used so that no correction 
is necessary for heating value in the usual case. In comparing values 
from different cities, correction should be made for design temperature 
(see Table 6) when the unit figures are in terms of square foot of radiator 
or 1000 Btu per hour calculated heat loss, but not when the values are in 
terms of building volume or floor space. 

Consideration has been given to the difference in steam utilization of 
different types of buildings and Table 8^ shows actual average units for 
these various types. These figures are obtained from operating results in 
196 buildings located in 21 different cities in the United States. Being 
averages, and for small groups in each type, the figures may need con- 
siderable modification to allow for local variations. It should be especially 
noted that the steam used for heating hot water is included in the values 
given in Table 8, but in the case of office buildings, the steam for heating 
only is also shown. Presentation of the unit consumption in three ways 
permits making the estimate if either the calculated heat loss or the 
volume of net heated space in the building is known. 

^The Heat Requirements of Buildings, by J. H. Walker and G. H. Tuttle (A.S.H.V.E. Transactions, 
Vol. 41, 1935, p. 171). 
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Table 8. Steam Consumption for Various Classes of Buildings^ 
{Heating Season Only) 


Buildikq Classification 

No. OP 
Buildings 
Listed 

Steam Consumption 

Pounds per Dbgreb-Dat-hSS F BASisd 

Per M Cu Ft 
of Heated 
Space 

Per M Sq Ft 
of Radiatorc 
Surface 

Per M Btu 
per Hour of 
Heat Lossb 

Apartments 

16 

1.78 

97.5 

0.359 

Hotels 

10 

1.46 

80.6 

0.371 

RftsiHftnr.fts 

12 

1.32 

64.2 


Printing 

7 

1.25 

105.5 


Clnha and Lodges 

10 

0.96 

77.0 


Retail Stores 

18 

0.90 

80.6 

0.268 

Theaters 

6 

0.90 

75.0 

0.498 

Loft and Mfg. 

16 

0.89 

72.3 

0.283 

Banks 

7 

0.88 

45.2 


Aiito Sales and Servire _ 

8 

0.83 

62.2 


Chnrrhes 

6 

0.58 

49.4 


Department Stores 

14 

0.57 

60.7 

0.238 

Carages (Storage) e 

6 

0.42 

72.3 


Offices (Total) 

35 

1.09 

70.0 

0.283 

Offices (Heating only) 

35 

0.975 

65.4 

0.256 


aincludes steam for heating domestic water for heating season only. 

bHeat loss calculated for maximum design condition (in most cases 70 F inside, zero outside). 
eEquivalent steam radiator surface. 

dThe figures are a numerical — ^not a weighted — average for the several buildings in each class. 
eBased on zero consumption at 65 F. 


Example 10. A store in Detroit with a heating system designed to maintain 70 F 
inside in 0 F weather has 1700 sq ft of equivalent direct steam radiator surface, and uses 
only moderate quantities of hot water. What would be the estimated average yearly 
steam consumption of purchased steam for heating and for hot water during the heating 
season? 

Solution. According to Table 8, a store (0 to 70 F conditions) would use 80.6 lb of 
steam per thousand square feet of radiation per degree-day, including winter hot water. 
From Table 3, Detroit has 6460 degree-days per normal year. Inserting in Equation 3: 

F = 80.6 X 1.7 X 6460 - 885,149 lb of steam. 


Table 9. Building Load Factors and Demands of Some Detroit Buildings^ 


Building Classification 

Load Factor 

Lb op Demand per Hour 

PER Sq Hour op Equivalent 
Installed Radiator Surpacr 

P.|nbs J^Tid T. edges 

0.318 

0.184 

Hotel®.. 

0.316 

0.207 

Printing 

Offices - 

0.287 

0.263 

0.217 

0.209 

Apartments - - 

0.255 

0.225 

Retail Stnres . , _ * 

0.238 

0.182 

Auto Rale® and Service , , 

0.223 

0.248 

Banks 

0.203 

0.158 

Churches 

0.158 

0.152 

Department Stores 

0.138 

0.145 

Theaters 

0.126 

0.151 



^Report of Commercial Relations Committee, Proceedings ^ National District Heating Association, 1932. 
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MAXIMUM DEMANDS AND LOAD FACTORS 

In one form of district heating rates, a portion of the charge is based 
upon the maximum demand of the building. The maximum demand may 
be measured in several different ways. It may be taken as the instan- 
taneous peak or as the rate of use during any specified interval. One 
method is to - take the average of the three highest hours during the 
winter. These figures are available for a number of buildings in Detroit, 
as shown in Table 9. 

These maximum demands were measured by an attachment on the 
condensation meter and therefore represent the amounts of condensation 
passed through the meter in the highest hours, rather than the true rate 
at which steam is supplied. There might be slight differences in these 
two quantities due to time lag and to storage of condensate in the system, 
but wherever this has been investigated it has been found to be negligible. 

The load factor of a building is the ratio of the average load to the 
maximum load and is an index of the utilization habits. Thus, in Table 9, 
the theaters, operating for short hours, have a load factor of 0.126 as 
compared with the figure of 0.318 for clubs and lodges. 

SEASONAL EFFICIENCY 

The task of predicting fuel consumption within reasonably accurate 
limits is a simple one where sufficient experience data are available for 
the fuel in question. Such data can be analyzed to the point where 
average unit factors can be determined and expressed in such terms as, 
for example, average gallons of oil actually burned per square foot of 
calculated steam radiator surface per degree-day. The unit TJ can be 
inserted directly in Equation 3 without reference to efficiency. Such 
experience factors are available for gas (see Table 4) and for district 
steam (Table 8), but not for coal or oil. 

Since values of U are not available for oil or coal, an assumed seasonal 
efficiency E must be used. Selection of a value for this E must be made 
with caution, for its use implies a meaning not commonly associated with 
the word efficiency and consequently is frequently misleading. 

The input of heat to a building consists not only of the energy in the 
fuel but that from occupants, the sun, appliances, processes, and all 
other sources. In many cases these make up, over a period, an important 
percentage of the total heat required, and if they are not taken into 
account a calculation of efficiency can show a figure over 100 per cent. 

For this and other reasons the actual seasonal efficiency is a difficult 
thing to determine. Published data are widely scattered and insufficient. 
From the available published material it is found that the seasonal effi- 
ciency varies over a wide range, depending on the fuel used, and it 
varies widely even for a given fuel. For example, in a recent survey of 
30 houses in one locality there was found a variation of from 45 to 75 
per cent in the utilization efficiency depending on the fuel®. 


*Heat XxDSses and Efficiencies of Fuels in Residential Heating, by R. A. Sherman and R. C. Cross, 
(A.S.H.V.E. Transactions, Vol. 43, 1937, p. 185). 
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Chapter 12 


HEATING BOILERS 


Cast-Iron Boilers^ Steel Boilers^ Special Heating Boilers, 
Gas-Fired Boilers, Hot Water Supply Boilers, Furnace Design, 
Heating Surface, Testing and Rating Codes, Output Efficiency, 
Selection of Boilers, Connections and Fittings, Erection, Oper- 
ation and Maintenance, Boiler Insulation 


S TEAM and hot water boilers for low pressure heating work are built in 
a wide variety of types, many of which are illustrated in the Catalog 
Data Section, and are classified as (1) cast-iron sectional, (2) steel fire 
tube, (3) steel water tube, and (4) special. 

CAST-IRON BOILERS 

Cast-iron boilers usually fall into one of two general classifications 
(1) rectangular pattern with vertical sections and rectangular grate 
commonly known as sectional boilers, (2) round pattern with horizontal 
pancake sections and circular grates commonly Imown as round boilers. 
A few boilers of the sectional type use outside header construction where 
each section is independent of the other and the water and steam con- 
nections are made externally through these headers. The majority of 
boilers, however, both sectional and round, are assembled with push 
nipples and tie rods at the top and bottom of the sections in which case 
water and steam connections are internal. The present trend in design 
of sectional boilers is to use a large top push nipple so that in a steam boiler 
the water line may be carried through the top push nipple thereby per- 
mitting circulation of water between adjacent sections at both the top 
and bottom of the water content of the boiler. The primary purpose of 
this construction is to eliminate the necessity of connecting the sections 
below the water line with an external header to permit circulation of the 
water from one section to the other which is necessary in the case of a 
steam boiler equipped with an indirect water heater for summer-winter 
hot water supply. 

Round and sectional boilers may be increased in size by the addition 
of sections which in the case of sectional boilers also increases the grate 
area. The grate area of round boilers remains the same as additional 
sections are added. 

Cast-iron boilers are usually shipped knocked down. This facilitates 
handling at the place of installation where assembly is made in that 
separate sections can be taken into or out of basements and other places 
more or less inaccessible after the building is constructed. This feature 


235 



HEATING VENTILATING AIR CONDITIONING GUIDE 1942 


is of importance in the original installation of the boiler and also in making 
repairs to or replacing a damaged boiler at a later date. 

Cast-iron boilers may be designed to burn efficiently one kind of fuel 
only or various kinds of fuel. Practical combustion rates for coal-fired 
boilers are given in Table 1. Many recent designs of oil burning boilers 
have been designed exclusively for oil fuel and in some cases for both oil 
and gas. The present trend in the design of boilers for hand firing is, 
however, to design them so they will be suitable for ready conversion to 
and efficient operation with oil and stoker firing even after the boiler 
has been installed and has been operating for a period of time on one type 
of fuel. 


Table 1. Practical Combustion Rates for Coal-Fired Heating Boilers Oper- 
ating AT Maximum Load on Natural Draft of from H in. to in. Waters 


Kind of Coal 

Sq Ft Grate 

Lb of Coal per Sq Ft 
Grate per Hour 


Up to 4 

3 


5 to 9 


No. 1 Buckwheat Anthracite 

10 to 14 

4 


15 to 19 

m 


20 to 25 

5 


Up to 9 

5 

Anthracite Pea 

10 to 19 



20 to 25 

6 


Up to 4 

8 


5 to 9 

9 

Anthracite Nut and Larger 

10 to 14 

10 


15 to 19 

11 


20 to 25 

13 


Up to 4 

9.5 

Bituminous 

5 to 14 

12 


15 and above 

15.5 


aSteel boilers usually have higher combustion rates for grate areas exceeding 15 sq ft than those indicated 
in this table. 


Capacities of cast-iron boilers range from that required for small 
residences up to about 18,000 sq ft of radiation. For larger loads boilers 
must be installed in multiple. The maximum allowable working pressure 
for cast-iron boilers is limited by the A,S.M,E, Code to 15 lb per square 
inch for steam boilers. Hot water boilers are usually limited to 30 lb 
per square inch maximum working pressure but may be designed for 
higher pressures where required for heating purposes or for hot water 
supply where the boiler must withstand high local water pressures. 

STEEL BOILERS 

Steel heating boilers may be classified according to (a) position of 
combustion gas with respect to tube surface, (b) arrangement and con- 
struction of furnaces, and (c) type of fuel and method of firing. 

Fire tube boilers are those in which the gases of combustion pass 
through the tubes and the boiler water circulates around them. In water 
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tube boilers, the gases circulate around the tubes and the water passes 
through them. 

Steel heating boilers may be furnished with integral water jacketed 
furnaces or arranged for refractory lined brick or refractory lined jacketed 
furnaces. Those with integral water jacketed furnaces are called portable 
firebox boilers and are the most commonly used type. They may be 
either fire tube or water tube and are furnished for any fuel and method 
of firing used in heating boiler practice. They are usually shipped from 
the factory in one piece, ready for piping. Bridge-walls and smoke- 
less furnace parts are shipped in place when furnished. Boilers with 
refractory lined furnaces may be either fire tube or water tube. They 
also may be arranged for any fuel or method of firing. Refractory 
furnaces are usually installed in such boilers after they are set. 

SPECIAL HEATING BOILERS 

A special type of boiler, known as the magazine feed boiler ^ has been 
developed for the burning of small sizes of anthracite and coke. These 
are built of both cast-iron and steel, and have a large fuel carrying capa- 
city which results in longer firing periods than would be the case with the 
standard types using buckwheat sizes of coal. Special attention must be 
given to insure adequate draft and proper chimney sizes and connections. 

Oil-burner boiler units, in which a special boiler has been designed with 
a furnace shaped to meet the general requirements of oil burners, or are 
specially adapted to one particular burner, have been developed by a 
number of manufacturers. These usually are compact units with the 
burner and all controls enclosed within an insulated steel jacket. Ample 
furnace volume is provided for efficient combustion, and the heating 
surfaces are proportioned for effective heat transfer. Consequently, 
higher efficiencies are obtainable than with the ordinary coal-fired boiler 
designed primarily for hand firing and converted to oil firing. 

GAS-FIRED BOILERS 

Gas boilers have assumed a well-defined individuality. The usual boiler 
is sectional in construction with a number of independent burners placed 
beneath the sections. In most boilers each section has its own burner. In 
all cases the sections are placed quite closely together, much closer than 
would be possible when burning a soot-forming fuel. The effort of the 
designer is always to break the hot gas up into thin streams, so that all 
particles of the heat-carrying gases can come as close as possible to the 
heat-absorbing surfaces. Because there is no fuel bed resistance and 
because the gas company supplies the motive power to draw in the air 
necessary for combustion (in the form of the initial gas pressure) , draft 
losses through gas boilers are low. (See Chapter 10.) 

Most gaS-fired boilers carry the approval of the American Gas Asso- 
ciation. In order to obtain this approval the boilers must be submitted 
to the American Gas Association Testing Laboratory and meet the Approval 
Requirements for Central Heating Gas Appliances issued by the American 
Gas Association. The boiler ratings must be such that they meet the 
limitations as set forth in these Approval Requirements. 
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HOT WATER SUPPLY BOILERS 

Boilers for hot water supply are classified as direct, if the water heated 
passes through the boiler, and as indirect, if the water heated does not 
come in contact with the water or steam in the boiler. 

Direct heaters are built to operate at the pressures found in city supply 
mains and are tested at pressures from 200 to 300 lb per square inch. 
The life of direct heaters depends almost entirely on the scale-making 
properties of the water supplied. If water temperatures are maintained 
below 140 F the life of the heater will be much longer than if higher 
temperatures are used, owing to decreased scale formation and minimized 
corrosion below 140 F. Direct water heaters in some cases are designed 
to burn refuse and garbage. 

Indirect heaters generally consist of steam boilers in connection with 
heat exchangers of the coil or tube t5npes which transmit the heat from the 
steam to the water. This type of installation has the following advantages: 

1. The boiler operates at low pressure. 

2. The boiler is protected from scale and corrosion. 

3. The scale is formed in the heat exchanger in which the parts to which the scale 
is attached can be cleaned or replaced. The accumulation of scale does not affect 
efficiency although it will affect the capacity of the heat exchanger. 

4. Discoloration of water may be prevented if the water supply comes in contact 
with only non-ferrous metal. 

Where a steam heating system is installed, the domestic hot water 
usually is obtained from an indirect heater placed below the water line of 
the boiler. Indirect heaters may also be used with hot water heating 
systems to obtain domestic hot water and should be located as high as 
possible with respect to the boiler for most satisfactory performance. 

FURNACE DESIGN 

Good efficiency and proper boiler performance are dependent on cor- 
rect furnace design embodying sufficient volume for burning the par- 
ticular fuel at hand, which requires thorough mixing of air and gases at 
a high temperature with a velocity low enough to permit complete com- 
bustion of all the volatiles. On account of the small amount of volatiles 
contained in coke, anthracite, and semi-bituminous coal, these fuels can 
be burned efficiently with less furnace volume than is required for bi- 
tuminous coal, the combustion space being proportioned according to the 
amount of volatiles present. 

Combustion should take place before the gases are cooled by the boiler 
heating surface, and the volume of the furnace must be sufficient for this 
purpose. The furnace temperature must be maintained sufficiently high 
to produce complete combustion, thus resulting in a higher CO 2 content 
and the absence of CO. Hydrocarbon gases ignite at temperatures 
varying from 1000 to 1500 F. 

The question of furnace proportions, particularly in regard to mechani- 
cal stoker installations, has been given some consideration by various 
manufacturers* associations. Arbitrary values have been recommended 
for minimum dimensions. A customary rule-of-thumb method of figuring 
furnace volumes is to allow 1 cu ft of space for a maximum heat release 
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of 50,000 Btu per hour. This value is equivalent to allowing approxi- 
mately 1 cu ft for each developed horsepower, and it is approved by 
most smoke prevention organizations. 

The setting height will vary with the type of stoker. In an overfeed 
stoker, for instance, all the volatiles must be burned in the combustion 
chamber and, therefore, a greater distance should be allowed than for an 
underfeed stoker where a considerable portion of the gas is burned while 
passing through the incandescent fuel bed. The design of the boiler also 
may affect the setting height, since in certain types the gas enters the 
tubes immediately after leaving the combustion chamber, while in others 
it passes over a bridge wall and toward the rear, thus giving a better 
opportunity for combustion by obtaining a longer travel before entering 
the tubes. 

To secure suitable furnace volume, especially for mechanical stokers or 
oil burners, it often is necessary either to pit the stoker or oil burner, or, 
where water line conditions and headroom permit, to raise the boiler on a 
brick foundation setting. 

Smokeless combustion of the more volatile bituminous coals is furthered 
by the use of mechanical stokers. (See Chapter 10.) Smokeless com- 
bustion in hand-fired boilers burning high volatile solid fuel is aided (1) 
by the use of double grates with down-draft through the upper grate, (2) 
by the use of a curtain section through which preheated auxiliary air is 
introduced over the fire toward the rear of the boiler, and (3) by the intro- 
duction of preheated air through passages at the front of the boiler. All 
three methods depend largely on mixing secondary air with the partially 
burned volatiles and causing this mixture to pass over an incandescent 
fuel bed, thus tending to secure more complete combustion than is pos- 
sible in boilers without such provision. 

HEATING SURFACE 

Boiler heating surface is that portion of the surface of the heat transfer 
apparatus in contact with the fluid being heated on one side and the gas or 
refractory being cooled on the other side. Heating surface on which the 
fire shines is known as direct or radiant surface and that in contact with 
hot gases only, as indirect or convection surface. The amount of heating 
surface, its distribution and the temperatures on either side thereof 
influence the capacity of any boiler. 

Direct heating surface is more valuable than indirect per square foot 
because it is subjected to a higher temperature and also, in the case of 
solid fuel, because it is in position to receive the full radiant energy of the 
fuel bed. The heat transfer capacity of a radiant heating surface may be 
as high as 6 to 8 times that of an indirect surface. This is one of the 
reasons why the water legs of some boilers have been extended, especially 
in the case of stoker firing where the extra amount of combustion chamber 
secured by an extension of the water legs is important. For the same 
reason, care should be exercised in building a refractory combustion 
chamber in an oil-burning boiler so as not to screen any more of this 
valuable surface with refractories than is necessary for good combustion. 

The effectiveness of the heating surface depends on its cleanliness, its 
location in the boiler, and the shape of the gas passages. The area of the 
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gas passages must not be so small as to cause excessive resistance to the 
flow of gases where natural draft is employed. Inserting baffles so that 
the heating surface is arranged in series with respect to the gas flow 
increases boiler efficiency and reduces stack temperature and increases 
the draft loss through the boiler. 

Heat Transfer Rates 

Practical rates of heat transfer in heating boilers will average about 
3300 Btu per square foot per hour for hand-fired boilers and 4000 Btu per 
square foot per hour for mechanically fired boilers when operating at 
design load. When operating at maximum load^ these values will run be- 
tween 5000 and 6000 Btu per square foot per hour. Boilers operating 
under favorable conditions at the above heat transfer rates will ^ve exit 
gas temperatures that are considered consistent with good practice. 

TESTING AND RATING CODES 

The Society has adopted four solid fuel testing codes, a solid fuel 
rating code and an oil fuel testing code. A.S.H.V.E. Standard and Short 
Form Heat Balance Codes for Testing Low-Pressure Steam Heating 
Solid Fuel Boilers — Codes 1 and 2 — (Revision of June 1929)®, are intended 
to provide a method for conducting and reporting tests to determine heat 
efficiency and performance characteristics. A.S.H.V.E. Performance 
Test Code for Steam Heating Solid Fuel Boilers — Code No. 3 — (Edition of 
1929)® is intended for use willi A.S.H.V.E. Code for Rating Steam Heating 
Solid Fuel Hand-Fired Boilers^. The object of this test code is to specify 
the tests to be conducted and to provide a method for conducting and 
reporting tests to determine the efficiencies and performance of the boiler. 
The A.S.H.V.E. Standard Code for Testing Steam Heating Boilers 
Burning Oil Fuel^ is intended to provide a standard method for con- 
ducting and reporting tests to determine the heating efficiency and per- 
formance characteristics when oil fuel is used with steam heating boilers. 
In 1938 the Society adopted a Standard Code for Testing Stoker-Fired 
Steam Heating Boilers® which is intended to provide a test method for 
determining the efficiency and performance characteristics of any stoker 
or boiler combination burning any type of solid fuel such as anthracite 
or bituminous coal. 

The Steel Heating Boiler Institute has adopted a method for the rating 
of low pressure boilers based on their physical characteristics and ex- 
pressed in square feet of steam or water radiation or in Btu per hour as 
given in Table 2. The detailed requirements of this code were outlined 
in Chapter 13 of The Guide 1939. The Institute of Boiler and Radiator 
Manufacturers has also adopted a method of rating cast-iron heating 
boilers based upon performance obtained under tests. This code became 
effective August 1, 1939 for sectional boilers of 20 in. width grate or less, 
but the Institute intends eventually to expand the code to apply to all 


^For definitions of design load and maximum load see page 242. 
*See A.S.H.V.E. Transactions, Vol. 35, 1929, pp. 322 and 332. 
»See A.S.H.V.E. Transactions, Vol. 36, 1930, p. 42. 

<See A.S.H.V.E. Transactions, Vol. 37, 1931, p. 23. 

»See A.S H.V.E. Transactions. Vol. 44, 1938, p. 366. 
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Table 2. Steel Heating Boiler Standard Ratings^ 


Hand-'Fieed Rating 


Mechanically-Fered Rating 


Catalog 

Net Load 

Heating 
Surface 
Sq Ft 

1 

Grate 

Area 

SqFt 

Catalog 

Net Load 

Furnace Vol- 
ume, Oil , Gas 
or Bituminous 
Coal Cu Ft 

Steam 

Radiation 

SqFt 

Water 

Radiation 

SqFt 

Btu per 
Hour in 
Thou- 
sands 

Steam 
Radiation 
Sq Ft 

Steam 
Radiation 
Sq Ft 

Water 

Radiation 

SqFt 

Btu per 
Hour in 
Thousands 

Steam 

Radiation 

SqFt 

1,800 

2,880 

432 

1,389 

129 

7.9 

2,190 

3,500 

525 

1,695 

15.7 

2,200 

3,520 

528 

1,702 

158 

8.9 

2,680 

4,280 

643 

2,089 

19.2 

2,600 

4,160 

624 

2,020 

186 

9.7 

3,160 

5,050 

758 

2,461 

22.6 

3,000 

4,800 

720 

2,335 

215 

10.5 

3,650 

5,840 

876 

2,853 

26.1 

3,500 

5,600 

840 

2,732 

250 

11.4 

4,250 

6,800 

1,020 

3,335 

30.4 

4,000 

6,400 

960 

3,135 

286 

12.2 

4,860 

7,770 

1,166 

3,830 

34.8 

4,500 

7,200 

1,080 

3,540 

322 

13.4 

5,470 

8,750 

1,312 

4,330 

39.1 

5,000 

8,000 

1,200 

3,945 

358 

14.5 

6,080 

9,720 

1,459 

4,834 

43.5 

6,000 

9,600 

1,440 

4,770 

429 

16.4 

7,290 

11,660 

1,749 

5,850 

52.1 

7,000 

11,200 

1,680 

5,608 

500 

18.1 

8,500 

13,600 

2,040 

6,885 

60.8 

8,500 

13,600 

2,040 

6,885 

608 

20.5 

10,330 

16,520 

2,479 

8,490 

73.8 

10,000 

16,000 

2,400 

8,197 

715 

22.5 

12,150 

19,440 

2,916 

10,125 

86.8 

12,500 

20,000 

3,000 

10,417 

893 

25.6 

15,180 

24,280 

3,643 

12,650 

108.5 

15,000 

24,000 

3,600 

12,500 

1,072 

28.4 

18,220 

29,150 

4,372 

15,183 

130.2 

17,500 

28,000 

4,200 

14,584 

1,250 

30.9 

21,250 

34,000 

5,100 

17,708 

151.8 

20,000 

32,000 

4,800 

16,667 

1,429 

33.2 

24,290 

38,860 

5,829 

20,242 

173.5 

25,000 

40,000 

6,000 

20,834 

1,786 

37.4 

30,360 

48,570 

7,286 

25,300 

216 . 9 . 

30,000 

48,000 

7,200 

25,000 

2,143 

41.2 

36,430 

58,280 

8,743 

30,359 

260.3 

35,000 

56,000 

8,400 

29,167 

2,500 

44.7 

42,500 

68,000 

10,200 

35,417 

303.6 


^Adopted by the Steel Heating Boiler Institute in cooperation with the Bureau of Standards^ United Stales 
Department of Commerce Simplified Practice Recommendations R 1q7~35, 


sizes of boilers. Methods of testing hand-fired and oil-fired boilers are 
specified and are referred to as IBR testing codes. 


BOILER OUTPUT 

Boiler output as defined in A.S.H.V.E. Performance Test Code for 
Steam Heating Solid Fuel Boilers (Code No. 3) is the quantity of heat 
available at the boiler nozzle with the boiler normally insulated. It 
should be based on actual tests conducted in accordance with this code. 
This output is usually stated in Btu and in square feet of equivalent heat- 
ing surface (radiation). According to the A.S.H.V.E. Standard Code for 
Rating Steam Heating, Solid Fuel Hand-Fired Boilers, the performance 
data should be given in tabular or curve form on the following items for at 
least five outputs ranging from maximum down to 35 per cent of maxi- 
mum: (1) fuel available, (2) combustion rate, (3) efficiency, (4) draft 
tension, (5) flue gas temperature. The only definite restriction placed on 
setting the maximum output is that priming shall not exceed 2 per cent. 
These curves provide complete data regarding the performance of the 
boiler under test conditions. Certain other pertinent information, such as 
grate area, heating surface and chimney dimensions, is desirable also in 
forming an opinion of how the boiler will perform in actual service. 

The output of large heating boilers is frequently stated in terms of 
boiler horsepower instead of in Btu per hour or square feet of equivalent 
radiation. 
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BOILER EFFICIENCY 

The term efficiency as used for guarantees of boiler performance is 
usually construed as follows; 

1. Solid Fuels. The efficiency of the boiler alone is the ratio of the heat absorbed by 
the water and steam in the boiler per pound of combustible burned on the grate to the 
calorific value of 1 lb of combustible as fired. The combined efficiency of boiler, furnace 
and grate is the ratio of the heat absorbed by the water and steam in the boiler per pound 
of fuel as fired to the calorific value of 1 lb of fuel as fired. 

2. Liquid and Gaseous Fuels. The combined efficiency of boiler, furnace and burner 
is the ratio of the heat absorbed by the water and steam in the boiler per pound or cubic 
foot of fuel to the calorific value of 1 lb or cubic foot of fuel respectively. 

Solid fuel boilers usually show an efficiency of 50 to 75 per cent when 
operated under favorable conditions at their rated capacities. Infor- 
mation on the combined efficiencies of boiler, furnace and burner has 
resulted from research conducted at Yale University in cooperation with 
the A.S.H.V.E. Research Laboratory and the American Oil Burner 
Association^. 

SELECTION OF BOILERS 

Estimated Design Load: The load, stated in Btu per hour or equivalent 
direct radiation, as estimated by the purchaser for the conditions of inside 
and outside temperature for which the amount of installed radiation was 
determined, is equivalent to the sum of the heat emission of the radiation 
to be actually installed, the allowance for the heat loss of the connecting 
piping, and the heat requirement for any apparatus requiring heat con- 
nected to the system. 

The estimated design load is the sum of the following three items^; 

1. The estimated heat emission in Btu per hour of the connected radiation (direct, 
indirect or central fan) to be installed. 

2. The estimated maximum heat in Btu per hour required to supply water heaters 
or other apparatus to be connected to the boiler. 

3. The estimated heat emission in Btu per hour of the piping connecting the radiation 
and other apparatus to the boiler. 

Estimated Maximum Load: Construed to mean the load stated in Btu 
per hour or the equivalent direct radiation that has been estimated by 
the purchaser to be the greatest or maximum load that the boiler will be 
called upon to carry. 

The estimated maximum load is given by®: 

4. The estimated increase in the normal load in Btu per hour due to starting up cold 
radiation. This percentage of increase is to be based on the sum of Items 1, 2 and 3 
and the heating-up factors given in Table 3. 

Other things to be considered are : 

5. Efficiency with hard or soft coal, gas, or oil firing, as the case may be. 


“A.S.H.V.E. Research Report No. 907 — ^Study of the Charactenstics of Oil Burners and Heating 
Boilers, by L. E. Seeley and E. J. Tavanlar (A.S.H.V.E. Transactions. Vol. 37, 1931, p. 517). A.S.H.V.E, 
Research Report No. 925 — A Study of Intermittent Operation of Oil Burners, by L. E. Seeley and J. H. 
Powers (A.S.H V.E. Transactions. Vol. 38, 1932, p. 317). 

■^A.S.H.V.E. Code of Minimum Requirements for the Heating and Ventilation of Buildings (Edition 
of 1929). 

“Loc. Cit. Note 7. 
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6. Grate area with hand-fired coal, or fuel burning rate with stokers, oil, or gas. 

7. Combustion space in the furnace. 

8. Type of heat liberation, whether continuous or intermittent, or a combination of 
both. 

9. Miscellaneous items consisting of draft available, character of attendance, pos- 
sibility of future extension, possibility of breakdown and headroom in the boiler room. 

Radiation Load 

The connected radiation (Item 1) is determined by calculating the heat 
losses in accordance with data given in Chapters 4, 6 and 6, and dividing 
by 240 to change to square feet of equivalent radiation as explained in 
Chapter 13. For hot water, the emission commonly used is 150 Btu per 
square foot, but the actual emission depends -on the temperature of the 
medium in the heating units and of the surrounding air. (See Chapter 13.) 

Although it is customary to use the actual connected load in equivalent 
square feet of radiation for selecting the size of boiler, this connected load 
usually represents a reserve in heating capacity to provide for infiltration 


Table 3. Warming-up Allowances for Low Pressure Steam and 
Hot Water Heating BoiLERsa.b,c 


Design Load (Eefbesenting Summation of Items 1, 2, and 3,d 

Percentage Capacitt to Add 

POE Warming Up 

Btu per Hour 

Equivalent Square Feet of Radiationd 

Up to 100,000 

Up to 420 

65 

100,000 to 200,000 

420 to 840 

60 

200,000 to 600,000 

840 to 2500 

55 

600,000 to 1,200,000 

2500 to 5000 

50 

1,200,000 to 1,800,000 

5000 to 7500 

45 

Above 1,800,000 

Above 7500 

40 


aThis table is taken from the A.S.H.V.E. Code of Minimum Requirements for the Heating and Venti- 
lation of Buildings, except that the second column has been added for convenience in interpreting the design 
load in terms of equivalent square feet of radiation. 

bSee also Time Analysis in Starting Heating Apparatus, by Ralph C. Taggert (A.S.H.V.E. Transac- 
tions, Vol. 19, 1913, p. 292); Report of A.S.H.V.E. Continuing Committee on Codes for Testing and Rating 
Steam Heating Solid Fuel Boilers (A.S.H.V.E. Transactions, Vol. 36, 1930, p. 36); Selecting the Right 
Size Heating Boiler, by Sabin Crocker eating, Fi-ping and Air Conditioning, March, 1932). 

oThis table refers to hand-fired, solid fuel boilers. A factor of 20 per cent over design load is adequate 
when automatically-&:ed fuels are used (see Fig. 1). 
d240 Btu per square foot. 

in the various spaces of the building to be heated, which reserve, however, 
is not in use at all places at the same time, or in any one place at all times. 
For a further discussion of this subject see Chapter 5. 

Hot Water Supply Load 

When the hot water supply (Item 2) is heated by the building heating 
boiler, this load must be taken into consideration in sizing the boiler. The 
allowance to be made will depend on the amount of water heated and its 
temperature rise. A good approximation is to add 4 sq ft of equivalent 
radiation for each gallon of water heated per hour through a temperature 
range of 100 F. For more specific information, see Chapter 46. 

Piping Tax (Item 3) 

It is common practice to add a flat percentage allowance to the 
equivalent connected radiation to provide for the heat loss from bare and 
covered pipe in the supply and return lines. The use of a flat allowance of 
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25 per cent for steam systems and 35 per cent for hot water systems is 
preferable to ignoring entirely the load due to heat loss from the supply 
and return lines, but better practice, especially when there is much bare 
pipe, is to compute the emission from both bare and covered pipe surface 
in accordance with data in Chapter 43. A chart is shown in Fig. 1 indicat- 
ing percentage allowances for piping and warming-up which are appli- 
cable to automatically-fired heating plants using steam radiation. With 
direct radiation served by bare supply and return piping the percentages 
may be higher than those stated, while in the case of unit heaters where 
the output is concentrated in a few locations, the piping tax may be 
10 per cent or less. 

Warming-Up Allowance 

The warming-up allowance represents the load due to heating the boiler 
and contents to operating temperature and heating up cold radiation and 
piping. (See Item 4.) The factors to be used for determining the 



Fig. 1. Percentage Allowance for Piping and Warming-up 

allowance to be made should be selected from Table 3 and should be 
applied to the estimated design load as determined by Items 1, 2 and 3. 
While in every case the estimated maximum load will exceed the design 
load if adequate heating response is to be achieved, there is, however, no 
object in over-estimating the allowances, as the only effect would be to 
reduce the time of warming-up by a few minutes. Otherwise, it might 
result in firing the boiler unduly and increasing the cost of operation. 

Performance Curves for Boiler Selection 

In the selection of a boiler to meet the estimated load, the A.S.H.V.E. 
Standard Code for Rating Steam Heating Solid Fuel Hand-Fired Boilers 
recommends the use of performance curves based on actual tests con- 
ducted in accordance with the A.S.H.V.E. Performance Test Code for 
Steam Heating Solid Fuel Boilers (Code No. 3), similar to the typical 
curves shown in Fig. 2. It should be understood that performance data 
apply to test conditions and that a reasonable allowance should be made 
for decreased output resulting from soot deposit, poor fuel or inefficient 
attention. 
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Selection Based on Heating Surface and Grate Area 

Where performance curves are not available, a good general rule for 
conventionally-designed boilers is to provide 1 sq ft of boiler heating 
surface for each 14 sq ft of equivalent radiation (240 Btu per square foot) 
represented by the design load consisting of connected radiation, piping 
tax and domestic water heating load. As stated in the section on Boiler 
Output, this is equivalent to allowing 10 sq ft of boiler heating surface per 



boiler horsepower. In this case it is assumed that the maximum load 
including the warming-up allowance will be provided for by operating the 
boiler in excess of the design load, that is, in excess of the 100 per cent 
rating on a boiler-horsepower basis. 

Due to the wide variation encountered in manufacturers’ ratings for 
boilers of approximately the same capacity, it is advisable to check the 
grate area required for heating boilers burning solid fuel by means of the 
following formula : 

^ _ H . 

CX FXE 
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where 

G = grate area, square feet. 

H — required total heat output of the boiler, Btu per hour (see Selection of Boilers, 
p. 242). 

C = combustion rate in pounds of dry coal per square foot of grate area per hour, 
depending on the kind of fuel and size of boiler as given in Table 1. 

F = calorific value of fuel, Btu per pound. 

E ~ efficiency of boiler, usually taken as 0.60. 

Example 1. Determine the ^ate area for a required heat output of the boiler of 
500,000 Btu per hour, a combustion rate of 6 lb per hour, a calorific value of 13,000 Btu 
per pound, and an efficiency of 60 per cent. 


500,000 

6 X 13,000 X 0.60 


10.7 sq ft 


The boiler selected should have a grate area not less than that deter- 
mined by Formula 4. With small boilers where it is desired to provide 
sufficient coal capacity for approximately an eight-hour firing period plus 
a 20 per cent reserve for igniting a new charge, more grate area may be 
required depending upon the depth of the fuel pot. 

Selection of Steel Heating Boilers 

Ratings obtained from the previously mentioned Steel Heating Boiler 
Institute code are intended to correspond with the estimated design load 
based on the sum of items 1, 2 and 3 outlined on page 242. Boilers 
with less than 128 sq ft of heating surface are classified as residence size. 
An insulated residence boiler for oil or gas, not convertible, may carry 
a net load expressed in square feet of steam radiation of not more 
than 17 times the square feet of heating surface in the boiler, provided the 
boiler manufacturer guarantees it to be capable of operating at a maxi- 
mum output of not less than 150 per cent of net load rating with overall 
efficiency of not less than 75 per cent with at least two different makes 
of each type of standard commercial burner recommended by the boiler 
manufacturer. If the heat loss from the piping system exceeds 20 per cent 
of the installed radiation, the excess is to be considered as a part of the 
net load. 

When the estimated heat emission of the piping (connecting radiation, 
and other apparatus to the boiler) is not known the net load to be con- 
sidered for the boiler may be determined from Table 2. 


Selection of Gas- Fired Boilers 

Gas-heating appliances should be selected in accordance with the 
percentage allowances given in Fig. 1. These factors are for thermo- 
statically-controlled systems; in case manual operation is desired, a 
warming-up allowance of 100 per cent is recommended by the A,G.A, 
A gas boiler selected by the use of theA,G,A, factors will be the minimum 
size boiler which can carry the load. From a fuel economy standpoint, it 
may be advisable to select a somewhat larger boiler and then throttle the 
gas and air adjustments as required. This will tend to give a low stack 
temperature with high efficiency and at the same time provide reserve 
capacity in case the load is under-estimated or more is added in the future. 
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Conversions 

The conversion of a coal or oil boiler to gas burning is simpler than the 
reverse since little furnace volume need be provided for the proper com- 
bustion of gas. When a solid fuel boiler of 500 sq ft (or less) capacity is 
converted to gas burning, the necessary gas heat units should be approxi- 
mately double the connected load. The presumption for a conversion 
job is that the boiler is installed and probably will not be made larger; 
therefore, it is a matter of setting a gas-burning rate to obtain best results 
with the available surface. Assuming a combustion efficiency of 75 per 
cent for a conversion installation the boiler output would be 2 X 0.75 
= 1.5 times the connected load, which allows 50 per cent for piping tax 
and pickup. In converting large boilers, the determination of the re- 
quired Btu input should not be done by an arbitrary figure or factor but 
should be based on a detailed consideration of the requirements and 
characteristics of the connected load. 

An efficient conversion installation depends upon the proper size of 
flue connection. Often the original smoke breeching between the boiler 
and chimney is too large for gas firing, and in this case, flue orifices can be 
used. They are^ discs provided with an opening of the size for the gas 
input used in this boiler. The size should be based on 1 sq in. of flue area 
for each 7500 hourly Btu input. 

If dampers are found in the breeching they should be locked in position 
so that they will not interfere with the normal operation of the gas burners 
at maximum flow. In the case of large boiler conversions, automatic 
damper regulators proportion the position of the flue dampers to the 
amount of gas flowing and may be substituted for existing dampers. 
Generally in residence conversions automatic dampers are not of the 
proportioning type but close the flue during the off periods of the gas 
burners. Automatic shut-off dampers should be located between the 
back draft diverter and the chimney flue. Automatic dampers are usually 
designed to operate with electric contact mechanism, but frequently an 
arrangement is utilized which functions with mechanical fluid or gas 
pressure. 

Physical Limitations 

As it will usually be found that several boilers will meet the speci- 
fications, the final selection may be influenced by other considerations, as : 

1. Dimensions of boiler. 

2. Durability under service. 

3. Convenience in firing and cleaning, 

4. Adaptability to changes in fuel and kind of attention. 

5. Height of water line. 

In large installations, the use of several smaller boiler units instead of 
one larger one will obtain greater flexibility and economy by permitting 
the operation, at the best efficiency, of the required number of units 
according to the heat requirements. 

Space Limitations 

Boiler rooms should, if possible, be situated at a central point with 
respect to the building and should be designed for a maximum of natural 
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light. The space in front of the boilers should be sufficient for firing, 
stoking, ash removal and cleaning or renewal of flues, and should be at 
least 3 ft greater than the length of the boiler firebox. 

A space of at least 3 ft should be allowed on at least one side of every 
boiler for convenience of erection and for accessibility to the various 
dampers, cleanouts and trimmings. The space at the rear of the boiler 
should be ample for the chimney connection and for cleanouts. With 
large boilers the rear clearance should be at least 3 ft in width. 

The boiler room height should be sufficient for the location of boiler 
accessories and for proper installation of piping. In general the ceiling 
height for small steam boilers should be at least 3 ft above the normal 
boiler water line. With vapor heating, especially, the height above the 
boiler water line is of vital importance. 

When steel boilers are used, space should be provided for the removal 
and replacement of tubes. 

CONNECTIONS AND FITTINGS 

Steam or water outlet connections preferably should be the full size of 
the manufacturers* tappings in order to keep the velocity of flow through 
the outlet reasonably low and avoid fluctuation of the water line and 
undue entrainment of moisture, and should extend vertically to the 
maximum height available above the boiler. 

Particular attention should be given to fitting connections to secure con- 
formity with the A.S.M.E. Boiler Construction Code for Low Pressure 
Heating Boilers. Attention is called in particular to pressure gage piping, 
water gage connections and safety valve capacity. 

Steam gages should be fitted with a water seal and a shut-off consisting 
of a cock with either a tee or lever handle which is parallel to the pipe 
when the cock is open. Steam gage connections should be of copper or 
brass when smaller than 1 in. if the gage is more than 5 ft from the 

boiler connection, and also in any case where the connection is less than 
y 2 in. 7.P.5. 

Each steam or vapor boiler should have at least one water gage glass and 
two or more gage cocks located within the range of the visible length of the 
glass. The water gage fittings or gage cocks may be directly connected to 
the boiler, if so located by the manufacturer, or may be mounted on a 
separate water column. No connections, except for combustion regu- 
lators, drains or steam gages, should be placed on the pipes connecting 
the water column and the boiler. If the water column or gage glass is con- 
nected to the boiler by pipe and fittings, a cross, tee or equivalent, in which 
a cleanout plug or a drain valve and piping may be attached, should be 
placed in the water connection at every right-angle turn to facilitate 
cleaning. The water line in steam boilers should be carried at the level 
specified by the boiler manufacturer. 

Safety valves should be capable of discharging all the steam that can be 
generated by the boiler without allowing the pressure to rise more than 
5 lb above the maximum allowable working pressure of the boiler. This 


*A.S.M.E. Code, Identification of Piping Systems. 
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should be borne in mind particularly in the case of boilers equipped with 
mechanical stokers or oil burners where the amount of grate area has 
little significance as to the steam generating capacity of the boiler. 

Where a return header is used on a cast-iron sectional boiler to distribute 
the returns to both rear tappings, it is advisable to provide full size 
plugged tees instead of elbows where the branch connections enter the 
return tappings. This facilitates cleaning sludge from the bottom of the 
boiler sections through the large plugged openings. An equivalent clean- 
out plug should be provided in the case of a single return connection. 

Blow-off or drain connections should be made near the boiler and so 
arranged that the entire system may be drained of water by opening the 
drain cock. In the case of two or more boilers separate blow-off connec- 
tions must be provided for each boiler on the boiler side of the stop valve 
on the main return connection. 

Water service connections must be provided for both steam and water 
boilers, for refilling and for the addition of make-up water to boilers. This 
connection is usually of galvanized steel pipe, and is made to the return 
main near the boiler or boilers. 

For further data on pipe connections for steam and hot water heating 
systems, see Chapters 15 and 16 and the A.S,M.E. Boiler Construction 
Code for Low Pressure Heating Boilers. 

Smoke Breeching and Chimney Connections. The breeching or smoke 
pipe from the boiler outlet to the chimney should be air-tight and as short 
and direct as possible, preference being given to long radius and 45-deg 
instead of 90-deg bends. The breeching entering a brick chimney should 
not project beyond the flue lining and where practicable it should be 
grouted from the inside of the chimney. A thimble or sleeve grout 
usually is provided where the breeching enters a brick chimney. 

Where a battery of boilers is connected into a breeching each boiler 
should be provided with a tight damper. The breeching for a battery 
of boilers should not be reduced in size as it goes to the more remote 
boilers. Good connections made to a good chimney will usually result in 
a rapid response by the boilers to demands for heat. 

ERECTION, OPERATION, AND MAINTENANCE 

The directions of the boiler manufacturer always should be read before 
the assembly or installation of any boiler is started, even though the 
contractor may be familiar with the boiler. All joints requiring boiler 
putty or cement which cannot be reached after assembly is complete 
must be finished as the assembly progresses. 

The following precautions should be taken in all installations to prevent 
damage to the boiler: 

1. There should be provided proper and convenient drainage connections for use if 
the boiler is not in operation during freezing weather. 

2. Strains on the boiler due to movement of piping during^ expansion should be 
prevented by suitable anchoring of piping and by proper provision for pipe expansion 
and contraction. 

3. Direct impingement of too intense local heat upon any part of the boiler surface, 
as with oil burners, should be avoided by protecting the surface with firebrick or other 
refractory material. 
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4. Condensation must flow back to the boiler as rapidly and uniformly as possible. 
Return connections should prevent the water from backing out of the boiler. 

5. Automatic boiler feeders and low water cut-off devices which shut off the source 
of heat if the water in the boiler falls below a safe level are recommended for boilers 
mechanically fired. 

Boiler Troubles 

A complaint regarding boiler operation generally will be found to be 
due to one of the following: 

1. The toiler fails to deliver enough heat The cause of this condition may be: {a) poor 
draft; (6) poor fuel; (c) inferior attention or firing; (d)^ boiler too small; {e) improper 
piping; (j) improper arrangement of sections; (g) heating surfaces covered with soot; 
and (ji) insufficient radiation installed. 

2. The water line is unsteady. The cause of this condition may be: [a) grease and dirt 
in boiler; (6) water column connected to a very active section and, therefore, not 
showing actual water level in boiler; and (c) boiler operating at excessive output. 

3. Water disappears from gage glass. This may be caused by: (a) priming due to 
grease and dirt in boiler; (Jb) too great pressure difference between supply and return 
piping preventing return of condensation; (c) valve closed in return line; (d) connection 
of bottom of water column into a very active section or thin waterway; and (e) improper 
connections between boilers in battery permitting boiler with excess pressure to push 
returning condensation into boiler with lower pressure. 

4. Water is carried over into steam main. This may be caused by: (a) grease and dirt 
in boiler; (6) insufficient steam dome or too small steam liberating area; (c) outlet con- 
nections of too small area; (d) excessive rate of output; and water level carried 
higher than specified. 

5. Boiler is slow in response to operation of dampers. This may be due to: (a) poor 
draft resulting from air leaks into chimney or breeching; {h) inferior fuel; (c) inferior 
attention; (d) accumulation of clinker on grate; and (e) boiler too small for the load. 

6. Boiler requires too frequent cleaning of flues. This may be due to: (a) poor draft; 
(&) smoky combustion; (c) too low a rate of combustion; and (d) too much excess air 
in firebox causing chilling of gases. 

7. Boiler smokes through fire door. This may be due to: {a) defective draft in chimney 
or incorrect setting of dampers; (&) air leaks into boiler or breeching; (c) gas outlet from 
firebox plugged with fuel; (d) dirty or clogged flues; and {e) improper reduction in 
breeching size. 

8. Low carton dioocide. This may be due on oil burning boilers to: {a) improper ad- 
justment of the burner; (Jb) leakage through the boiler setting; (c) improper fire caused 
by a fouled nozzle; or (d) to an insufficient quantity of oil being burned. 

Cleaning Steam Boilers 

All boilers are provided with flue clean-out openings through which the 
heating surface can be reached by means of brushes or scrapers. Flues 
of solid fuel boilers should be cleaned often to keep the surfaces free of 
soot or ash. Gas boiler flues and burners should be cleaned at least once 
a year. Oil burning boiler flues should be examined periodically to deter- 
mine when cleaning is necessary. 

The grease used to lubricate the cutting tools during erection of new 
piping systems serves as a carrier for sand and dirt, with the result that 
a scum of fine particles and grease accumulates on the surface of the 
water in all new boilers, while heavier particles may settle to the bottom 
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of the boiler and form sludge. These impurities have a tendency to cause 
foaming, preventing the generation of steam and causing an unsteady 
water line. 

This unavoidable accumulation of oil and grease should be removed 
by blowing off the boiler as follows: If not already provided, install a 
surface blow connection of at least in. nominal pipe size with outlet 
extended to within 18 in. of the floor or to sewer, inserting a valve in line 
close to boiler. Bring the water line to center of outlet, raise steam pres- 
sure and while fire is burning briskly open valve in blow-off line. When 
pressure recedes, close valve and repeat process adding water at intervals 
to maintain proper level. As a final operation bring the pressure in the 
boiler to about 10 lb, close blow-off, draw the fire or stop burner, and open 
drain valve. After boiler has cooled partly, fill and flush out several times 
before filling it to proper water level for normal service. The use of soda, 
or any alkali, vinegar or any acid is not recommended for cleaning heating 
boilers because of the difficulty of complete removal and the possibility 
of subsequent injury, after the cleaning process has been completed. 

Insoluble compounds have been developed which are effective, but 
special instructions on the proper cleaning compound and directions for 
its use in a boiler, as given by the boiler manufacturer, should be carefully 
followed. 

It is common practice when starting new installations to discharge 
heating returns to the sewer during the first week of operation. This 
prevents the passage of grease, dirt or other foreign matter into the boiler 
and consequently may avoid the necessity of cleaning the boiler. During 
the time the returns are being passed to the sewer, the feed valve should 
be cracked sufficiently to maintain the proper water level in the boiler. 

Care of Idle Heating Boilers 

Heating boilers are often seriously damaged during summer months 
due chiefly to corrosion resulting from the combination of sulphur from 
the fuel with the moisture in the cellar air. At the end of the heating 
season the following precautions should be taken : 

1. All heating surfaces should be cleaned thoroughly of soot, ash and residue, and the 
heating surfaces of steel boilers should be given a coating of lubricating oil on the fire 
side. 

2. All machined surfaces should be coated with oil or grease. 

3. Connections to the chimney should be cleaned and in case of small boilers the pipe 
should be placed in a dry place after cleaning. 

4. If there is much moisture in the boiler room, it is desirable to drain the boiler to 
prevent atmospheric condensation on the heating surfaces of the^ boiler when they are 
below the dew-point temperature. Due to the hazard of some one inadvertently building 
a fire in a dry boiler, however, it is safer to keep the boiler filled with water. A hot water 
system usually is left filled to the expansion tank. 

5. The grates and ashpit should be cleaned. 

6. Clean and repack the gage glass if necessary. 

7. Remove any rust or other deposit from exposed surfaces by scraping with a wire 
brush or sandpaper. After boiler is thoroughly cleaned, apply a coat of preservative 
paint where required to externgd parts normally painted. 

8. Inspect all accessories of the boiler carefully to see that they are in good working 
order. In this connection, oil all door hinges, damper bearings and regulator parts. 
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BOILER INSULATION 

Insulation for cast-iron boilers is of two general types: (1) plastic 
material or blocks wired on, cemented and covered with canvas or duck; 
and (2) blocks, sheets or plastic material covered with a metal jacket 
furnished by the boiler manufacturer. Self-contained steel firebox boilers 
usually are insulated with blocks, cement and canvas, or rock wool 
blankets; HRT boilers are brick set and do not require insulation beyond 
that provided in the setting. It is essential that the insulation on a boiler 
and adjacent piping be of non-combustible material as even slow-burning 
insulation constitutes a dangerous fire hazard in case of low water in 
the boiler. 
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RADIATORS AND CONVECTORS 


Heat Emission of Radiators and Convectors, Types of Radi- 
ators, Output of Radiators, Heating Effect, Heating Up the 
Radiator and Convector, Enclosed Radiators, Convectors, 
Selection, Code Tests,* Gravity-Indirect Heating Systems 

T he accepted terms for heating units are: (1) radiators, for direct 
surface heating units, either exposed, enclosed, or shielded, which 
emit a large percentage of their heat by radiation ; and (2) convectors, for 
heating units having a large percentage of extended fin surface and which 
emit heat principally by convection. Convectors are dependent upon 
enclosures to provide the circulation by gravity of large volumes of air. 

HEAT EMISSION OF RADIATORS AND CONVECTORS 

Most heating units emit heat by radiation and convection. The re- 
sultant heat from these processes depends upon whether or not the heating 
unit is exposed or enclosed and upon the contour and surface charac- 
teristics of the material in the units. 

An exposed radiator emits less than half of its heat by radiation, the 
amount depending upon the size and number of sections. When the 
radiator is enclosed or shielded, radiation is further reduced. The balance 
of the emission is by conduction to the air in contact with the heating 
surface, and the resulting circulation of the air warms by convection. 

A convector emits practically all of its heat by conduction to the air 
surrounding it and this heated air is in turn transmitted by convection to 
the rooms or spaces to be warmed, the heat emitted by radiation being 
negligible. 

TYPES OF RADIATORS 

Present day radiators may be classified as tubular, wall, or window 
types, and are generally made of cast-iron. There are two types of tubu- 
lar radiators available, that known as large-tube which has a spacing of 
23 ^ in. per section, and that known as small-tube which has a spacing of 
in. per section. The tubes in the latter type of radiator are materially 
smaller than those in the large-tube type. Small-tube radiators occupy 
less space and are particularly suited for installation in recesses. 

In 1939, after a complete study of the demand for various sizes of 
radiators, the Institute of Boiler and Radiator Manufacturers, acting for 
the manufacturers, in cooperation with the Division of Simplified Practice, 
National Bureau of Standards, established Simplified Practice Recom- 
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Table 1. Sizes — Large-Tube Cast-Iron Radiators 

Sectional, cast-iron, tubular-type radiators of the IcLrge-tube pattern, that is, having tubes 
approximately 1^ in. in diameter 


Number 

OF 

Tubes 

PER 

Section 

CAT.4.LOG 

Rating 

PER 

SECTIONa 

Section DiMENSioNsb 

Radiator 

Length 

(Sections 

PER 

Radiator) d 

A 

Height 

B 

Width 

c 

spacing 

D 

Leg 

Heightc 

Minimum 

Maximum 

Sq Ft 

In. 

In. 

In 

In. ! 

In. 



23 

6M 

61% 

2J^ 

4H 

As Required 

A 

m 

26 


6'% 

2}^ 

4K 

Do 



32® 


61% 

2}^ 

43^ 

Do 


■ 

38f 

6K 

61% 

23^ 

4K 

Do 


2% 

20 

8 

8% 

2^1 

43^ 

Do 


3 

23 

8 

8% 


43^ 

Do 

5 

m 

26 

8 

8% 


43^ 

Do 



32e 

8 

8% 

2J^h 

43^ 

Do 


5 

38f 

8 

8% 


43^ 

Do 


4 

26 

9 

lOH 


43^ 

Do 

0 

6 

38f 

9 

lOVs 

2Ji 

43^ 

Do 

7 

2^ 

14g 

11^ 

12% 

2J^ 

3 

Do 



20 

im 

12% 

2J^ 

3 or 4J^ 

Do 


aThe square foot of equivalent direct steam radiation is defined as the ability to emit 240 Btu per hour, 
with steam at 215 F m air at 70 F. These ratings apply only to radiators installed exposed in a normal 
manner; not to radiators installed behind enclosures, grilles, etc. (See A.S.H.V.E. Code for Testing Radiators.) 
bSee Fig. 1. 

cWhere greater than standard leg heights are required, this dimension shall be 6 in., except for 7-tube 
sections, in heights from 13 to 20 in., inch for which this dimension shall be in. Radiators may be 
furnished without legs. 

dMaximum assembly 60 sections. 

eAlternate height by 1 producer is 30 in. 

f Alternate height by 2 producers is 36 in.; by another, 37 in. 

gAltemate height by 1 producer is 13 in ; by 2 producers 13H in.; by another, 15 in. 

hFor 5-tube hospital-type radiation, this dimension is 3 in. 


Fig. 1. 
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Types and Dimensions of Large-Tube Cast-Iron Radiators 
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mendation R174-40 for large-tube cast-iron radiators. A program is now 
in progress for the establishment of a similar recommendation for small- 
tube cast-iron radiators. Tables 1 and 2, and Figs. 1 and 2 show the 
sizes and dimensions of large-tube and small-tube cast-iron radiators 
which are being manufactured at the present time. 

Pipe coils are assemblies of standard pipe or tubing (1 in. to 2 in.) which 

Table 2. Sizes — Small-Tube Cast-Iron Radiators 


Number 

OP 

Tubes 

PER 

Section 

Catalog 

Rating 

PER 

Sections 

Section DiMENSiONsb 

Radiator 

Length 

(Sections 

per 

Radiator) u 

1 A 

Heightc 

B 

Width j 

c 

Spacing 

D 

Leg 

Heightc 

Minimum 

1 

Maximum 

Sq Ft 

In 

In. 

In. 

In. 

In. 

3e 

1.6 

25 

3M 

3% 

1% 


As Required 


1.6 

19 

4% 

413^6 

m 

2% 

Do 

4e 

1.8 

22 

4% 

1 41516 

IH 

2J^ 

Do 


2.0 

25 

4:146 

1 41516 

IM 

2J4 

Do 


2.1 

22 

5H 

6% 

IH 

2% 

Do 

5^ 

2,4 

25 

5H 

6% 

1% 

2% 

Do 


3.0 

32 

5H 

6% 

1% 

2% 

Do 


1.6 

14 

6^6 

8 

1% 

2% 

Do 

fie 

2.3 

19 

6154 

8 

IH 

2% 

Do 

O'" 

3.0 

25 

61 % 

8 

1% 

2% 

Do 


3.7 

32 

61% 

8 

IH 

2% 

Do 


aThe square foot of equivalent direct steam radiation is defined as the ability to emit 240 Btu per hour, 
with steam at 215 F, in air of 70 F. These ratings apply only to radiators installed exposed in a normal 
manner; not to radiators installed behind enclosures, grilles, etc. (See A.S.H.V.E. Code for Testing Radia- 
tors.) 

bSee Fig. 2. 

coverall height and leg height, as produced by some manufacturers is one inch (1 in.) greater than shown 
in columns A and D. Radiators may be furnished without legs. 
dEven number of sections. Maximum assembly 60 sections. 
eOr equal. 



Fig. 2. Types and Dimensions of Small-Tube Cast-Iron Radiators 
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are used as radiators. In older practice these coils were commonly used 
in factory buildings, but now wall type radiators are most frequently used 
for this service. When coils are used, the miter type assembly is to be 
preferred as it best cares for expansion in the pipe. Cast manifolds or 
headers, known as branch tees, are available for this construction. 

OUTPUT OF RADIATORS 

The output of a radiator can be measured only by the heat it emits. 
The old standard of comparison used to be square feet of actual surface, 
but since the advance in radiator design and proportions, the surface area 
alone is not a true index of output. (The engineering unit of output is the 
Mbh or 1000 Btu per hour.) However, during the period of transition 
from the old to the new, radiators may be referred to in terms of equivalent 
square feet For steam service this is based on an emission of 240 Btu 
per hour per square foot and for hot water service 150 Btu per hour per 
square foot. 

Wall radiators are now rated in terms of equivalent square feet, the 
same as large-tube and small-tube radiators. Tests have shown that the 
heat emitted from a wall-type radiator may be reduced from 5 to 10 per 
cent if the radiator is placed near the ceiling with the bars horizontal and 
in an air temperature exceeding 70 F. When radiators are placed near 
the ceiling, there is usually such a large difference in the temperature 
between the floor level and the ceiling that it becomes difficult to heat the 
living zone of the room satisfactorily. 

The heat emission of pipe coils placed vertically on a wall with the 
pipes horizontal is given in Table 3. This has been developed from avail- 
able data and does not represent definite results of tests. For such coils 
the heat emission varies as the height of the coil. The heat emission of 
each pipe of ceiling coils, placed horizontally, is about 126 Btu, 156 Btu, 
and 175 Btu per linear foot of pipe, respectively, for 1-in., and 

lJ4-in. coils. 

Effect of Paint 

The prime coat of paint on a radiator has no material effect on the heat 
output, but the finishing coat may influence the radiation emission and 
thus affect the heat output. Within the range of temperatures at which 

Table 3. Heat Emission of Pipe Coils Placed Vertically on a Wall (Pipes 
Horizontal) Containing Steam at 215 F and Surrounded with Air at 70 F 


Btu per linear foot of coil per hour {not linear feet of pipe) 


Size of Fife 

1 

llN. 

llilN. 

\H In. 

Single row 

132 

162 

185 


252 

312 

348 

Ff)iir_._ 

440 

545 

616 

Siv . ^ 

567 

702 

793 

Righf 

651 

796 

907 

Tpin __ _ _ 

732 

907 

1020 

TwpIvp _ 

812 

1005 

1135 



256 




CHAPTER 13. RADIATORS AND CONVECTORS 


Table 4. Effect of Painting 32-in. Three Column, Six-Section 
Cast-Iron Radiators 


Radiator 

No. 

i 

Finish 

i 

! Area 
SqFt 

Coefficient 

OF Heat Trans. ' 
Bttj 

Relative 
Heating Value 
Per Cent 

1 

Bare iron, foundry finish 

27 

1.77 

100.5 

2 

One coat of aluminum bronze 

27 

1.60 

90.8 

3 

Gray paint dipped 

27 

1.78 1 

101.1 

4 

One coat dull black heat resistant paint.... 

27 

1.76 

1 1 

100.0 


^Comparative Tests of Radiator Finishes, by W. H. Sevems (A.S.H.V.E. Transactions, Vol. 33, 
1927. p. 41). 


radiators operate, color has no appreciable influence on the radiation 
emitted. Thus, finishing coats of oil paints of various colors will give the 
same results. However, a bronze paint, applied as the finish coat will 
change the character of the surface and reduce the amount of heat emitted 
by radiation. No paint has a noticeable effect on the portion of heat 
which is given off by convection. The larger the proportion of direct 
radiating surface, the greater will be the effect of any finish coat of paint 
which changes the character of the surface. Available tests are on old- 
style column type radiators which give results as shown in Table 4. 

Effect of Superheated Steam 

Available research data indicate that there is probably a decrease in 
heat transfer rate for a radiator or gravity convector with superheated 
steam in comparison with saturated steam at the same temperature. 
The decrease is probably small for low temperatures of superheats and 
additional tests are necessary with varying degrees of superheat to 
establish accurate comparisons for all types of radiators and convectors^, 

. HEATING EFFECT 

For several years the heating effect of radiators has been considered by 
engineers in order to use it for the rating of radiators and in the design of 
heating systems. Heating effect is the useful output of a radiator, in the 
comfort zone of a room, as related to the total input of the radiator^. 

No standard method for evaluating the heating effect of radiators and 
convectors and correlating it with comfort has yet been accepted. One 
method, with test data® on radiators and convectors, and making use of 
the eupatheoscope for evaluating the environment produced has been 
suggested by the University of Illinois. The principle underlying the 
eupatheoscope involves the measurement of the heat loss from a sizable 
body by radiation and convection, when the surface is maintained at 
some constant temperature. Through the use of this instrument and its 
calibration curve, non-uniform environments may be referred to uniform 
environments in which the air and all surrounding surfaces are at the 


iTests of Radiators with Superheated Steam, by R. C. Carpenter (A.S.H.V.E. Transactions, VoL 7, 
1901, p. 206). 

»The Heating Effect of Radiators, by Dr. Charles Brabbe6 (A.S.H.V.E. Transactions, Vol. 33, 1927, 
p. 33). 

>A.S.H.V.E. Research Report No. 962 — The Application of the Eupatheoscope for Measuring the 
Performance of Direct Radiators and Convectors in Terms of Equivalent Temperature, by A. C. Willard. 
A. P, Kratz and M. K, Fahnestock (A.S.H.V.E. Transactions, Vol. 39, 1933, p. 303). 
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same temperature. The temperatures of the uniform environments are 
referred to as equivalent temperatures. 

Data given in Fig. 3 shows that while the air temperature at the 30 in. 
level is the same for the three convectors and the one large-tube cast-iron 
radiator, in position No. 3 in the test room, the equivalent temperature 
is 1,5 F lower than the air temperature in the case of the three convectors, 
and the same as the air temperature in the case of the radiator. The 
difference between the minimum and the maximum amount of heat 
required to maintain the common air temperature at the 30 in. level is 
of the order of 13 per cent. 

In Fig. 4 are shown the results of tests made with the same three 
convectors and the one large-tube cast-iron radiator, so adjusted in size 
that each gave approximately the same equivalent temperature in the 
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Fig. 3. Room Temperature Gradients and Equivalent Temperatures for a 
Direct C. I. Radiator and Three Convectors with a Common 
30-in. Level Temperature 


No. 3 position in the test room. The difference between the miminum 
and the maximum amount of heat required to maintain the common 
equivalent temperature is of the order of 7 per cent. The following 
conclusions are given from the results of these tests: 

1. The eupatheoscope affords a means of evaluating the combined effect of radiation 
and convection in a given environment in terms of a standard environment and in some 
terms related to human comfort. 

2. Future investigation should be undertaken to correlate the readings of the eupathe- 
oscope with a more definite standard of comfort based on a consideration of all of the 
physical and physiological aspects of the problem. 

3. The readings of the eupatheoscope serve as a means of ranking various heating 
units in the order of the relative heating effects produced. 

4. The steam condensation obtained when the equivalent temperature is maintained 
at 68 F at the 30 in. level is a measure of the effectiveness of different types of heating 
units in providing for human comfort; lower condensations corresponding to greater 
effectiveness. 

5. The proximity of cold walls has an appreciable effect on the degree of comfort as 
determined by the eupatheoscope. 
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The Kata thermometer^, the thermO“integrator^ and the globe^ ther- 
mometer are other instruments which have been used to measure the in- 
fluence of air temperature, air movement and radiation in an environment. 

The following statements applying to the use of radiators are based on 
experience and test results: 

1. The heating effect of a radiator cannot be judged solely by the amount of steam 
condensed within the radiator. 

2. Smaller floor-to-ceiling temperature differentials can be maintained with long, low, 
thin, direct radiators, than is possible with high, direct radiators. 

3. The larger portion of the floor-to-ceiling temperature differential in a room of 
average ceiling height heated with direct radiators occurs between the floor and the 
breathing level. 

4. The comfort level (approximately 2 ft-6 in. above floor) is below the breathing line 
level (approximately 5 ft-0 in. above floor), and temperatures taken at the breathing 
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Fig. 4. Room Temperature Gradients and Equivalent Temperatures for a 
Direct C. I. Radiator and Three Convectors with a Common 
Equivalent Temperature 

line may not be indicative of the actual heating effect of a radiator in the room. The 
comfort-indicating temperature should be taken below the breathing line level. 

5. High column radiators placed at the sides of window openings do not produce as 
comfortable heating effects as long, low, direct radiators placed beneath window 
openings. 

HEATING UP THE RADIATOR AND CONVECTOR 

The maximum condensation occurs in a heating unit when the steam 
is first turned on®. Fig. 5 shows a typical curve for the condensation rate 


*The Kata Thermometer Its Value and Defects, by W. J. McConnell and C. P. Yagloglou. (Reprint 
No. 963 from U. S. Publtc Health Service Report, pp. 2293-2337, September 5, 1924). 

®The Thermo-Integrator — A New Instrument for the Observation of Thermal Interchanges, by C.-E. A. 
Winslow and Leonard Greenburg (A.S.H.V.E. Transactions, Vol. 41, 1935, p. 149). 

®The Calibration of the Thermo-Integrator, by C.-E. A. Winslow, A. P. Gagge, L. Greenburg, I. M. 
Moriyama and E. J. Rodee. (T/ie American Journal of Hygiene, Vol. 22, No. 1, July, 1935, pp. 137-156.) 

^The Globe Thermometer in Studies of Heating and Ventilation, by T. Bedford and C. G. Warner. 
{The Journal of Hygiene, Vol. 34, No, 4.) 

®A.S.H.V.E. Research Report No. 1067 — The Cooling and Heating Rates of a Room with Different 
Types of Steam Radiators and Convectors, by A. P. Kratz, M. K. Fahnestock and E. L. Broderick 
(A.S.H.V.E. Transactions, Vol. 43, 1937, p. 389). 
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in pounds per hour for the time elapsing after steam is turned into a cast- 
iron radiator. The data are from tests on old-style column type radiators. 
In practice the rate of steam supply to the heating unit while heating up 
is frequently retarded by controlled elimination of air through air valves 
or traps. Automatic control valves may also retard the supply of steam. 
Vacuum types of air venting valves may be used to reduce the length of 
the venting periods. 

ENCLOSED RADIATORS 

The general effect of an enclosure placed about a direct radiator is to 
restrict the air flow, diminish the radiation and, when properly designed, 
improve the heating effect. Investigations^ indicate that in the design 
of the enclosure three things should be considered: 



TIME EUPSED AFTER STEAM TURNED INTO RADIATOR. MINUTES 


Fig. 5. Chart Showing the Steam Demand Rate for Heating Up a Cast-Iron 
Radiator with Free Air Venting and Ample Steam Supply 

1. There should be better distribution of the heat below the breathing line level to 
produce greater heating comfort and lowered ceiling temperatures. 

2. The lessened steam consumption may not materially change the radiator heating 
performance. 

3. The enclosed radiator may inadequately heat the space. 

A comparison between a bare or exposed radiator (4) and the same 
radiator with a well-designed enclosure (5), with a poorly-designed 
enclosure (C), and with a cloth cover (D) will illustrate the relative 
heating effects. In Fig. 6 the curve (B) reveals that the enclosed radiator 
used less steam than the exposed radiator, but gave a satisfactory heating 
performance. A well-designed shield placed over a radiator gives about 
the same heating effect. Curve (C) shows the unsatisfactory effects 
produced by improperly designed enclosures. Curve (D) shows that the 
effect of a cloth cover extending downward 6 in. from the top of the 
radiator was to make the performance unsatisfactory and inadequate. 


“University of Illinois, Engineering Experiment Station Bulletins Nos. 192 and 223, Investigation of 
Heating Rooms with Direct Steam Radiators Equipped with Enclosures and Shields, by A. C. Willard, 
A. P. Kratz, M. K. Fahnestock and S. Konzo (A.S.H.V.E. Transactions, Vol. 35, 1929, p. 77). 
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Some commercial enclosures and shields for use on direct radiators are 
equipped with water pans for the purpose of adding moisture to the air 
in the room. Tests^° show that an average evaporative rate of about 
0.235 lb per square foot of water surface per hour may be obtained from 
such pans, when the radiator is steam hot and the relative humidity in the 
room is between 25 and 40 per cent. This source of supply of moisture 
alone is not adequate to maintain a relative humidity above 25 per cent 
on a zero day. 


CONVECTORS 

Although any standard radiator may be concealed in a cabinet or 
other enclosure so that the greater percentage of heat is conveyed to the 
room by convection thereby resulting in a form of gravity convector, 



Fig. 6. Steam Consumption of Exposed and Concealed Radiators 

generally better results are obtained with specially designed units which 
permit a free circulation of a larger volume of air at moderate tempera- 
tures. Since air stratifies according to temperature, moderate deliveiy 
temperatures at the outlet of the enclosure reduce the temperature dif- 
ferential between the floor and ceiling and accordingly accomplish the 
desired heating effect in the living zone. 

A typical recessed convector is shown in Fig. 7. The heating element 
consisting of a large percentage of fin surface is usually shallow in depth 
and placed low in the enclosure in order to produce maximum chimney 
effect in the enclosure. The air enters the enclosure near the floor line 
just below the heating element, is moderately heated in passing through 
the core and delivered to the room through an opening near the top of 
enclosure. Since the air can only enter the enclosure at the floor line, 
the cooler air in the room which always lies at this level, is constantly 
being withdrawn and replaced by the warmer air. This air movement 


^“University of Illinois, Engineering Experiment Station Bulletin No. 230, p. 20. 
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accomplishes the desired reduction in temperature differentials and 
assures maximum comfort in the living zone. 

The Convector Manufacturers Association has adopted the A.S.H.V.E. 
Standard^^ in the formulation of its ratings and has compiled a tentative 
standard of heating effect allowances for various enclosure heights to be 
included in the ratings by its members. 

All published ratings bearing the title C.M.C, Ratings {Convector Manu- 
facturers Certified Ratings) indicate that the convectors have been tested 
in accordance with the A.S.H.V.E. Code by an impartial and disinterested 
laboratory and that the ratings have been approved by the Standardiza- 
tion Committee of the Convector Manufacturers Association, 

Concealed heaters or convectors are generally sold as completely 
built-in units. The enclosing cabinet should be designed with suitable 



air inlet and outlet grilles to give the heating element its best performance. 
Tables of capacities are catalogued for various lengths, depths and heights, 
and combinations are available in several styles for installations, such as 
the wall-hung type, free-standing floor type, recess type set flush with wall 
or offset, and the completely concealed type. Most of these types may be 
arranged with a top outlet grille in a plane parallel with the floor, although 
the front outlet is practically standard. In cases where enclosures are to 
be used but are not furnished by the heater manufacturer, it is important 
that the proportions of the cabinet and the grilles be so designed that they 
will not impair the performance of the assembled convector. It is impor- 
tant that the enclosure or housing for the convector fit as snugly as pos- 
sible so that the air to be heated must pass through the convector and 
cannot be by-passed in the enclosure. 

The output of a convector, for any given length and depth, is a variable 


iiA.S.H.V.E. Standard Code for Testing and Rating Concealed Gravity Type Radiation (Steam), 
(A.S.H.V.E. Transactions. Vol. 37, 1931, p. 367); (Hot Water), (A.S.H.V.E. Transactions, Vol. 39. 
1933, p. 237). (See also A.S.H.V.E. Transactions, Vol. 41, 1935, p. 38, and Vol. 42, 1936, p. 29). 
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of the height. Published ratings are generally given in terms of equiva- 
lent square feet, corrected for heating effect. However, an extended 
surface heating unit is entirely different structurally and physically from 
a direct radiator and, since it has no area measurement corresponding to 
the heating surface of a radiator, many engineers believe that the per- 
formance of convectors should be stated in Btu. For steam convectors, 
as for radiators, 240 Btu per hour may be taken as an equivalent square 
foot of radiation. When more than one heating unit is used, one mounted 
above the other in the same cabinet, the output of the upper unit or 
units will be materially less than that of the bottom unit. 

RADIATOR AND CONVECTOR SELECTION 

The capacity of a radiator varies as the 1.3 power, and that of a con- 
vector^^ as the 1.5 power of the temperature difference betw^een the heating 
medium and the surrounding air in the case of the radiators, and the 
entering air in the case of the convector. It is obvious that for conditions 
other than the basic ones with the heating medium at a temperature of 
215 F, and the room temperature at 70 F in the case of a radiator, and the 
inlet air temperature at 65 F in the case of a convector, the heat emission 
will be other than 240 Btu per square foot of rating. 

Table 5 shows factors by which radiation requirements, as determined 
by dividing heat load by 240, shall be multiplied to obtain proper radiator 
or convector sizes from published rating tables for room temperatures 
ranging between 60 and 80 F as well as for steam or water temperatures 
from 150 to 300 F. For other room and heating medium temperatures 
the factor is determined by the following formulae: 

For radiators: 

^ /215 - 70\i.3 

\ ts-tr ) 

where 

Cs = correction factor. 
ts = steam temperature, degrees Fahrenheit. 
tr — room temperature, degrees Fahrenheit. 
ti ~ average inlet air temperature, degrees Fahrenheit. 

As previously indicated, the output of radiators and convectors is still 
designated by the terms of older practice, but this is gradually giving place 
to an engineering method of designating heat emission. The A.S.H.V.E. 
has adopted the following standards : Code for Testing Radiators (1927) ; 
Codes for Testing and Rating Concealed Gravity Type Radiation (Steam) , 
1931, and (Hot Water), 1933; (see also A.S.H.V.E. Transactions, Vol. 
41, 1935, p. 38 and Vol. 42, 1936, p. 29). 

For steam services the actual condensation weight is taken without any 
allowance for heating effect; for hot water services the weight of circu- 
lated water is used without allowance for heating effect. In all cases the 
total heat transmission varies as the 1.3 power for radiators^® and the 1.6 
power for convectors^^ of the temperature difference between that inside 


“A.S.H.V.E. Research Report No. 998 — Factors Affecting the Heat Output of Convectors, by A. P. 
Kratz, M, K. Fahnestock, and E. L. Broderick (A.S.H.V.E. Transactions, Vol. 40, 1934, p. i43). 
i*Loc. Cit. Note 11. 
wLoc. Cit. Notes 11 and 12. 


For convectors: 


_ /215 - 65y-6 
\ k-ti ) 


( 1 ) 
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the radiator and the air in the room, and is expressed in Btu or Mb 
per hour. 

Standard test conditions specify either a steam pressure of 1 lb gage 
15.6 lb per square inch absolute (215 F) or an average hot water tempera- 
ture of 170 F and a room temperature of 70 F (5 ft above floor) for 
radiators, or an inlet air temperature of 65 F for convectors. The heating 
capacity of a steam radiator or steam convector is determined as follows: 


Ht = (2) 

where 

Ht = Btu per hour under test conditions. 

PTs = condensation in pounds per hour. 

Afg = latent heat in Btu per pound. 


Table 5. Correction Factors for Direct Cast-Iron Radiators and Convectors* 


Stbam 

Press. 

Apfroz. 

Heatino 

Medium 

Temp.F 

Steam 

OR 

Water 

Factors for Direct 

Cast-Iron Radiators 

Factors for Convectors 

Room Temperature F 

Inlet Am Temperature F 

Gage 
Vacuum 
In. Hg. 

Abs. 

Lb per 
Sqln. 

80 

75 

70 

65 

60 

55 

50 

80 

75 

70 

65 

60 

55 

SO 

22.4 

3.7 

150 

2.58 

2.36 

2.17 

2.00 

1.86 

1.73 

1.62 

3.14 

2.83 

2.57 

2.35 

2.15 

1.98 

1.84 

20.3 

4.7 

160 

2.17 

2.00 

1.86 

1.73 

1.62 

1.52 

1.44 

2.57 

2.35 

2.15 

1.98 

1.84 

1.71 

1.59 

17,7 

6.0 

170 

1.86 

1.73 

1.62 

1.52 

1.44 

1.35 

1.28 

2.15 

1.98 

1.84 

1.71 

1.59 

1.49 

1.40 

14.6 

7.5 

180 

1.62 

1.52 

1.44 

135 

1.28 

1.21 

1.15 

1.84 

1.71 

1.59 

1.49 

1.40 

1.32 

1.24 

10.9 

9.3 

190 

1.44 

1.35 

1.28 

1.21 

1.15 

1.10 

1.05 

1.59 

1.49 

1.40 

1.32 

1.24 

1.17 

1.11 

6.5 

11.5 

200 

1.28 

1.21 

1.15 

1.10 

1.05 

1.00 

0.96 

1.40 

1.32 

1.24 

1.17 

1.11 

1.05 

1.00 

LbperSqIn. 

















1 

15.6 

215 

1.10 

1.05 

1.00 

0.96 

0.92 

0.88 

0.85 

1.17 

1.11 

1.05 

1.00 

0.95 

0.91 

0.87 

6 

21 

230 

0.96 

0.92 

0.88 

0.85 

0.81 

0.78 

0.76 

1.00 

0 95 

0.91 

0 87 

0.83 

0.79 

0.76 

15 

30 

250 

0.81 

0.78 

0.76 

0.73 

0.70 

0.68 

0.66 

0.83 

0.79 

0.76 

0.73 

0.70 

0.68 

0.65 

27 

42 

270 

0.70 

0.68 

0.66 

0.64 

0.62 

0 60 

0.58 

0.70 

0.68 

0.65 

0.63 

0.60 

0.58 

0.56 

52 

67 

300 

0.58 

0.57 

0.55 

0.53 

0.52 

0.51 

049 

0 56 

0 54 

0.53 

0 51 

0.49 

0.48 

0.47 


»To determine the size of a radiator or a convector for a given space, divide the heat loss in Btu per hour 
by 240 and multiply the result by the proper factor from the above table. 

To determine the heating capacity of a radiator or a convector under conditions other than the basic 
ones with the heating medium at a temperature of 215 F, and the room temperature at 70 F in the case of a 
radiator, and the inlet air temperature at 65 F in the case of a convector, divide the heating capacities at the 
basic conditions by the proper factor from the above table. 


Ht may be converted to standard conditions of code ratings by using 
the proper correction factor from the following formulae : 


For radiators: 


For convectors: 


Cs 


215 - 70\1.3 

.Ts - Tr) 


(215 - 65\1.5 

\Ts-^TiJ 


(3) 


The output under standard conditions will be: 


where 


Hs = Ca Ht 


( 4 ) 


Cs = correction factor. 

Ts = steam temperature during test, degrees Fahrenheit. 

Tr = room temperature during test, degrees Fahrenheit. 

Ti == inlet air temperature during test, degrees Fahrenheit. 

Z/s = heat emission rating under standard conditions, Btu per hour. 
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Similarly, for hot water convectors, the output under test conditions may 
be determined as follows: 


where 


H = 


W (6i - 62) 


3600 

t 


(6) 


H = Btu per hour under test conditions. 

W — pounds of water handled during test. 

61 = average temperature of inlet water, degrees Fahrenheit. 

62 = average temperature of outlet water, degrees Fahrenheit. 
t = duration of test, seconds. 



Fig. 8. Gravity-Indirect Heating System 


To convert test results to standard conditions, the following correction 
factor is used: 



It has been shown that when the exponent 1,5 is used the range of error 
is less than 3 per cent^® for convectors. 

“Loc. Cit. Note 12. 
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GRAVITY-INDIRECT HEATING SYSTEMS 

The heating units for this system are usually of the extended surface 
type for steam or hot water, and are installed about as shown in Fig. 8. 
The temperature and volume of the air leaving the register must be great 
enough so that in cooling to room temperature the heat available will just 
equal the heat loss during the same time. To establish and maintain a 
constant heat flow, provision must be made for removing the air in the 
room, after it has cooled to the desired room temperature, by a system of 
vent flues or ducts. As the air flow is maintained by natural draft and 
this gravity head is very slight, it is necessary to make all ducts as short as 
possible, especially the runs from the heating units to the base of the 
vertical warm air flues. Gravity-indirect arrangements, such as illus- 
trated in Fig. 8, are not to be generally recommended for hot water sys- 
tems unless the water temperature can be maintained at a reasonably 
high temperature and rapid circulation of the water can be obtained. 
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STEAM HEATING SYSTEMS 


Gravity and Mechanical Return, Gravity One^Pipe Air ~ Vent, 

Gravity Two-Pipe Air-Vent, Air Line Heating, One-Pipe Vapor, 
Two-Pipe Vapor, Atmospheric, Condensation Return, Vacu- 
um, Sub-Atmospheric, Orifice, Zone Control, Condensation 
Return Pumps, Vacuum Heating Pumps, Traps 

S TEAM heating systems may be classified according to the pipe 
arrangement, the accessories used, the method of returning the con- 
densate to the boiler, the method of expelling air from the system, or the 
type of control employed. Information concerning the design and layout 
of steam heating systems will be found in Chapter 15. 

GRAVITY AND MECHANICAL RETURN 

Systems are classified as gravity or mechanical according to the method 
of returning the condensate from the system to the boiler. In gravity 
systems the condensate is returned by gravity due to the static head of 
water in the return pipes or mains. The elevation of the boiler water 
line must be sufficiently below the lowest heating unit, steam pipe or dry 
return pipe to permit the return by gravity. The water line difference 
forming the static head must be sufficient to overcome the maximum 
pressure drop in the system, including the pressure drop due to the 
condensing effect of the radiation. When radiator and drip traps are 
used, as in two-pipe vapor systems, the static pressure must also exceed 
the operating pressure of the boiler. The pressure drop caused by con- 
densing rate of the radiation is especially important during those portions 
of the operating periods where chan^ng pressure conditions prevail, as 
for example, when the system is being initially filled with steam. In 
systems where the condensate is wasted to the sewer, no water line differ- 
ence is required as is the case with closed systems. However, the waste of 
condensate may introduce conditions which warrant the use of an 
appropriate mechanical system. Whenever the conditions of a heating 
system are such that the returns from the radiation cannot gravitate to 
the boiler, they must be returned by some mechanical means. 

In mechanical systems the condensate flows to a receiver by gravity and 
is then forced into the boiler against its pressure. In all instances the 
preferable practice is to provide for gravity flow even where a vacuum 
pump is used. The lowest parts of the supply side of the system must be 
kept sufficiently above the water line of the receiver to insure adequate 
drainage of water from the system. 
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There are three general types of mechanical return devices in common 
use, namely, (1) the mechanical return trap, (2) the condensation return 
pump, and (3) the vacuum return line pump. 



GRAVITY ONE-PIPE AIR-VENT SYSTEM 

This system is the most common of all methods of steam heating, 
especially for small size installations, due largely to its low cost and 
simplicity. 



Fig. 2. Typical Steam Runout where 
Risers are Not Dripped 



Fig. 3. Typical Steam Runout where 
Risers are Dripped 


The downward pitch of a one-pipe air- vent system is indicated in Fig. 1. 
Low points and ends of steam mains pitched down from the boiler 
should be dripped. All drips should be sealed below water line before 
connecting together. In the risers and radiator connections, steam and 
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condensation flow in opposite directions. In long steam mains it flows in 
the same direction as the steam and is removed from the main through 
the drip. Short mains may be arranged for the condensate to flow in a 
direction opposite the steam by sizing them so the critical velocity is not 
exceeded. It is customary to drip the heel of each riser in buildings of 
several stories to avoid counter-flow of the steam and condensate in the 
riser branch. In buildings of one or two stories the condensate is returned 
to the steam main instead of being dripped. Both types of risers are 
shown in Fig. 1, and riser connections are shown in Figs. 2 and 3. A 
typical overhead down-feed system is illustrated in Fig. 4. While wet 
return mains need not be pitched toward the boiler to maintain steam 
circulation, they should be pitched for drainage. 



To improve steam circulation in one-pipe systems quick vent air valves 
should be provided at the ends and at intermediate points where the 
steam main is brought to a higher elevation. It is desirable to install the 
air- vent valves about a foot ahead of the drips, as indicated in Fig. 1, 
to prevent possible damage to their mechanisms by water. 

The radiator valves may be the angle-globe, offset-corner pattern or 
gate type. Straight-globe and straight-corner type should not be used 
since the damming effect of the raised valve seat would interfere with the 
flow of condensation through the valve. Graduated valves cannot be 
used since the steam valves on this system must be fully open or fully 
closed to prevent the radiators filling with water and creating a dangerous 
water line condition. With a one-pipe system the heat cannot be modu- 
lated at the radiator, the steam being either all on or all off. Systems and 
devices are available which make it possible to obtain a partial modulating 
effect from one-pipe heating systems. 
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It is important to keep the lowest points of the steam mains and heating 
units sufficiently above the water line of the boiler to prevent flooding. 
The minimum water line difference depends on the initial steam pressure 
and piping pressure drop plus a Sc fety factor for heating up. 



steam pressure at 
end of mam 

J, Return water 
■Water line of boiler, 'if*® 

^M4-C^Rise»water 
line difference 


Level return 




^Floor 


Fig. 5. 


Difference in Steam Pressure on Water in Boiler 
AND AT End of Steam Main 


Referring to Fig. 5 it will be noted that the water in the wet return is a U-shaped 
container, with the boiler steam pressure on the top of the water at one end and the steam 
main pressure on the top of the water at the other end.^ The difference between these two 
pressures is the pressure drop in the system, z.e., the friction and resistance to the flow of 
steam in passing from the boiler to the far end of the main and the pressure reduction in 
consequence of the condensation occurring in the system. The water in the far end will 



rise sufficiently to overcome this difference in order to balance the pressures, and it will 
rise far enough to produce a flow through the return pipe and overcome the resistance of 
cieck valves if installed. 

If a one-pipe steam system is designed, for example, for a total pressure drop of lb, 
and utilizes an Underwriters’ Loop instead of a check valve on the return, the rise in the 
water level at the far end of the return due to the difference in steam pressure would be 
oi 28 in. (28 in. head being equal to one pound per square inch), or 3}^ in. Adding 
3 in. to overcome the resistance of the return main and 6 in. as a factor of safety for 
heating up gives 12}^ in. as the distance; the bottom of the lowest part of the steam main 
and all heating units must be above the boiler water line. The same system, however, 
installed and sized for a total pressure drop of H lb, and with a check in the return, 
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would require of 28 in., or 14 in. for the difference in steam pressure, 3 in. for the flow 
through the return, 4 in. to operate the check, and 6 in. for a factor of safety, making a 
total of 27 in. as the required distance. Higher pressure drops would increase the 
distance accordingly. 

GRAVITY TWO-PIPE AIR-VENT SYSTEMS 

The gravity two-pipe system indicated in Fig. 6 is now considered 
obsolete although many of these systems are still in use in older buildings. 
The same general principles governing its piping design are used when 
connecting radiators as in other types of gravity systems where they must 
discharge their condensation to the wet return pipe. Separate supply 
and return mains and connections are required for each heating unit. 
Radiator valves are required in both the supply and return connection to 
the radiator, and air valves are installed on the heating units and the 
mains. Where the return main has to be located high to function as a 



Fig. 7. Method of Connecting Two-Pipe Gravity 
Returns to Dry Return Main 

dry return, it is advisable to connect the return risers to the dry return 
main through water seals, as shown in Fig. 7, to prevent steam from one 
riser entering another. 

The steam main in the down-feed system is carried to the top of the 
building, and the piping of the steam side is arranged as in the down-feed 
one-pipe ^avity system. On the return side of the system, the piping is 
arranged in exactly the same manner as the up-feed gravity two-pipe 
system. 

AIR LINE HEATING SYSTEMS 

Both one- and two-pipe systems are at times provided with air valves 
which, instead of venting to the atmosphere direct, vent to a return pipe 
system of small size, which in turn is vented to atmosphere or connected 
to a vacuum pump. These are known as one-pipe and two-pipe air line 
systems. Where the air line is exhausted by a vacuum pump they are 
termed one-pipe or two-pipe vacuum air line systems. 

ONE-PIPE VAPOR SYSTEM 

The one-pipe vapor system operates under pressures at or near atmos- 
pheric and returns its condensation to the boiler by gravity. In this 
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system the automatic air valves are of special design to permit the ready 
release of air and prevent its ready return after it is expelled. The steam 
radiator valves are a type which, when opened, give a free and unob- 
structed passageway for water. The piping is the same as for the one-pipe 
gravity system but sized so as to permit operation at a few ounces 
pressure. 


TWO-PIPE VAPOR SYSTEM 

A two-pipe up-feed vapor system using separate supply and return 
pipes is shown in Fig. 8. The radiators discharge their condensation 
through thermostatic traps to the dry return pipe. These systems operate 
at a few ounces pressure and above, but those with mechanical condensate 
return devices may operate at pressures upward of 10 lb. The simplest 



Fig. 8. Typical Up-Feed System with Automatic Return Trap^ 

^Proper piping connections are essential with special appliances for pressure equalizing and air elimination. 


method of venting the system consists of a ^-in. pipe with a check valve 
opening outward. Most systems employ various forms of vent valves, 
designed to allow the air to readily pass out of the system and to prevent 
its return. These systems permit control of the heat in the radiator by 
varying the opening of the graduated radiator valves. The boiler pressure 
is maintained at substantially constant pressure slightly above atmos- 
pheric pressure. 

These systems may be classified as (1) closed systems, consisting of those 
which have a device to prevent the return of air after it has once been 
expelled from the system, and which can operate at both super and sub- 
atmospheric pressures for a period of four to eight hours depending upon 
the tightness of the system and rate of firing, and (2) open systems, com- 
prising those which have the return line constantly open to the atmos- 
phere without a check or other means to prevent the return of air. The 
open systems are not so popular because they have the disadvantage of 
not holding heat when the rate of steam generation is diminishing. Sys- 
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terns of this design should preferably be equipped with an automatic 
return trap to prevent water from backing out of the boiler. In installing 
the return trap a check valve is inserted in the return main at a point near 
the boiler and a vertical pipe is run up into the bottom of the return trap, 
which is usually located with the bottom about 18 in. above the boiler 
water line. Some traps are constructed so that they will operate when 
they are installed with their bottom as close as 8 in. above the boiler water 
line. On the other side of this connection a second check valve is installed 
in the main return just before it enters the boiler. Fig. 9 shows a typical 
connection for an automatic return trap. 


Air vent and check 



Fig. 9. Typical Connections for Automatic Return Trap 


Down-Feed Two-Pipe Vapor System 

In the down-feed two-pipe vapor system the steam is carried to the top 
of the building, the top of the vertical riser constituting the high point of 
the system, and the horizontal supply main is sloped down from this 
location to the far ends of each branch. The branches are taken off the 
main from the bottom or at a 45-deg angle downward, with the runouts 
sloped toward the drops. Thus each branch from the main forms a drip 
and no accumulation of water is carried down any one drop. 

The steam drops are carried down through the building with suitable 
reductions as the various radiator connections are taken off until the 
lowest radiator runout is reached. If the drop is only two or three stories 
high, the portion feeding the bottom radiator should be increased one 
pipe size to provide for draining the riser, and if the drop is over three 
stories high it is well to increase the portion feeding the two lowest radi- 
ators one or two pipe sizes, especially if the two lowest radiators are small 
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and the normal size of drop required is 1 in. or less. The bottom of each 
steam drop should terminate with a dirt pocket and be dripped as shown 
in Fig. 10. The returns on a down-feed vapor system are the same as on 
an up-feed system. The runouts to the radiators and the radiator con- 
nections of the down-feed system are the same as those for the up-feed 
system already described. 

CONDENSATION RETURN HEATING SYSTEMS 

When automatic condensation return pumps are substituted for the 
gravity return of a two-pipe vapor system they are known as return 
systems or return pump heating systems, A typical installation of a motor 
driven automatic condensation unit is illustrated in Fig. 11. It will be 
noted that the returns are graded to cause flow by gravity to the vented 
receiver. As the receiver is filled, the float mechanism operates either a 
pilot or an across-the-line switch to start the pump and, upon emptying 



Fig. 10. Detail of Drip Connections at 
Bottom of Down-Feed Steam Drop 


the tank, to disconnect the power and stop it. The pump may be used to 
deliver the condensate direct to the boiler, to a feed water heater or to 
raise the water to any higher elevation or pressure than that of the return 
line. A useful application is a small condensation unit to handle a remote 
section of radiation that otherwise would be difficult to grade to the 
main return. 

VACUUM SYSTEMS 

In the vacuum system, a vacuum is maintained in the return line 
practically at all times. The pump is usually controlled by a vacuum 
regulator which operates the pump to maintain the vacuum within limits 
and operates in response to a pressure difference between the atmosphere 
and the return to control the vacuum in the return main. The source of 
steam supply may be a low pressure boiler as shown in Fig. 12, or a high 
pressure line through a pressure reducing valve. The piping and other 
details are the same as for the vapor systems. 

The return risers are connected in the basement into a common return 
main which slopes downward toward the vacuum pump. The vacuum 
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pump withdraws the air and water from the system, separates the air 
from the water and expells it to atmosphere and pumps the water back to 
the boiler, or other receiver, which may be a feed-water heater or hot 
well. It is essential that no connection be made from the supply side to 
the return side at any point except through a trap. The desirable practice 
demands a return flowing to the vacuum pump by an uninterrupted down- 
ward slope. In some instances local conditions make it necessary to drop 
the return below the level of the vacuum pump inlet, before the pump can 
be reached. In such an event one of the advantages of the vacuum 
system is the ability to raise the condensate to a considerable height by the 
suction of the vacuum pump by means of a lift connection or fitting 
inserted in the return. The height the condensate can be raised depends 
on the steam pressure and the amount of vacuum maintained. It is 



Fig. 11. Typical Installation Using Condensation Pump 


preferable to limit lift connections to a single lift at the vacuum pump. A 
still more preferable arrangement is the use of an accumulator tank, or 
receiver tank, with a float .control for the pump at the low point of the 
return main located adjacent to the vacuum pump. 

When the vertical lift is considerable, several lift fittings should be used 
in steps as shown in Fig. 13. This permits a given lift to be secured with a 
somewhat lower vacuum than where the vertical distance is served by a 
single lift. Where several lifts are present in a given system at different 
locations, the lifting cannot occur until the entire system is filled with 
steam. A lift connection for location close to the pump, where the size 
may be above the commercial stock sizes, is shown in Fig. 14. It is 
desirable that means be provided for manually draining the low point of 
the lift fittings to eliminate from the return piping all water in danger of 
freezing in case the system is shut down for a considerable length of time. 
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Down-Feed Vacuum System 

The piping arrangement for the down-feed vacuum system is similar 
on the supply side to the down-feed vapor system in that it has similar 
runouts, radiator valves, drips on the bottom of the steam drops, and 
enlargement of the drops for the lower radiator connections. The return 
side of the system is exactly the same as the up-feed system except that 
the steam riser drips at the bottom are connected into the return line 
through thermostatic traps. It is preferable to take the runouts for the 
risers from the bottom or at a 45-deg angle down from the steam main 
so that they may serve as steam main drips. When this is done it is 
practical to run the steam main level if a runout is located at every change 
in pipe size, or if eccentric fittings are used (Fig. 15). A slight pitch in the 



steam main, however, should be used when possible. An overhead 
vacuum down-feed system is shown diagrammatically in Fig. 16. 

SUB-ATMOSPHERIC SYSTEMS 

Sub-atmospheric systems are similar to vacuum systems but, in con- 
trast, provide control of building temperature by variation of the heat 
output from the radiators. The radiator heat emission is controlled by 
varying the pressure, temperature and volume of steam in circulation. 
These systems differ from the ordinary vacuum system in that they main- 
tain a controllable partial vacuum on both the supply and return sides of 
the system, instead of only on the return side. In the vacuum system, 
steam pressure above that of the atmosphere exists in the supply mains 
and radiators practically at all times. ^ In the sub-atmospheric system, 
atmospheric pressure or higher exists in the steam supply piping and 
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radiators only during severe weather. Under average winter temperature 
the steam is under partial vacuum which in mild weather may reach as 
high as 25 in. Hg., after which further reduction in heat output is obtained 
by restricting the quantity of steam. 

The rate of steam supply is controlled by a valve in the steam main or 
by thermostatically controlling the rate of steam production in the boiler. 
The control valve may be of the automatic modulating or floating type 
governed thermostatically from selected control points in the building, or 
it may be a special pressure reducing valve which will maintain the 
desired sub-atmospheric pressures by continuous flow into the heating 
main. All radiator supply valves have incorporated adjustable orifices 
or are equipped with regulating orifice plates. The sizes of orifices used 
are larger than for orifice systems because for equal radiator sizes the 




Fig. 13. Method of Making Lifts Fig. 14. Detail of Main Return 
ON Vacuum Systems when Distance Lift at Vacuum Pump 



Fig. 15. Method of Changing Size of Steam Main when Runouts 
ARE Taken from Top 

volume flowing is larger. These orifices are omitted on some systems, 
depending upon the type of control. Radiator traps and drips are 
designed to operate at any pressure from 15 lb gage to 26 in. of Hg. A 
vacuum pump capable of operating at high vacuum is preferable to 
promote accuracy in the distribution of steam throughout the system, 
particularly in mild weather. This vacuum is partially self induced by 
the condensation of the steam in the system under conditions of restricted 
supply for reduction of the radiator heat emission. 

The returns must grade downward constantly and uninterruptedly from 
the radiator return outlets to the inlet of the receiver of the vacuum pump. 
One radical difference between this and the ordinary vacuum system is 
that no lifts should be made in the return line, except at the vacuum 
pump. The receivers are placed at a lower level than the pump and 
equipped with float control so the pump may operate as a return pump 
under night conditions. The system may be operated in the same manner 
as the ordinary vacuum system when desired. 
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Steam for heating domestic hot water should be taken from the boiler 
header back of the control valve so that pressures sufficiently high for 
heating the water may be maintained on the heater. The sub-atmos- 
pheric method of heating can be used for the heating coils of ventilating 
and air conditioning systems. The flexible control of heat output secured 
by this method materially reduces the required size of by-pass around the 
heaters. Sub-atmospheric systems are proprietary. 

ORIFICE SYSTEMS 

Orifice systems of steam heating may have piping arrangements identi- 
cal with vacuum systems. Some of these omit the radiator thermostatic 



traps but use thermostatic or combination float and thermostatic traps 
on all drip points. A return condensation pump with receiver vented to 
atmosphere, a return line vacuum pump, or a return trap, is generally 
used to return the condensation to the boiler or place of similar disposition ^ 
such as a feed-water heater or hot well. The heat emission from the 
radiators is controlled by varying the pressure maintained in the steam 
supply piping. 

The principle on which these systems operate is based on the fact that 
the steam flow through an orifice will vary when the ratio of the absolute 
pressures on the two sides of the orifice exceeds 58 per cent. If the abso- 
lute pressure on the outlet side is less than 58 per cent of the absolute 
pressure on the inlet side, no further increase in flow will be obtained as a 
result of the increased pressure difference. If an orifice is so designed in 
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size as to exactly fill a radiator with 2 lb gage on one side and Ib gage 
on the other, the absolute pressure relation is: 

' + 2 0 ^ 

Should the steam pressure be dropped to 34 lt> on the supply pipe, the 
pressure on each side of the orifice would be balanced and no steam flow 
would take place. From this it will be apparent that if an orifice of a 
given diameter will fill a given radiator with steam when there is a given 
pressure on the main, reducing this steam main pressure will permit filling 
various desired portions of the radiator down to the point where the main 
pressure equals the back pressure in the radiator provided the supply pipe 
pressures may be controlled sufficiently close. If orifices are designed on 
a similar basis for a given system and proportioned to the heating capacity 
of the radiators they serve, all radiators will heat proportionately to the 
steam pressure. The range of pressure variation is limited by the per- 
missible noise level of the steam flowing under the pressure difference 
required for maximum heat output. The control of the steam supply is 
obtained by a valve placed in the steam main, which maintains a deter- 
mined pressure ; or by a boiler pressure control. The valves are frequently 
manually set from a remote location, guided by temperature indicating 
stations in the building; or thermostatically controlled from a thermostat 
on the roof, which automatically measures the differential of outside and 
inside temperatures. Since the range through which the pressures may be 
varied is usually from 0 to 4.0 lb gage, the control should be capable of 
maintaining close regulation to maintain the desired space temperatures, 
particularly in mild weather. 

Some systems use orifices not only in radiator inlets but also at different 
points in the steam supply piping for the purpose of balancing the system 
to a ^eater extent. In this manner the difference between the initi^ and 
terminal pressure in the steam main may be compensated to a great 
extent. For example, if the initieJ pressure was 3 lb gage and the pressure 
at the end of the main was 2 lb, an orifice could be used in each branch for 
the purpose of obtaining a more uniform pressure throughout the system. 
Such a provision may be particularly useful in this system for branches 
close to the boiler where the drop in the main has not yet been produced. 
Orifice systems are proprietary. 

CONDENSATION RETURN PUMPS 

Condensation return pumps are used for gravity systems when the 
local conditions do not permit the condensation to return to the boiler 
under the existing static head. The return of the condensate permits the 
water to repeatedly go through the cycle of vaporization, with subsequent 
condensation and return to the boiler. During such repeated cycles any 
incrustants or other substances in solution are precipitated and the water 
de-activated to a considerable extent so that corrosion of a serious nature 
is seldom ever encountered where the condensate is repeatedly used. 
Serious corrosion is more frequently found in systems where the conden- 
sation is not repeatedly used but is wasted and fresh make-up water is 
continually being introduced. 

The most generally accepted condensation pump unit for low pressure 
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heating systems consists of a motor-driven centrifugal pump with receiver 
and automatic float control. Other types in use include rotary, screw 
and reciprocating pumps with steam turbine or motor drive, and direct- 
acting steam reciprocating pumps. 

The receiver capacities of these automatic units should be sized so as 
not to cause too great a fluctuation of the boiler water line if fed directly 
to the boiler and at the same time not so small as to cause too frequent 
operation of the unit. The usual unit provides storage capacity between 
stops in the receiver of approximately 1.6 times the amount of condensate 
returned per minute and the pump generally has a delivery rate of 3 to 4 
times the normal flow. This relation of receiver and pump size to heating 
system condensing capacity takes account of the peak condensation rate. 

VACUUM HEATING PUMPS 

On vacuum systems, where the returns are under a vacuum, and sub- 
atmospheric systems, where the supply piping, radiation and the returns 
are under a vacuum, it is necessary to use a vacuum pump to discharge the 
air and non-condensable gases to atmosphere and to dispose of the 
condensation. Direct-acting steam driven reciprocating vacuum pumps 
are sometimes used where high pressure steam is available or where the 
exhaust steam from the pump can be utilized. In general, however, these 
have been replaced by the automatic motor-driven return line heating 
pump especially developed for this service. Steam turbine drive is also 
frequently used where steam at suitable pressures is available, the steam 
being used afterward for building heating. The usual vacuum pump 
unit consists of a compact assembly of exhausting unit for withdrawing 
the air- vapor mixture and discharging the air to atmosphere and a water 
removal unit which discharges the condensate to the boiler. They are 
furnished complete with receiver, separating tank and automatic controls 
mounted as an integrated unit on one base. There are also special steam 
turbine driven units which are operated by passing the steam to be used 
in heating the building through the turbine with only a 2 to 3 lb drop 
across the turbine required for its operation. Under special conditions 
such as installations where it is necessary to return the condensate to a 
high pressure boiler, auxiliary water pumps may be supplied. In some 
instances separate air and water pumps may be used. 

Practically all automatic motor-driven return line vacuum heating 
pumps make use of a portion of the condensate to operate either as a 
liquid piston pump or as a kinetic exhauster (which operate on a modified 
ejector principle) to withdraw the air and condensate from the system, 
discharge the air to atmosphere and return the condensate to the boiler. 
Some type of hydraulic action is utilized to produce the suction. Such 
hydraulic evacuating devices may be classified as; 

a. Water ring centrifugal displacement pumps. 

&. Water piston pumps. 

c. Stationary kinetic exhauster pumps. 

d. Rotary kinetic ejector pumps. 

The evacuating element is generally combined with a centrifugal 
water impeller for the delivery of the condensate to the boiler or feed- 
water heater. 
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The assembled units may be further grouped under two general 
classifications: 

a. Those which perform the function of air separation under atmospheric pressure. 

h. Those which perform the function of air separation under a partial vacuum. 

Pumps coming under the first classification remove both the air and 
condensate from the returns by means of the hydraulic evacuator and 
deliver both to a separating tank under atmospheric pressure. From 
this tank the air and non-condensable vapors are vented to atmosphere 
while the condensate is removed and delivered to the boiler by means of 
the built-in boiler feed pump impeller. 

In the second classification, the air and condensate are first separated 
under vacuum by means of the receiver which is directly connected to 
the returns. The hydraulic evacuator withdraws only the air and non- 
condensable vapors from the top of the receiver and delivers them to 
atmosphere. The built-in condensate pump impeller removes the con- 
densate from the bottom of the receiver and delivers it direct to the 
boiler or feed-water heater. 

Under special conditions such as returning the condensate to a high 
pressure boiler or the furnishing of large air removal units for high 
vacuum systems, it is customary to supply separate motor-driven air 
and water pumps. 

For rating purposes^ vacuum pumps are classified as low vacuum and 
high vacuum. Low vacuum pumps are those rated for maintaining 53^ in. 
Hg. vacuum on the system, and high vacuum pumps are those rated to 
maintain vacuums above 5^ in. 

The vacuum that can be maintained on a system depends upon the 
relationship of the air leakage rate into the system to the operating air 
capacity of the hydraulic evacuator when operating at any given return 
line temperature. The hotter the returns, the lower will be the possible 
vacuum for a given air leakage rate into the system. It is particularly 
essential on high vacuum installations to see that the entire system is 
tight in order to reduce the amount of inward air leakage and, further- 
more, to see that relatively higher temperature steam is prevented from 
entering the vacuum return lines through leaky traps, high pressure 
drips, etc. It is for this reason that the condensate from equipment using 
steam at high pressures should not be connected directly to a vacuum 
return line but should drain to a receiver through a high pressure trap. 
The receiver should have an equalizing connection to a low pressure steam 
main and drain through a low pressure trap to the vacuum return main as 
indicated in Fig. 17. 

Vacuum Pump Controls 

In the ordinary vacuum system, the vacuum pump is controlled by a 
vacuum regulator which cuts in when the vacuum drops to the lowest 
point desired and cuts out when it has been increased to the highest point, 
these points being varied to suit the particular system or operating 


1A.S.H.V.E. standard Code for Testing and Rating Return Line Ix)w Vacuum Heating Pumps, (A.S. 
H.V.E. Transactions, Vol. 40, 1934, p. 33). 
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conditions. In addition to this vacuum control, a float control is included 
which will automatically start the pump whenever sufficient condensation 
accumulates in the receiver, regardless of the vacuum on the system. A 
selector switch is usually provided to allow operation at night as a con- 
densation pump only, also to give manual or continuous operation when 
desired. 

There are several variations in the control of the vacuum maintained on 
the system by the pump. In some sub-atmospheric systems where 
orifices are used, the vacuum pump control maintains a pressure difference 
between the supply and the return piping, which is held within relatively 
close limits. There are other sub-atmospheric systems which utilize 
special temperature-pressure actuated controls for maintaining the desired 
conditions in the return lines. Where various zones are connected to the 



Fig. 17. Method of Discharging High-Pressure Apparatus into Low-Pressure 
Heating Mains and Vacuum Return Mains through 
A Low-Pressure Trap 

same return main, the return vacuum must be controlled to meet the 
requirements of the zone operating at the lowest steam supply pressure. 

Piston Displacement Vacuum Pumps 

Piston displacement return vacuum heating pumps may be either elec- 
tric or steam driven. They should be provided with mechanical lubricators 
and their piston speed in feet per minute should not exceed 20 times the 
square root of the number of inches in their stroke. They are usually 
supplied with an air separating tank, open to atmosphere, placed on the 
discharge side of the pump and at an elevation sufficiently high to allow 
gravity flow of the condensate to the boiler. If the boiler pressure is too 
high for such gravity feed then an additional steam pump for feeding the 
boiler is desirable. The extra pump is sometimes avoided by using a 
closed separating tank with a float controlled vent. In both arrangements, 
the air taken from the system must be discharged against the full dis- 
charge pressure of the vacuum pump. In the case of high or medium 
pressure boilers, it is better to use the atmospheric separator and the 
second pump. 
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In figuring the required displacement for such pumps, a value of from 
6 to 10 times the volumetric flow of condensation is used for average 
vacuums and systems. 


TRAPS 

Traps are generally classified as to function as (a) separating traps, 
(b) return,^ lifting or vacuum traps, and (c) air traps. Separating traps 
may be either float operated, thermostatically operated, or float and 
thermostatically operated. Return traps for low pressure service are 
referred to later as alternating receivers in this chapter. Return traps may 
also operate to receive condensate under a vacuum and return it to 
atmosphere or a higher pressure. Air traps are generally float operated. 

Separating traps are used to release water of condensation but to retain 
steam. The thermostatic, and float and thermostatic types release both 
condensate and air but retain steam. Separating traps are used for 
draining condensate from radiators, indirect air heaters, steam piping 
systems, kitchen equipment, laundp?- equipment, hospital equipment, 
drying equipment and many other kinds of apparatus. Air traps release 
air but retain water. Devices known as air vents are, in principle, traps 
which allow the passage of air but prevent the passage of either water or 
steam. 

Return traps are used for returning condensate either by gravity, by 
steam pressure, or by both, to a boiler or other point of disposal, and for 
lifting condensate from a lower to a higher elevation, or for handling 
condensate from a lower to a higher pressure. 

The fundamental principle upon which the operation of practically all 
traps depends is that the pressure within the trap at the time of discharge 
shall be equal to, or slightly in excess of, the pressure against which the 
trap must discharge, including the friction head, velocity head and static 
head on the discharge side of the trap. If the static head is in favor of 
the trap discharge it is a minus quantity and may be deducted from the 
other factors of the discharge head. 

Traps may also be classified according to the principle of operating 
device which supplies the power to cause them to function as (1) float, (2) 
bucket, (3) thermostatic, (4) float and thermostatic, (5) impulse, or 
(6) tilting traps. 

Float Traps, A discharge valve is operated by the rise and fall of a float due to the 
change of water level in l£e trap. When the trap is empty the float is in its lowest 
position, and the discharge valve is closed. A gage glass indicates the height of water 
in the chamber. 

Unless float traps are well made and proportioned there is danger of considerable 
steam leakage through the discharge valve due to unequal expansion of the valve and 
seat and the sticking of moving parts. The discharge from a float trap is usually con- 
tinuous since the height of the float, and consequently the area of the outlet, is propor- 
tional to the amount of water present. 

Bucket Traps, Bucket traps are of two types, the upright and inverted, and although 
they are both of the open float construction, their operating principle is entirely different. 
In the upright bucket trap, the water of condensation enters the trap and fills the space 
between the bucket and the walls of the trap. This causes the bucket to float and forces 
the valve against its seat, the valve and its stem usually being fastened to the bucket. 
When the water rises above the edges of the bucket it flows into it and causes it to sink, 
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thereby withdrawing the valve from its seat. This permits the steam pressure acting 
on the surface of the water in the bucket to force the water to a discharge opening. When 
the bucket is emptied it rises and closes the valve and another cycle begins. The discharge 
from this type of trap is intermittent. 

In the inverted bucket trap, steam floats the inverted submerged bucket and closes the 
valve. Water entering the trap fills the bucket, which sinks and through compound 
leverage opens the valve, and the trap discharges. It is impossible to install a water 
gage glass on an inverted bucket trap, but if visual inspection is necessary, a gage glass 
can be placed on the line leading to the trap. No air relief cocks can be used, but this is 
unnecessary, as the elimination of air is automatically taken care of by air passing through 
the vent in the top of the inverted bucket regardless of temperature. 

Thermostatic Traps, Thermostatic traps are of two types, those in which the discharge 
valve is operated by the relative expansion of metals, and those in which the action of 
a volatile liquid is utilized for this purpose. Thermostatic traps of large capacity for 
draining blast coils or very large radiators are called blast traps. 

Float and thermostatic traps have both a thermostatic element to release air and a 
float element to release the water. 

Impulse traps operate with a moving valve actuated by a control cylinder. When 
the trap is handling condensate, the pressure required to lift the valve is greater than the 
reduced pressure in the control cylinder and consequently the valve opens allowing a 
free discharge of condensate. As the remaining condensate approaches steam tempera- 
ture, flashing results, flow through the valve orifice is choked and the pressure builds up 
in the control chamber closing the valve. 

Automatic Return Traps 

In the general heating plant, where thermostatic traps are installed on 
the heating units, it becomes necessary to provide a means for returning 
the water of condensation to the boiler, if a condensation or vacuum pump 
is not used. When the return main can be kept sufficiently high above the 
boiler water line for all operating conditions, the water of condensation 
will flow back by gravity, and no mechanical device is required. But 
actually this does not work out in practice. It follows, therefore, that a 
direct-return trap is needed for the handling of the condensation even 
though it may not be called into action except under some operating 
condition where the pressure differential exceeds the static head provided. 
The installation of a direct-return trap assures safety for such systems, 
and guarantees the operation of the plant under varying conditions. 

Automatic return traps, sometimes called alternating receivers, may 
be of the counter-balanced, tilting type, or spring actuated. These consist 
of a small receiver with an internal float, and when the condensate will 
not flow into the boiler under pressure, it will feed into the receiver of the 
trap, and in so doing, raise or tilt the float or mechanism which actuates a 
steam valve automatically. This admits steam to the receiver, at boiler 
pressure, and the equalizing of the pressures which follows allows the 
water to flow into the boiler. 

Tilting Traps, With this type of trap, water enters a bowl and rises until its weight 
overbalances that of a counter-weight, and the bowl sinks to the bottom. As the bowl 
sinks, a valve is opened thus admitting live steam pressure on the surface of the water 
and the trap then discharges. After the water is discharged, the counter- weight sinks 
and raises the bowl, which in turn closes the valve and the cycle begins ag^. Tilting 
traps are necessarily intermittent in operation. They are not ordinanly equipped with 
glass water gages, as the action of the trap shows when it is filling or emptying. The air 
relief of tilting traps is taken care of by the valves of the trap. 
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PIPING FOR STEAM HEATING SYSTEMS 


Operating Characteristics^ Steam Flow, Pipe Sises, Tables for 
Pipe Sizing, One^Pipe Gravity Air^Vent Systems, Two~Pipe 
Gravity Air~Vent Systems, Two^Pipe Vapor Systems, Vacuum, 

Orifice, Atmospheric and Sub^Atmospheric Systems, Boiler 
and Radiator Connections, Piping for Indirect Heating Units, 

Dripping 

I T is important that steam piping systems distribute steam not only at 
full design load but during excess and partial loads. Usually the 
average winter steam demand is less than half of the demand at the 
design outside temperature. Moreover, in rapidly warming up a system 
even in moderate weather, the load on the steam main and returns may 
exceed the maximum operating load for severe weather due to the neces- 
sity of raising the temperature of the metal in the system to the steam 
temperature and the building to the design indoor temperature. Investi- 
gations of the return of condensation have revealed that as high as 143 
per cent of the design condensation rate may exist under conditions of 
actual operation. 

The functions of the piping system are the distribution of the steam, 
the return of the condensate and in systems where no local air vents are 
provided, the removal of the air. The distribution of the steam should be 
rapid, uniform and without noise, and the release of air should be facili- 
tated as much as possible, as an air bound system will not heat readily 
nor properly. In designing the piping arrangement it is desirable to 
maintain equivalent resistances in the supply and return piping to and 
from a radiator. Arranging the piping so the total distance from the 
boiler to the radiation is the same as the return piping distance from the 
heating unit back to the boiler tends to obtain such a result. The 
condensation which occurs in steam piping as well as in radiators must 
be drained to prevent impeding the ready flow of the steam and air. The 
effect of back pressure in the returns and excessive re vaporization, such 
as occurs where condensation is released from pressures considerably 
higher than the vacuum or pressure in the return, must be avoided. 

The piping design of a heating system is greatly influenced by its 
operating characteristics. Heating systems do not operate under constant 
conditions as they are continually changing due to variation in load. 
As the system is being filled with steam the pressure existing in various 
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Table 1. Flow of Steam in Pipes 

P = loss in pressure in pounds. 

D = inside diameter of pipe in inches. / PdD^ 

L = length of pipe in feet. W = 5220 -4/ / 3.6 \ , 

d — weight of 1 cu ft of steam. w I 1 + )L 

W = pounds of steam per hour. ^ ' 

P = 0.0000000367 ( 1 + ^) 


Prbssubb 

Loss 

IN 

Ounces 

Col. 1 

Pipe Size 

Internal 
Area of 
Pipe 

Sq Inches 

Col. 2 

Steam 

Press. 

BY 

Gage 

Col. 3 

Length 

OF Pipe 

IN 

Feet 

Col. 4 

Nominal 

Actual 

Internal 

Diameter 

I D5 

V' 

/loo 

y— 

0.25 

65.28 

1 

1.049 

0.864 

0.536 

-l.Oa 

0.187 

20 

2.240 

0.50 

92.28 


1.380 

1.496 

1.178 

-0.5a 

0.190 

40 

1.580 

1.00 

130. S 


1.610 

2.036 

1.828 

0.0 

0.193 

60 

1.290 

2 

184.6 

2 

2.067 

3.356 

3.710 

0.3 

0.195 

80 

1.120 

3 

226.0 

2}^ 

2.469 

4.788 

6.109 

1.3 

0.201 

100 

1.000 

4 





11.183 

2.3 

0.207 

120 

0.912 

5 

291.8 

3M 

3.548 

9.887 

16.705 

5.3 

0.223 

140 

0.841 

6 

319.7 

4 



23.631 

10.3 

0.248 

160 

0.793 

7 

345.3 


4.506 

15.947 

32.134 

15.3 

0.270 

180 

0.741 

8 


B 

5.047 

20.006 

43.719 

20.3 

0.290 

200 

0.710 

10 

412.7 

B 

6.065 

28.886 

71.762 

30.3 

0.326 

250 

0.632 

12 

452.0 

7 

7.023 

38.743 

106.278 

40.3 

0.358 

300 

0.578 

14 

488.3 

8 

7.981 

50.027 

149.382 

50.3 

0.388 

350 

0.538 

16 

522.0 

9 

8.941 

62.786 

201.833 

60.3 

0.415 

400 

0.500 

20 

583.6 

10 

10.020 

78.854 

272.592 

75.3 

0.452 

450 

0.477 

24 

639.3 

12 

12.000 

113.098 

437.503 

100.3 

0.507 

500 

0.447 

1 

28 

690.5 

14 

13.250 

137.880 

566.693 

125.3 

0.557 

600 

0.407 

32 

738.2 

16 

15.250 

182.655 

816.872 

150.3 

0.603 

700 

0.378 

40 

825.4 

Column 1X2X3X4=» lb of steam 
per hour that will flow through a straight 
pipe for a given condition. 

Example 1: 1 ox drop — 2 in. pipe 
— 1.3 lb press. — 100 ft equivalent length: 

175.3 

0.645 

800 

0.354 

48 

904.1 

200.3 

0.685 

900 

0.333 

80 

1167.2 


1000 

0.316 

160 

1650.7 

130.5 X 3.710 X 0.201 X 1 - 97.2 lb per hour. 

97.2 X 4b » 388.8 sq ft equivalent radiation. 

Table 1 does not allow for entrained water in low-pressure 
steam, condensation in covered pipe and roughness in com- 
mercial pipe as found in practice. 

1200 

0.289 

320 

2334.5 

1500 

0.258 

480 

2859.1 

2000 

0.224 


aPounds per square inch gage « 2.04 in. Vacuum, Mercury Column. 

bThe factor 4 is the approximate equivalent in square feet of steam radiation of 1 lb of steam per hour. 


286 
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locations may be different than those which exist for appreciable periods 
at other locations and which under constant pressure may have conditions 
that are approximately the same. In designing piping it is of especial 
importance to arrange the system to preclude trouble caused by such 
pressure differences. The systems which readily release the air permit 
uniform pressures to be attained in much shorter time intervals than those 
which are sluggish. Results are given in Fig. 1 from investigations^ to 
determine the rate of condensate and air return from a two-pipe gravity 
heating system. Variations in the steam pressure during the warming 
up period when the rate of air elimination and condensation is high are 
clearly indicated in these curves. 

It is evident that the condensation flow during the initial warming up 



Air Elimination Rates 

period reaches a peak which is greater than the constant condensation 
rate which is eventually reached when the pressure becomes uniform. 
Moreover, the peak condensation rate is obtained when the system steam 
pressure is lower than that existing during a period of constant condensing 
rate. It will also be noted that the peak rate of air elimination does not 
coincide with the higher condensing rate. 

STEAM FLOW 

The rate of flow of dry steam or steam with a small amount of water 
flowing in the same direction is in accordance with the general laws of gas 
flow and is a function of the length and diameter of the pipe, the density 
of the steam, and the pressure drop through the pipe. This relationship 
has been established by Babcock in the formula given at the top of Table 
1. In Columns 1, 2, 3, and 4 of this table, the numerical values of the 
factors for different pressure losses, pipe diameters, steam densities and 
lengths of pipe have been worked out in convenient form so that the steam 
flowing in any pipe may be calculated by multiplying together the proper 
factors in each column as shown in the example at the bottom of the table. 


1A.S.HV.E. Research Report No. 954 — Condensate and Air Return in Steam Heating Systems, 
by F. C. Houghten and J. L. Blackshaw (A.S.H.V.E. Transactions, Vol. 39, 1933, p. 199). 

287 





HEATING VENTILATING AIR CONDITIONING GUIDE 1942 


Table 2. Maximum Allowable Capacities of Up-Feed Risers for One- Pipe 

Low Pressure Steam 

Based on A, S. H. V, E. Research Laboratory Tests 


Pipe Size 
Inches 

Velocity 

Feet Per Second 

Pressure Drop 
Ounces 

PER 100 Ft 

Capacity 

Sq Ft 
Radiation 

Btu per Hour 

Lb 

Steam per Hour 

A 

B 

c 

D 


F 

1 

14.1 

0.68 

45 

10.961 

11.3 


17.6 

0.66 

98 

23,765 

24.5 

m 

20.0 

0.66 

152 

36,860 

38.0 

2 

23.0 

0.57 

288 

69,840 

72.0 


26.0 

0,54 

464 

112,520 

116.0 

3 

29.0 

0.48 

799 

193,600 

199.8 

m 

31.0 

0.44 

1144 

277,000 

286.0 

4 

32.0 

0.39 

1520 

368,000 

380.0 


INSTRUCTIONS FOR USING TABLE 2 


1. Capacities given in Table 2 should never be exceeded on one-pipe risers. 

2. Capacities are based on >^-lb condensation per square foot equivalent radiation and actual diameter 
of standard pipe. 

3. All pipe should be well reamed and free from constrictions. Fittings should be up to size. 


Table 3. Maximum Allowable Capacities of Up-Feed Risers for Two- Pipe 

Low Pressure Steam 

Based on A. S. H. V, E. Research Laboratory Tests 


Pipe Size 
Inches 

Velocity 

Feet per Second 

Pressure Drop 
Ounces 

PER 100 Ft 

Capacitt 

SqFt 

Radiation 

Btu per Hour 

Lb 

Steam per Hour 

A 

B 

c 

D 

E 

F 

H 

20 

— 

40 

9,550 

10.0 

1 

23 

1.78 

74 

17,900 

18.45 


27 

1.57 

151 

36,500 

37.65 


30 

1.48 

228 

55,200 

57.0 

2 

35 

1.33 

438 

106,100 

109.5 

2H 

38 

1.16 

678 

164,100 

169.4 

3 

41 

0.95 

1129 

273,500 

282.2 

3H 

42 

0.81 

1548 

375,500 

387.0 

4 

43 1 

0.71 

2042 

495,000 

510.5 


INSTRUCTIONS FOR USING TABLE 3 

1. The capacities given in this table should never be exceeded on two-pipe risers. 

2. Capacities are based on M-lb condensation per square foot equivalent radiation and actual diameter 
of standard pipe. 

3. All pipe should be well reamed and free from constrictions. Fittings should be up to size. 
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CHAPTER 15. PIPING FOR STEAM HEATING SYSTEMS 


PIPE SIZES 

The determination of pipe sizes for a given load in steam heating 
depends on the following principal factors: 

1. The initial pressure and the total pressure drop which may be allowed between the 
source of supply and the end of the return system. 

2. The maximurn velocity of steam allowable for quiet and dependable operation of 
the system, taking into consideration the direction of condensate flow. 

3. The equivalent length of the run from the boiler or source of steam supply to the 
farthest heating unit. 

Initial Pressure and Pressure Drop 

Theoretically there are several factors to be considered, such as initial 
pressure and pressure required at the end of the line, but it is most im- 
portant that (1) the total pressure drop does not exceed the initial pressure 
of the system; (2) the pressure drop is not so great as to cause excessive 
velocities; (3) there is a constant initial pressure, except on systems 
specially designed for varying initial pressures, such as the sub-atmos- 
pheric which normally operate under controlled partial vacua, the orifice, 
and the vapor systems which at times operate under such partial vacua 
as may be obtained due to the condition of the fire; and (4) the equivalent 
head due to pressure drop does not exceed the difference in level, for 
gravity return systems, between the lowest point on the steam main, 
the heating units, or the dry return, and the boiler water line. 

All systems should be designed for a low initial pressure and a reason- 
ably small pressure drop for two reasons: Jirsf, the present tendency in 
steam heating unmistakably points toward a constant lowering of pres- 
sures even to those below atmospheric; second, a system designed in this 
manner will operate under higher pressures without difficulty. When a 
system designed for a relatively high initial pressure and a relatively high 
pressure drop is operated at a lower pressure, it is likely to be noisy and 
have poor circulation. 

The total pressure drop should never exceed one-half of the initial 
pressure when condensate is flowing in the same direction as the steam. 
Where the condensate must flow counter to the steam, the governing 
factor is the velocity permissible without interfering with the condensate 
flow. A.S.H.V.E. Research Laboratory experiments limit this to the 
capacities given in Tables 2 and 3 for vertical risers and in Table 4 for 
horizontal pipes at varying grades. 

Maximum Velocity 

The capacity of a steam pipe in any part of a steam system depends 
upon the quantity of condensation present, the direction in which the 
condensate is flowing, and the pressure drop in the pipe. Where the 
quantity of condensate is limited and is flowing in the same direction as 
tJie steam, only the pressure drop need be considered. When the con- 
densate must flow against the steam, even in limited quantity, the ve- 
locity of the steam must not exceed limits above which the disturbance 
between the steam and the counter-flowing water may produce object- 
ionable sounds, such as water hammer, or may result in the retention of 
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Table 4. Comparative Capacity of Steam Lines at Various Pitches for Steam 
AND Condensate Flowing in Opposite Directions^ 

Pitch of Pipe in Inches per 10 Ft 


Pitch of 
Pipe 

K IN. 

M IN. 

1 m. 

IN. 

2 IN. 

3 IN. 

4 m. 

5 m. 

Pipe 

Sq Ft 
Rad. 

t 

Sq Ft 
Rad. 


Sq Ft 
Rad. 

i 

Sq Ft 
Rad. 

2 

i 

\ 

SqFt 

Rad. 

S 

1 

Sq Ft 
Rad. 

5 

1 

Sq Ft 
Rad. 

1 

SqFt 

Rad. 

i 

1 

Size 

Inches 

Based 
on 240 
Btu 

1 

Based 
on 240 
Btu 

s 

Based 
on 240 
Btu 

Based 
on 240 
Btu 

Based 
on 240 
Btu 

Based 
on 240 
Btu 

Based 
on 240 
Btu 

Based 
on 240 
Btu 

M \ 

25.0 

12 

30.3 

14 

37.3 

18 

40.4 

19 ! 

42.5 

20 

46.1 

21 

47.5 

22 

49.3 

23 

1 

43.8 1 

12 

52.6 

15 

63.0 

17 

70.0 

20 i 

75.2 

22 

83.0 

23 

87.9 

25 

90.2 

26 


104.9 

18 

117.2 

20 ! 

133.0 

23 

144.5 

25 

154.0 

27 

165.0 

28 

172.6 

29 

178.2 

31 

m 

142.6 

18 

159.0 

21 1 

181.0 

23 

196.5 

25 

209.3 

27 

224.0 

28 

234.8 

30 

242.6 

31 

2 

236.0 

19 

263.5 

20 

299.5 

23 

325.5 

25 

346.5 

27 

371.5 

28 

388.4 

29 

401.1 

30 


aData from American Society of Heating and Ventilating Engineers Research Laboratory. 


water in certain parts of the system until the steam flow is reduced 
sufficiently to permit the water to pass. The velocity at which such 
disturbances take place is a function of (1) the pipe size, whether the pipe 
runs horizontally or vertically, (2) the pitch of the pipe if it runs hori- 


Table 5. Length in Feet of Pipe to be Added to Actual Length of Run — 
Owing to Fittings — to Obtain Equivalent Length 


Size of Pipe 
Inches 

Length in Feet to be Added to Run 

Standard Elbow 

Side Outlet Tee 

Gate Valve® 

Globe Valve® 

1 Angle Valve® 

M 

1.3 

3 

0.3 

14 

7 


1.8 

4 

0.4 

18 

10 

1 

2.2 

5 

0.5 

23 

12 

IM 

3.0 

6 

0.6 

29 

15 

IM 

3.5 

7 

0.8 

34 

18 

2 

4.3 

8 

1.0 

46 

22 


5.0 

11 

1.1 

54 

27 

3 

6.5 

13 

1.4 

66 

34 


8 

15 

1.6 

80 

40 

4 

9 

18 

19 

92 

45 

5 

11 

22 

22 

112 

56 

6 

13 

27 

28 

136 

67 

8 

17 

35 

37 

180 

92 

10 

21 

45 

46 

230 

112 

12 

27 

53 

55 

270 

132 

14 

30 

63 

64 

310 

152 


^Value in full open position. 


Example of length in 
feet of pipe to be added 
to actual length of run. 



Measured Length = 132.0 ft 
4 in. Gate Valve = 1.9 ft 
' 4—4 in. Elbows “= 36.0 ft 

ij. j Equivalent Length => 169.9 ft 


__i ^ H 
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Table 6. Steam Pipe Capacities 

Capacity Expressed in Square Feet of Equivalent Direct Radiation 

(Reference to this table will be by column letter A through L) 

This table is based on pipe size data developed through the research investiga- 
tions of the American SoasTY of Heating and Ventilating Engineers. 


CAPACITIES OF STEAM MAINS AND RISERS 
DiRBCTtoN OF Condensation Flow in Pipe Line 


Specul Capacities for 
One-Pipe Systems Onlt 


Pipe 

Size 

In 

With the Steam in One-Pipe and Two-Pipe Systems | 

Against the Steam 
Two-Pipe Only 

Supply 

Risers 

Radiator 

V’^alves 

Radiator 

and 

1/32 lb 

1/24 lb 

1/16 lb 

Hlb 

^Ib 

J^lb 

and 

or 

or 

or i 

or 

or 

or 

1 


Up- 1 

Vertical 

Run- 

outs 


HOz 

MOa 

Drop 

1 Oz 

2 0z 

4 0z 

SOz 

Vertical 

Hori- 

Feed 

Con- 


Drop 

Drop 

Drop 

Drop 

Drop 

zontal 


nections 

A 

B 

C 

D 

E 

F 

G 

Ho 

7c 

Jb 

K 

Le 

H 



30 




30 


25 



1 

39 

46 

56 

79 

111 

157 

56 

26 

45 

20 

20 

IK 

87 

100 

122 

173 

245 

346 

122 

58 

98 

55 

55 

IK 

134 

155 

190 

269 

380 

538 

190 

95 

152 

81 

81 

2 

273 

315 

386 

546 

771 

1,091 

386 

195 

I 288 

165 

165 

2K 

449 

518 

635 

898 

1,270 

1,797 

635 

395 

464 


260 

3 

822 

948 

1,163 

1,645 

2,326 

3,289 

1,129 

700 

799 


475 

m 

1,228 

1,419 

1,737 

2,457 

3,474 

4,913 

1,548 

1,150 

4,144 



745 

4 

1,738 

2,011 

2,457 

3,475 

4,914 

6,950 

2,042 

1,700 

1,520 


1,110 

5 

3,214 

3,712 

4,546 

6,429 

9,092 

12,858 

3,1§0 


2,180 

6 

5,276 

6,094 

7,462 

10,553 

14,924 

21,105 





........ 

8 

10,983 

12,682 

15,533 

21,967 

31,066 

43,934 







10 

20,043 

23,144 

28,345 

40,085 

56,689 

80,171 








12 

32,168 

37,145 

45,492 

64,336 

90,985 

128,672 







16 

60,506 

69,671 

84,849 

121,012 

169,698 

242,024 

— 


— 





All Horizontal Mmns and Down-Feed Risers 

Up- 

Feed 

Mains 
and Un- 
dripped 

Up- 
1 Feed 

Radiator 

Con- 

Run- 

outs 

Not 

Dripped 







1 

Risers 

Run- 

outs 

Risers 

nections 


Note . — All drops shown are in pounds per 100 ft of equivalent run — ^based on pipe properly reamed. 
aDo not use Column H for drops of 1/24 or 1/32 lb; substitute Column C or Column B as required. 
bDo not use Column J for drop of 1/32 lb except on sizes 3 in. and over; below 3 in. substitute Column B. 
oOn radiator runouts over 8 ft long increase one pipe size over that shown in Table 6. 

^ ( American Socibtt op Heating and VENnuLTiNa Engineers ) Not to be Reprinted With- 

viopyrigni and Air CimdUiming CorUnidors National Attodaiion ) out Special Permission 


zontally, (3) the quantity of condensate flowing against the steam, and 
(4) freedom of the piping from water pockets which under certain con- 
ditions act as a restriction in pipe size. 

Three factors of uncertainty always exist in determining the capacity 
of any steam pipe. The first is variation in manufacture, which appar- 
ently cannot be avoided. The second is the care used in reaming the ends 
of the pipe after cutting. The effect of both of these factors increases as the 
pipe size decreases. According to A.S.H.V.E. Research Laboratory tests, 
either of these factors may affect the capacity of a 1-in. pipe as much as 
20 per cent. The third factor is the uniformity in grading the pipe line. 
All of the capacity tables given in this chapter include a factor of safety. 
However, the factor of safety referred to does not cover abnormal defects 
or constrictions nor does it cover pipe not properly reamed. 
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CHAPTER 15. PIPING FOR STEAM HEATING SYSTEMS 


Equivalent Length of Run 

All tables for the flow of steam in pipes, based on pressure drop, must 
allow for the friction offered by the pipe as well as for the additional 
resistance of the fittings and valves. These resistances generally are 
stated in terms of straight pipe; in other words, a certain fitting will 
produce a drop in pressure equivalent to so many feet of straight run of 
the same size of pipe. Table 5 gives the number of feet of straight pipe 
usually allowed for the more common types of fittings and valves. In all 
pipe sizing tables in this chapter the length of run refers to the equivalent 
length of run as distinguished from the actual length of pipe in feet. The 
length of run is not usually known at the outset; hence it is necessary to 
assume some pipe size at the start. Such an assumption frequently is 
considerably in error and a more common and practical method is to 
assume the length of run and to check this assumption after the pipes are 
sized. For this purpose the length of run usually is taken as double the 
actual length of pipe. 


TABLES FOR PIPE SIZING^ 

Factors determining the size of a steam pipe and its allowable limit of 
capacity are the direction of the flow of condensate, whether against or 
with the steam. 

Tables 6 and 7 are based on the actual inside diameters of the pipe and 
the condensation of lb (4 oz) of steam per square foot of equivalent 
direct radiation^ (abbreviated EDR) per hour. The drops indicated are 
drops in pressure per 100 ft of equivalent length of run. The pipe is 
assumed to be well reamed without unusual or noticeable defects. 

Table 6 may be used for sizing piping for steam heating systems by 
determining the allowable or desired pressure drop per 100 equivalent 
feet of run and reading from the column for that particular pressure drop. 
This applies to all steam mains on both one-pipe and two-pipe systems, 
vapor systems, and vacuum systems. Columns B to G, inclusive, are used 
where the steam and condensation flow in the same direction, while 
Columns H and I are for cases where the steam and condensation flow in 
opposite directions, as in risers and runouts that are not dripped. Columns 
/, Kj and L are for one-pipe systems and cover riser, radiator valve, and 
vertical connection sizes, and radiator and runout sizes, all of which are 
based on the critical velocities of the steam to permit the counter flow of 
condensation without noise. 

Sizing of return piping may be done with the aid of Table 7 where pipe 
capacities for wet, dry, and vacuum return lines are shown for the pressure 
drops per 100 ft corresponding to the drops in Table 6 . It is customary to 
use the same pressure drop on both the steam and return sides of a system. 


^Pilje size tables in this chapter have been compiled in simplified and condensed form for the convenience 
of the user; at the same time all of the information contained in previous editions of The Guide has been 
retained. Values of pressure drops, formerly expressed in oimces, are now expressed in fractions of a pound. 

®As steam system design has materially changed in recent years so that 240 Btu no longer expre^es the 
heat of condensation from a square foot of radiator surface per hour, and as present day heating units have 
different characteristics from older forma of radiation, it is the purpose of The Guide to gradually eliminate 
the empirical expression square foot of equivalent direct radiation, EDR, and to substitute a logical umt based 
on the Btu. The new terms to express the equivalent of 1000 Btu (Mb), and 1000 Btu per hour (Mbh), 
have been approved by the A.S.H.V.E. 
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Example What pressure drop should be used for the steam piping of a system if 
the measured length of the longest run is 500 ft and the initial pressure is not to be over 
2-lb gage? 

Solution, It will be assumed, if the measured length of the longest run is 500 ft, that 
when the allowance for fittings is added the equivalent length of run will not exceed 
1,000 ft. Then, with the pressure drop not over one half of the initial pressure, the drop 
could be 1 lb or less. With a pressure drop of 1 lb and a length of run of 1,000 ft, the 
drop per 100 ft would be Ho lb, while if the total drop were H lb» the drop per 100 ft 
would be Ho lb. In the first instance the pipe could be sized according to Column D for 
He lb per 100 ft, and in the second case, the pipe could be sized according to Column C 
for H 4 lb. On completion of the sizing, the drop could be checked by taking the longest 
line and actually calculating the equivalent length of run from the pipe sizes determined. 
If the calculated drop is less than that assumed, the pipe size is all right; if it is more, it is 
probable that there are an unusual number of fittings involved, and either the lines must 
be straightened or the column for the next lower drop must be used and the lines resized. 
Ordinarily resizing will be unnecessary. 


ONE-PIPE GRAVITY AIR-VENT SYSTEMS 

One-pipe gravity air- vent systems in which the equivalent length of run 
does not exceed 200 ft should be sized as follows: 

1. For the steam main and dripped runouts to risers where the steam and condensate 
flow in the same direction, use He-lb drop (Column D), 

2. Where the riser runouts are not dripped and the steam and condensation flow in 
opposite directions, and also in the radiator runouts where the same condition occurs, use 
Column L, 

3. For up-feed steam risers carrying condensation back from the radiators, use Column J, 

4. For down-feed systems the main risers of which do not carry any radiator con- 
densation, use Column H. 

5. For the radiator valve size and the stub connection, use Column K. 

6. For the dry return main, use Column TJ, 

7. For the wet return main use Column T. 

On systems exceeding an equivalent length of 200 ft, it is suggested that 
the total drop be not over 34 lb. The return piping sizes should correspond 
with the drop used on the steam side of the system. Thus, where H4-lb 
drop is being used, the steam main and dripped runouts would be sized from 
Column C; radiator runouts and undripped riser runouts from Column L; 
up-feed risers from Column /; the main riser on a down-feed system from 
Column C (it will be noted that if Column H is used the drop would 
exceed the limit of H4 lb) ; the dry return from Column R; and the wet 
return from Column Q. 

With a 342-lb drop the sizing would be the same as for H4 lb except that 
the steam main and dripped runouts would be sized from Column the 
main riser on a down-feed system from Column B, the dry return from 
Column 0, and the wet return from Column N. 

Notes on Gravity One-Pipe Air-Vent Systems 

1 . Pitch of mains should not be less than H 10 ft- 

2. Pitch of horizontal runouts to risers and radiators should not be less than 3^ in. 
in 10 ft. Where this pitch cannot be obtained runouts over 8 ft in length should be one 
size larger than called for in the table. 

3. In general, it is not desirable to have a main less than 2 in. The diameter of the 
far end of the supply main should not be less than half its diameter at its largest part. 
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4. Supply mains, branches to risers, or risers, should be dripped where necessary. 

5. Where supply mains are decreased in size they should be dripped, or be provided 
with eccentric couplings, flush on bottom. 

Example 3. Size the one-pipe gravity steam system shown in Fig. 2 assuming that 
this is all there is to the system or that the riser and run shown involve the longest run 
on the system. 

Solution, The total length of run actually shown is 215 ft. If the equivalent length 
of run is taken at double this, it will amount to 430 ft, and with a total drop of lb 
the drop per 100 ft will be slightly less than Jfg lb. It would be well in this case to use 
lb, and this would result in the theoretical sizes indicated in Table 8. These theo- 
retical sizes, however, should be modified by not using a wet return less than 2 in. while 
the main supply, if from the uptake of a boiler, should be made the full size of the 
main, or 3 in. Also the portion of the main k-m should be made 2 in. if the wet return 
is made 2 in. 



TWO-PIPE GRAVITY AIR-VENT SYSTEMS 

The method employed in determining pipe sizes for two-pipe gravity 
air-vent systems is similar to that described for one-pipe systems except 
that the steam mains never carry radiator condensation* The drop 
allowable per 100 ft of equivalent run is obtained by taking the equiva- 
lent length to the farthest radiator as double the actual distance, and 
then dividing the allowable or desired total drop by the number of 
hundreds of feet in the equivalent length. Thus in a system measuring 
400 ft from the boiler to the farthest radiator, the approximate equivalent 
length of run would be 800 ft. With a total drop of lb the drop per 

100 ft would be ^ or He lb; therefore, Column D would be used for all 

steam mains where the condensation and steam flow in the same direc- 
tion. If a total drop of lb is desired, the drop per 100 ft would be lb 
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and Column B would be used. If the total drop were to be 1 lb, the drop 
per 100 ft would be }/s lb and Column E would be used. 

For mains and riser runouts that are not dripped, and for radiator 
runouts where in all three cases the condensation and steam flow in 
opposite directions, Column I should be used, while for the steam risers 
Column H should be used unless the drop per 100 ft is Ib or lb, 
when Columns B or C should be substituted so as not to exceed the drop 
permitted. 

^ On an overhead down-feed system the main steam riser should be 
sized by reference to Column i?, but the down-feed steam risers sup- 
plying the radiators should be sized by the appropriate Columns B through 
G, since the condensation flows downward with the steam through them. 
The riser runouts, if pitched down toward the riser as they should be, are 
sized the same as the steam mains, and the radiator runouts are made the 
same as in an up-feed system. 

In either up-feed or down-feed systems the returns are sized in the 
same manner and on the same pressure drop basis as the steam main ; the 
return mains are taken from Columns 0, Rj U, X, or AA according to the 
drop used for the steam main; and the risers are sized by reading the 
lower part of Table 7 under the column used for the mains. The hori- 
zontal runouts from the riser to the radiator are not usually increased on 
the return lines although there is nothing incorrect in this practice. The 
same notes apply that are given for one-pipe gravity systems. 

TWO-PIPE VAPOR SYSTEMS 

While many manufacturers of patented vapor heating accessories have 
their own schedules for pipe sizing, an inspection of these sizing tables 
indicates that in general as small a drop as possible is recommended. The 
reasons for this are: (1) to have the condensation return to the boiler by 
gravity, (2) to obtain a more uniform distribution of steam throughout 
the system, especially when it is desirable to carry a moderate or low 
fire, and (3) because with large variation in pressure the value of gradu- 
ated valves on radiators is destroyed. 

For small vapor systems where the equivalent length of run does not 
exceed 200 ft, it is recommended that the main and any runouts to risers 
that may be dripped should be sized from Column D, while riser runouts 
not dripped and radiator runouts should employ Column J. The up-feed 
steam risers should be taken from Column H, On the returns, the risers 
should be sized from Column U (lower portion) and the mains from 
Column U (upper portion). It should again be noted that the pressure 
drop in the steam side of the system is kept the same as on the return side 
except where the flow in the riser is concerned. 

On a down-feed system the main vertical riser should be sized from 
Column il, but the down-feed risers can be taken from Column D al- 
though it so happens that the values in Columns D and H correspond. 
This will not hold true in larger systems. 

For vapor systems oyer 200 ft of equivalent length, the drop should not 
exceed lb to lb, if possible. Thus, for a 400 ft equivalent run the 
drop per 100 ft should be not over lb divided by 4, or lb. In this 
case the steam mains would be sized from Column 5; the radiator and 
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undripped riser runouts from Column 7; the risers from Column B, 
because Column H gives a drop in excess of lb. On a down-feed 
system, Column B would have to be used for both the main riser and the 
smaller risers feeding the radiators in order not to increase the drop over 

lb. The return risers would be sized from the lower portion of Column 
0 and the dry return main from the upper portion of the same column, 
while any wet returns would be sized from Column N, The same pressure 
drop is applied on both the steam and the return sides of the system. 

Notes on Vapor Systems 

1. Pitch of mains should not be less than in. in 10 ft. 

2. Pitch of horizontal runouts to risers and radiators should not be less than in. 
in 10 ft. Where this pitch cannot be obtained runouts over 8 ft in length should be one 
size larger than called for in the table. 

3. In general it is not desirable to have a supply main smaller than 2 in, 

4. When necessary, supply main, supply risers, or branches to supply risers should be 
dripped separately into a wet return, or may be connected into the dry return through 
a thermostatic drip trap. 

VACUUM, ORIFICE, SUB-ATMOSPHERIC SYSTEMS 

Vacuum, atmospheric, sub-atmospheric and orifice systems are usually 
employed in large installations and have total drops varying from to 

lb. Systems where the maximum equivalent length does not exceed 
200 ft preferably employ the smaller pressure drop while systems over 
200 ft equivalent length of run more frequently go to the higher drop, 
owing to the relatively greater saving in pipe sizes. For example, a sys- 
tem with 1200 ft longest equivalent length of run would employ a drop per 
100 ft of lb divided by 12, or 3^4 lb. In this case the steam main would 
be sized from Column C, and the risers also from Column C (Column H 
could be used as far as critical velocity is concerned but the drop would 
exceed the limit of H 4 lb). Riser runouts, if dripped, would use Column C 
but if undripped would use Column I; radiator runouts, Column I; return 
risers, lower part of Column 5; return runouts to radiators, one pipe size 
larger than the radiator trap connections. 

Notes on Vacuum Systems 

1. It is not generally considered good practice to exceed H lb drop per 100 ft of 
equivalent run nor to exceed 1 lb total pressure drop in any system. 

2. Pitch of mains should not be less than in. in 10 ft. 

3. Pitch of horizontal runouts to risers and radiators should not be less than in. 
in 10 ft. Where this pitch cannot be obtained runouts over 8 ft in length should be one 
size larger than called for in the table. 

4. In general it is not considered desirable to have a supply main smaller than 2 in. 

5. When necessary, the supply main, supply riser, or branch to a supply riser should 
be dripped separately through a trap into the vacuum return. A connection should not 
be made between the steam and return sides of a vacuum system without interposing a 
trap to prevent the steam from entering the return line. 

6. Lifts should be avoided if possible, but when they cannot be eliminated they 
should be made in the manner described in Chapter 14. 

7. No lifts can be used in orifice and atmospheric systems. In sub-atmospheric 
systems the lift must be at the vacuum pump. 
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BOILER CONNECTIONS 

Steam 

Cast-iron, sectional heating boilers usually have several outlets in the 
top. Two or more outlets are sometimes used to reduce the velocity of 
the steam in the vertical uptakes from the boiler and thus to prevent 
water being carried over into the steam main. 

Return 

Cast-iron boilers are generally provided with return tappings on both 
sides, while steel boilers are generally equipped with only one return 
tapping. Where two tappings are provided, both should be used to effect 
proper circulation through the boiler. The return connection should 



Fig. 3. The Hartford Return Connection 


include either a Hartford Loop or a check valve to prevent the accidental 
loss of boiler water to the returns with consequent danger of boiler 
damage. The Hartford Loop connection is to be preferred over the check 
valve because the latter is apt to stick or not close tightly and, further- 
more, because the check valve offers additional resistance to the con- 
densate coming back to the boiler, which in gravity systems would raise 
the water line in the far end of the wet return several inches^. 

Hartford Return Connection 

In order to prevent the boiler from losing its water under any circum- 
' stances, the use of the Hartford connection, or the Underwriters Loop, 
is recommended. This connection for a one- or two-boiler installation is 
shown in Fig. 3. The essential features of construction of a Hartford 


*See method of calculating height above water line for gravity one-pipe systems in Chapter 14 
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Loop connection are: (1) a direct connection (made without valves) 
between the steam side of the boiler and the return side of the boiler, and 
(2) a close nipple connection about 2 in. below the normal boiler water 
line from the return main to the boiler steam and return pressure balance 
connection. Equalizing pipe connections between the steam and return 
are given in Fig. 3, based on grate areas, but in no case shall this pipe size 
be less than the main return piping from the system. 

Sizing Boiler Connections 

Little information is available on the sizing of boiler runouts and steam 
headers. Although some engineers prefer an enlarged steam header to 
serve as additional steam storage space, there ordinarily is no sudden 
demand for steam in a steam heating system except during the heating-up 
period, at which time a large steam header is a disadvantage rather than 
an advantage. The boiler header may be sized by first computing the 
maximum load that must be carried by any portion of the header under 
any conceivable method of operation, and then applying the same 
schedule of pipe sizing to the header as is used on the steam mains for the 
building. The horizontal runouts from the boiler, or boilers, may be sized 
by calculating the heaviest load that will be placed on the boiler at any 
time, and sizing the runout on the same basis as the building mains. The 
difference in size between the vertical uptakes from the boiler and the 
horizontal main or runout is compensated for by the use of reducing ells. 

Return connections to boilers in gravity systems are made the same 
size as the return main itself. Where the return is split and connected to 
two tappings on the same boiler, both connections are made the full size 
of the return line. Where two or more boilers are in use, the return to 
each may be sized to carry the full amount of return for the maximum load 
which that boiler will be required to carry. Where two boilers are used, 
one of them being a spare, the full size of the return main would be carried 
to each boiler, but if three boilers are installed, wndi one spare, the return 
line to each boiler would require only half of the capacity of the entire 
system, or, if the boiler capacity were more than one-half the entire system 
load, the return would be sized on the basis of the maximum boiler capa- 
city. As the return piping around the boiler is usually small and short, 
it should not be sized to the minimum. 

With returns pumped from a vacuum or receiver return pump, the size 
of the line may be calculated from the water rate on the pump discharge 
when it is operating, and the line sized for a very small pressure drop, the 
size being obtained from the Chart for Pressure Drop for Various Rates of 
Flow of Water, Chapter 46. The relative boiler loads should be considered, 
as in the case of gravity return connections. Boiler header and piping 
sizes should be based on the total load. 

HIGH PRESSURE STEAM 

When high pressure steam is being supplied and lower steam pressures 
are required for use in heating, domestic hot water, utility services, etc., 
one or more pressure reducing valves, or pressure regulators, as they are 
sometimes called, are required. 

These are used in two classes of service, one where the steam must be 
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shut off tight to prevent the low pressure building up at time of no load, 
and the other where the low pressure lines will condense enough steam to 
offset normal leaking through the valve. In the latter case, double seated 
valves may be used in a manner that reduces the work required of the 
diaphragm in closing the valve and consequently the size of the dia- 
phragm. These valves also control the low pressures more closely under 
conditions of var 3 ’ing high pressures. 

Valves that shut off all steam are called dead end type. They are single 
seated, and some of them have pilot operation that provides close control 
of the reduced pressure. If a thermostatically controlled valve is installed 
after, and near, a reducing valve in such a manner as to cut off the 
passage of steam, the dead end type should be used. 

It is common practice when the initial steam pressure is 100 lb or 
higher to install two-stage reduction. This makes a quieter condition of 
steam flow, as it is apparent that with one reduction, as for example, from 
150 to 2 lb, there is a smaller opening with greater velocity across the 
reducing valve, and consequently, more noise. A two-stage reduction 
also introduces a source of safety, since if one reducing valve were to build 
up its discharge pressure, this excess pressure would not be as great as 
the case might be in a one-stage reduction. 

If an installation requires single seated valves, and the pilot type 
cannot be used, it is necessary to use two-stage reduction, as single seated 
valves require sufficient diaphragm area to overcome the unbalanced 
pressure underneath the single valve. In many cases the large diameter 
of diaphragm required would make it impractical in construction. With a 
two-stage reduction the diaphragm diameter required would be reduced. 
If a one-stage reduction is desired, it is necessary to use a pilot controlled 
pressure reducing valve, where low pressures are to be maintained closely. 

In making two-stage reduction, allowance should be made, by in- 
creasing the pipe size, ior expansion of steam on the low pressure side of 
the valve. This also allows steam flow to be at a more nearly uniform 
velocity. Separating the valves by a distance up to 20 ft is recommended 
to reduce excessive hunting action of the first valve. 

When the reduced pressure is approximately 15 lb or lower, the weight 
and lever diaphragm valve gives the best results with minimum main- 
tenance. Above 15 lb, spring loaded diaphragm valves should be used, 
because of the extra weights required on weight and lever type. Equalizing 
line connections should be made not too close to the valve, and into the 
bottom of the reduced pressure steam main, to allow maximum conden- 
sation to exist in this equalizing line, or the connection is made into the 
top of the main and a water accumulator used to reduce the variation of 
the head of water on the diaphragm. 

Care should be exercised in selecting the size of a reducing valve. The 
safest method is to consult the manufacturer. It is essential that sizes 
of piping to and from the reducing valve be such that they will pass 
the desired amount of steam with the maximum velocity desired. A 
common error is to make the size of the reducing valve the same size as 
that of the service, or outlet pipe size. Generally, this will make the 
reducing valve oversized, and bring about wire-drawing of valve and seat, 
due to small lift of the valve seat. 
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On installations where the steam requirements are relatively large and 
variable in mild weather or reduced demand periods, wire-drawing may 
occur. To overcome this condition, two reducing valves are installed in 
parallel, with the sizes selected on a 70 and 30 per cent proportion of 
maximum flow. For example, if 50,000 lb of steam per hour are required, 
the size of one valve is on the basis of 0.7 + 50,000 lb, or 35,000 lb, and 
the other on the basis of 0.3 + 50,000 lb, or 15,000 Ib. During the mild 
or reduced demand periods, steam will flow through the smaller valve 
only. During the remainder of the season, the larger valve is set to control 
at whatever low pressure is desired, and the smaller one at a somewhat 
lower pressure. Thus, when steam flow is not at its maximum, the 



Fig. 4. One-Pipe Radiator Fig. 5. Unit Heater Connected to 

Connections One-Pipe Air-Vent System 


smaller valve is shut, and automatically opens when the maximum steam 
demand occurs, since this maximum demand of steam creates a slight 
pressure drop in the service line. 

The installation of reducing valves in pipe lines requires detailed 
planning. They should be installed to give ease of access for inspection 
and repair, and wherever possible with diaphragm downward, except 
in cases of pilot operated valves. 

There should be a by-pass around each reducing valve of size equal to 
one half the size of reducing valve. The globe valve in by-pass line should 
be of a better type of construction, and must shut off absolutely tight. 
A steam pressure gage, graduated up to the initial pressure should be 
installed on the low pressure side. Safety valves located on the low 
pressure side should be set 5 lb higher than the final pressure but may be 
10 lb higher than the reduced pressure if this reduced pressure is that of 
the first stage reduction of a double reduction. Strainers should always 
be installed on the inlet to the reducing valve but are not required before 
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a second-stage reduction. If a two-stage reduction is made, it is well to 
install a pressure gage immediately before the reducing valve of the 
second-stage reduction also. In sizes 3 in. and above, it is advisable to 
tap the bodies of the reducing valve on inlet side for purposes of draining 
condensate accumulation through steam traps. 

Control Valves 

Gate valves are recommended in all cases where service demands that 
the valve be either entirely open or entirely closed, but they should never 



Fig. 6. Typical Contnections for Two-Pipe System 



Fig. 7. Top and Bottom Opposite End Radiator Connections 



Fig. 8. Connections to Radiator Hung on Wall 

be used for throttling. Angle globe valves and straight globe valves 
should be used for Arottling, as done on by-passes around pressure 
reducing valves or on by-passes around traps. 

Connection to Heating Units 

Riser, radiator and convector connections must not only be properly 
pitched at the time they are installed but must be arranged so that the 
pitch will be maintained under the strains of expansion and contraction. 
These connections may be made by swing joints which permit the ex- 
pansion or contraction to occur under heating and cooling without bending 
of pipes. To take ceire of expansion in long risers, either expansion joints 
of commercial construction or pipe swing joints are used. Anchoring of 
pipes between expansion joints is desirable. 
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Fig. 12. Supply and Return Con- 
nections FOR Heating Units of 
Central Fan Systems 


Fig. 13 . Typical Connections to 
Central Fan System Heating 
Units Exceeding 12 Sections 



Fig. 14 . Typical Piping for Atmospheric and Vacuum Systems with 
Thermostatic Control (Central Fan System) 
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Two satisfactory methods of making runouts for one-pipe systems for 
either the up-feed or the down-feed type are shown in Fig. 4. Where 
the vertical distance is limited and the runouts must run above the floor 
the radiator may be set on pedestals or of the high leg type. A method 
of connecting a unit heater to a one-pipe steam heating system is illus- 
trated in Fig. 5. 

Typical two-pipe radiator or convector connections are shown in Figs. 6, 
7 and 8, While the top is the preferred location for the control valve, it 
may be located at the bottom. Short radiators may be top supply and 
bottom return on same end. With convectors the control valve is 
sometimes omitted and a damper in outlet grille used for heat control. 
The typical method of connecting pipe coils is shown in Fig. 9 and is 
suitable for atmospheric, vapor, vacuum, sub-atmospheric, and orifice 
systems. 

Typical pipe connections for indirect radiators and tempering or heating 
stacks are shown in Figs. 10, 11, 12 and 13. 

Where a building is served by a vacuum system or a sub-atmospheric 
system the stacks should be piped in the usual manner and traps of large 
capacity, preferably of the combination float and thermostatic type, 
should be used. In the orifice and closed two-pipe systems, traps should 
be used on the returns so that a pressure above that of the atmosphere 
may be secured on the heaters. 

Each stack should have a separate steam and return connection. Wide 
stacks are more evenly heated with two steam connections, one at each 
end, the stacks being divided and a return connection provided for each 
steam connection. For stacks of large capacity it is sometimes desirable 
to run a separate steam main direct from the boiler to the stacks. 


PIPE SIZING FOR INDIRECT HEATING UNITS 


Pipe connections and mains for indirect heating units are sized in a 
manner similar to radiators, but the equivalent direct radiation must be 
ascertained for each row of heating unit stacks and then must be divided 
into the number of stacks constituting that row and into the number of 
connections to each stack. 


- Q X 60 X (A - ^ Q X {t[- tc) 

55.2 X 240 220.8 


( 1 ) 


where 

EDR = equivalent direct radiation, square feet. 

Q = volume of air, cubic feet per minute. 

/e — the temperature of the air entering the row of heating units under con- 
sideration, degrees Fahrenheit. 

t[ = the temperature of the air leaving the row of heating units under considera- 
tion, degrees Fahrenheit. 

60 = the number of minutes in one hour. 

55.2 = the number of cubic feet of air heated 1 F by 1 Btu, 

240 — the number of Btu in 1 sq ft of EDR. 
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Example 4 . Assume that the heating units shown in Fig. 14 are handling 50,000 cfm 
of air and that the rise in the first row is from 0 to 40 F, in the second row from 40 to 
65 F, and in the third row from 65 to 80 F. What is the load in EDR on each supply 
and return connection? 


Solution. For row 1, 

R 


50,000 X (40 - 0) 
220.8 


For row 2, 

R 


50,000 X (65 - 40) 
220.8 


For row 3, 

R 


50,000 X (80 - 65) 
220.8 


9058 sq ft. 


5661 sq ft. 


3397 sq ft. 


Each row of heating units consists of four stacks and each stack has two connections 
so that the load on each stack and each connection of the stack is as follows: 


Row 

Total Load 
(EDR) 

Stack Loadb 
(EDR) 

CONNBCnON LOAOb 
(EDR) 

1 


2265 

2265 or 1132 

2 

5661 

1415 

1415 or 708 

3 

3397 

849 

849 or 425 


^One quarter of total row load. 

bOne half of stack load if two steam connections are made; otherwise, same as stack load. 


The pipe sizes would then be based on the length of the run and the pressure drop 
desired, as in the case of radiators. It generally is considered desirable to place the in- 
direct heating units on a separate system and not on supply or return lines connected to 
the general heating system. 


DRIPS 

A steam main in any type of steam heating system may be dropped to a 
lower level without dripping if the pitch is downward with the direction of 
steam flow. Any steam main in any heating system can be elevated if 
dripped. Fig. 15 shows a connection where the steam main is raised and 
the drain is to a wet return. If the elevation of the low point is above a 
dry return it may be drained through a trap to the dry return in two-pipe 
vapor, vacuum and sub-atmospheric systems. Horizontal steam pipes 
may also be run over obstructions without a change in level if a small pipe 
is carried below the obstruction to care for the condensation (Fig. 16). 
Horizontal return pipes may be carried past doorways and other ob- 
structions by using the scheme illustrated in Fig. 17. It will be noted 
that the large pipe, in this case, runs below the obstruction and the 
smaller one over it. 

Branches from steam mains in one-pipe gravity steam systems should 
use the preferred connection shown in Fig. 18, but where radiator condensa- 
tion does not flow back into the main the acceptable method shown in the 
same figure may be used. This acceptable method has the advantage of 
giving a perfect swing joint when connected to the vertical riser or radia- 
tor connection, whereas the preferred connection does not give this swing 
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without distorting the angle of the pipe. Runouts from the steam main 
are usually made about 5 ft long to provide flexibility for movement in 
the main. 

Offsets in steam and return piping should preferably be made with 
90-deg ells but occasionally fittings of other angles are used, and in such 
cases the length of the diagonal offset will be found as shown in Fig. 19. 



Fig. 15. Dripping Main 
Where it Rises to 
Higher Level 



Acceptable method Preferred method 



Fig. 16. Looping Main 
Around Beam 



by constant for angle B 



Fig. 17. Looping Dry 
Return Main Around 
Opening 



Fig. 18. Methods of 
Taking Branch from 
Main 


Fig. 19. Constants for Fig. 20. Dirt Pocket 
Determining Length Connection 

Offset Pipe 



Fig. 21. Dripping End 
OF Main into Wet 
Return 


^Supply 


r- " — -■ — Tn 


Cooling leg at e 

/least 5' long 


Dirt pocket ^ 




Fig. 22. Dripping End Fig. 23. Dripping Hebx 
OF Main into Dry of Riser into Dry 

Return Return 


Dirt pockets, desirable on all systems employing thermostatic traps, 
should be so located as to protect the traps from scale and muck which 
will interfere with their operation. Dirt pockets are usually made 8 in. 
to 12 in. deep and serve as receivers for foreign matter which otherwise 
would be carried into the trap. They are constructed as shown in Fig. 20. 

On vapor systems where the end of the steam main is dripped down 
into the wet return, the air venting at the end of the main is accomplished 
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by an air vent passing through a thermostatic trap into the dry return 
line as shown in Fig. 21. On vacuum systems the ends of the steam mains 
are dripped and vented into the return through drip traps opening into 
the return line. The same method may be used in atmospheric systems. 
A float type trap is preferable to a thermostatic trap for dripping steam 
mains and large risers. If thermostatic traps are used, a cooling leg 
(Fig. 22) should always be provided. The cooling leg is for cooling the 
condensation sufficiently before it reaches the trap so the trap will not be 
held shut by too high a temperature. On down-feed systems of atmos- 
pheric, vapor, and vacuum types, the bottom of the steam risers are 
dripped in the manner shown in Fig. 23. On large systems it is desirable 
to install a gate valve in the cooling leg ahead of the trap. 
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HOT WATER HEATING SYSTEMS AND PIPING 

One- and Two-Pipe Systems^ Selecting Pipe Sises^ Forced 
Circulation^ Gravity Circulation^ Expansion Tanks, Instal- 
lation Details 

S ystems for heating with hot water radiators may be divided into 
two^ general classes, the first known as gravity systems in which 
circulation is caused by the difference in density of the water in the flow 
and return lines, and the second known as forced circulation systems in 
which circulation is caused by a pump. Flow water temperatures vary 
from 150 to 220 F and the higher temperatures are generally used with 
the forced system. 

For the sizing and selecting of boilers, radiators and piping, refer to 
Chapters 12, 13 and 18 respectively. 

SYSTEMS OF PIPING 

There are two general systems of piping used for either gravity or 
forced hot water systems: 

(a) Two-pipe system. 

(b) One-pipe system. 

With either of these piping systems the distributing mains may be 
located in the cellar with up-feed to the radiators and risers or the supply 
main may be located in the attic with the return main located in the 
cellar. With the latter system of piping, the one-pipe system would be 
only one pipe for the risers. For basement radiators located on the floor 
the mains may be run at the ceiling, as one of the advantages of a forced 
hot water heating system is that the returns need not be below the 
radiators as required with a steam system. With some one-pipe systems 
there is one main in the cellar but separate flow and return risers and 
connections to the radiators. 

In the two-pipe system there is separate supply and return pipes 
throughout so that the same water flows only through one radiator, 
resulting in the same water temperature in all radiators. With the one- 
pipe system part of the water flows through more than one radiator, so 
that the water temperature toward the end of the main is not as hot as 
near the boiler. However, with the one-pipe system, by maintaining a 
rapid circulation and small difference in temperature between the water 
leaving and returning to the boiler or other heat generator, the tendency 
to have variable temperatures in the radiators is much reduced. 

The two-pipe system for larger buildings should, if possible, be arranged 
for reversed return. The direct and reversed return systems are shown 
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in Figs. 1 and 2. With the reversed return system, the water has to 
travel approximately the same distance from and back to the boiler for 
any one radiator as for any other radiator and, therefore, the friction and 
temperature losses to all radiators should be nearly the same. 

In some cases the reversed return system involves no more piping than 
the direct return system. In the case of large buildings, it might be 
advisable to zone the piping. 

Mechanical Circulators 

Circulating pumps are usually of the centrifugal type. The capacity 
of the pump is figured from the Mbh (symbol representing 1000 Btu per 
hour) required for heating and the drop in temperature selected. For 
example, for 100 Mbh and 20 F drop a pump having a capacity of 5000 lb 
water per hour or 10 gpm. The resistance head is based on the system as 
designed. In large systems the economical size of pump may be deter- 
mined by comparing the cost of power for operation, with the annual 
charges on the capital cost of the piping system, as larger pipe sizes mean 
less pump power. Velocities through piping in excess of 4 fps are likely 
to cause disturbing noises in buildings other than factories. In large 
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Fig. 1, A Direct Return System Fig. 2. A Reversed Return System 


systems the pumps are run continuously while in small ones they are 
run either continuously or intermittently depending on the type of auto- 
matic temperature control selected. Small circulating pumps are usually 
driven by direct-connected electric motors. Under certain conditions a 
valved by-pass should be provided and the piping so designed that in 
case of breakdown of the pump or failure of electric current there will be 
sufficient gravity circulation to keep the building reasonably warm. In 
large buildings or groups of buildings, it is often advisable to have two 
pumps, each of about 70 per cent of the total capacity to take care of 
breakdown service. During mild weather, variations in water tempera- 
ture may be utilized to balance the required heat loss. In the larger 
systems steam turbines are sometimes used to drive the pumps, the 
exhaust steam being used for heating the water, and in such buildings as 
hospitals this is usually the most economical method. 

As the average pump used for water circulation is not over 60 per cent 
efficient, the cost of power on a large job should be figured and com- 
parisons made between the savings made in capital cost of piping and 
the annual cost of power. 

FORCED CIRCULATION PIPE SIZES 

The pressure heads available in forced circulation systems are much 
greater than those in gravity circulation systems, consequently, higher 

310 





CHAPTER 16. HOT WATER HEATING SYSTEMS AND PIPING 


velocities may be used in designing the system, with the result that 
smaller pipes may be selected and the first cost of the installation reduced. 
As the pipe sizes of a heating system are reduced, the necessary increase 
in the velocity of the water increases the friction losses and thus the cost 
of operation and the initial cost of the circulating equipment. The 
increased velocity of a forced circulation system offers a number of 
advantages, such as a much shorter heating-up period and a more flexible 
control of hot water circulation. This improved performance merits the 
small increase in operating cost necessary to circulate the water mechani- 
cally. The velocities required should be determined by calculation for 
the particular system under consideration. 

Since forced circulation velocities are higher than those in gravity 
systems, and since the friction heads in a heating system vary almost 
as the squares of the velocities, a given error in the calculation or assump- 
tion of a velocity is less important in a forced circulation system than in 
a gravity circulation system, and, consequently, it is easier to design a 
satisfactory forced circulation system than a satisfactory gravity circu- 
lation system. 

In forced hot water systems, it is customary to use a temperature drop 
of 20 or 30 F between the water entering and leaving the boiler or other 
heater. The head against which the system is to operate must then be 
decided. This varies from 2 to 5 ft for small systems and may rise to 
100 ft on large jobs with a group of buildings. For iron pipe, the sizes 
can be figured using Fig. 3 and Tables 1 and 3. For copper tubing 
Tables 2 and 3 are to be used. In systems designed with reversed returns, 
it will generally be found that very little adjustment is necessary to 
secure even distribution to all radiators. However, orifices may be used 
to control the flow and the capacities are given in Table 5. In large 
buildings provision should be made for quickly draining radiators in case 
of breakage, and it is often advisable to install a lock shield valve on one 
end of each radiator and a hand controlled valve on the other. In case of 
breakage the two valves can be closed and the radiator removed without 
affecting the rest of the system. The lock shield valve can also be used 
for balancing the water circulation. 

The following examples will illustrate the procedure to be followed in 
designing forced circulation systems. 

Example 1, From the plan of Fig. 4 note that the longest circuit consists of 151 ft of 
iron pipe; 1 boiler; 1 radiator; 1 radiator valve; 1 stop cock; 10 ells and 3 tees; and the 
shortest circuit consists of 127 ft of pipe; 4 tees; 1 boiler; 1 radiator; 1 radiator valve; 
1 stop cock; and 6 ells. Design the piping for this system. 

Solution, The friction in the various fittings can be expressed in terms of the friction 
in a 90-deg elbow from the values given in Table 3. The longest circuit consists of 151 ft 
of pipe and 44 elbow equivalents. The short circuit consists of 127 ft of pipe and 39 
elbow equivalents. 

The friction head in one elbow is approximately equal to the friction produced by the 
same sized pipe 25 diameters in length. Assume that the average pipe size for this 
system is 1 in. The equivalent length of the longest circuit will be 151 ft plus 100 ft or 
251 ft of pipe. The equivalent length of the short circuit will be 217 ft. 

Having determined the equivalent length of the circuits, the next step is to assume the 
rate at which the water is to be circulated in the system. The water may flow through 
the system so that it will cool any reasonable number of degrees. For the most economi- 
cal average system a 20 F drop seems to be a satisfactory rate. This entails a slower 
water flow from the pumping equipment with a reasonable relationship between pipe 
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Table 1. Equivalent Length of Pipe vs. Pressure Head at Various 
Friction Losses Steel Pipe 






Milinch 

Friction Loss Per Foot of Pipe 




Head 

Loss, 

Ft 

720 

480 

360 

1 300 

1 

240 

180 

1 

160 

1 

1 144 

120 

96 

90 

80 

70 

60 


Equivalent Length of Pipe in Feet 


33 

50 

66 

80 

100 

133 

150 

167 

200 

250 

270 

300 

340 

400 


42 

62 

84 

100 

125 

167 

188 

208 

250 

312 

333 

375 

428 

500 


50 

75 

100 

120 

150 

200 

225 

250 

300 

375 

400 

450 

510 




87 

117 

140 

175 

233 

263 

291 

350 

437 

463 

525 

593 

700 



100 

133 

160 

200 

266 

300 

333 

400 


533 

mi] 

685 

800 



112 

149 

ISO 

225 

300 

338 

374 

450 

562 

593 

675 

758 

900 

6 

S3 

125 

167 

200 

250 

333 

375 

416 

500 

625 

666 

750 

860 

1000 


92 

137 

183 

220 

275 

366 

413 

457 

550 

687 

713 

825 

923 

1100 

6 

100 

150 

200 

240 

300 

400 

450 

500 

600 

750 

■gjQ 

900 

1030 

1200 


108 

162 

217 

260 

325 

433 

488 

540 

650 

812 

843 

975 

1088 

1300 

7 

116 

175 

233 

280 

350 

465 

525 

580 

700 

875 

933 


1200 

1400 


124 

187 

249 

300 

375 

500 

563 

623 

750 

937 

973 

1125 

1252 

1500 

8 

133 

200 

266 

320 

400 

533 

600 

666 

800 

1000 

1070 

1200 

1370 

1600 


142 

212 

283 

340 

425 

566 

638 

706 

850 

1062 

1103 

1275 

1417 

1700 

9 

150 

225 

300 

360 

450 

600 

675 

750 

900 

1125 

1200 


1540 

1800 

9M 

159 

237 

317 

380 

475 

633 


789 

950 

1187 

1233 

1425 

1577 

1900 

10 

167 

250 

333 

400 

500 

666 

Kill 

833 

1000 

1250 

1333 

1500 

1715 

2000 

lOK 

175 

262 

349 

420 

525 

700 


872 

1050 

1312 

1363 

1575 

1737 

2100 

11 

183 

275 

366 

440 

550 

733 

825 

916 

1100 

1375 

1466 

1650 

1885 

2200 

llH 

192 

287 

383 

460 

575 

766 

863 

955 

1150 

1437 

1533 

1725 

1897 

2300 

12 

200 

300 

400 

480 

600 

800 

900 

1000 

1200 

1500 

1600 

1800 

2030 

2400 





Capacity of Pipes Mhh With a 20 Fa Drop 




Nominal 



A 

s* Carrying Capacity^ B = 

Velocity, inches per second 



Pipe Size, 
In. 




Friction Head of Pipe Milinches per foot 





720 

480 

360 

300 

240 

180 

160 

144 

120 

96 

90 

80 

70 

60 

A 

20 

16 

14 

13 

11 

10 

9 

9 

8 

7 

7 

6 

6 

5 

H B 

S7 

22 

19 

17 

15 

IS 

12 

11 

10 

9 

9 

8 

8 

7 

A 

43 

35 

30 

27 

24 

21 

19 

18 

17 

15 



12 

11 

K B 

S$ 

25 

23 

21 

18 

16 

15 

H 

13 

11 



9 

9 

A 

85 

70 

60 

54 

48 

41 

39 

36 

33 

30 




23 

1 B 

39 

32 

27 

25 

22 

19 

18 

17 

15 

13 




10 

A 

180 

145 

125 

115 

98 

85 

80 

75 

68 

60 

58 


51 

47 

IH B 

48 

39 

33 

SO 

27 

23 

21 

20 

19 

IS 

15 

By 

U 

12 

A 

285 

230 

195 

180 

160 

135 

125 

120 

110 

96 

92 

88 

82 

75 

IH B 

54 

u 

38 

S4 

SO 

26 

24 

23 

21 

19 

18 

17 

15 

14 

A 

540 

435 

370 

340 

300 

255 

240 

230 

205 

180 

175 

165 

150 

140 

2 B 

84 

52 

45 

40 

36 

SO 

29 

27 

24 

22 

21 

20 

19 

17 

A 

890 

720 

610 

550 

480 

420 

390 

370 

330 

300 

280 

270 

250 

230 

2H B 

74 

60 

50 

48 

4i 

35 

33 

31 

28 

24 

24 

22 

21 

19 

A 

1650 

1340 

1130 

1000 

900 

760 

720 

670 

600 

540 

520 

480 

450 

410 

3 B 

88 

70 

60 

54 

48 

4i 

38 

36 

33 

29 

28 

26 

24 

22 

A 

2500 

2000 

1700 

1500 

1350 

1150 

1080 

1000 

900 

800 

760 

720 

670 

620 

8H B 

99 

78 

66 

60 

54 

48 

4S 

40 

36 

32 

31 

29 

27 

25 

A 

3500 

2800 

2400 

2200 

1900 

1600 

1520 

1440 

1300 

1150 

1100 

1050 

960 

880 

4 B 

no 

87 

74 

66 

58 

50 

47 

45 

40 

35 

84 

32 

SO 

27 

A 

7000 

5600 

4700 

4300 

3700 

3200 

3000 

2750 

2500 

2200 

2100 

2000 

1800 

1700 

5 B 

132 

106 

90 

80 

70 

60 

56 

53 

4B 

43 

4i 

38 

35 

32 

A 

12,000 

9200 

7800 

7000 

6200 

5200 

4800 

4600 

4100 

3600 

3500 

3300 

3000 

2800 

6 B 

156 

124 

104 

94 

82 

69 

84 

61 

55 

48 

48 

u 

41 

37 


»For other temperature drops the pipe capacities may be changed correspondingly. For example, with 
a temperature drop of 30 F, the capacities shown in this table are to be multiplied by 1.5. 
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Table 2. Equivalent Length of Tube vs. Pressure Head at Various 
Friction Losses Type L Copper Tube 



Milinch Friction Loss per Foot of Tube 

Head 

Loss, 

720 

600 

480 

360 

300 

240 

180 

150 

120 

90 

75 

60 

Ft 





' 









Equivalent Length op Tube in Feet (Longest CiRCun) 

2 

33 

40 

50 

67 

80 

100 

133 

160 

200 

267 

320 

400 


42 

50 

63 

83 

100 

125 

167 

200 

250 

333 


500 

3 

50 

60 

75 

100 

120 

150 

200 

240 

300 

400 

480 

600 

3H 

58 

mt 

88 

117 

140 

175 

233 

280 

350 

467 

560 

700 

4 

67 

80 

mmm 

133 

160 

200 

267 

320 

400 

533 

640 

800 

4K 

75 

90 

113 

150 

180 

225 


360 

450 

600 

720 

900 

6 

83 

100 

125 

167 

200 

250 

333 

400 

500 

667 

800 

1000 

SH 

92 

110 

138 

183 

220 

275 

367 

440 


733 

880 

1100 

6 

100 

120 

150 

200 

240 

300 

400 

480 

600 

800 

960 

1200 


108 

130 

163 

217 

260 

325 

433 

520 

650 

867 

1040 

1300 


117 

140 

175 

233 

280 

350 

467 

560 

700 

933 

1120 

1400 


125 

150 

188 

250 

mm 

375 

500 

mm 

750 

1000 

1200 

1500 

8 

133 

160 

200 

267 

320 

400 

533 

640 

800 

1067 

1280 


8J4 

142 


213 

283 


425 

567 

680 

850 

1133 


1700 

9 

150 

180 

225 

mm 

360 

450 

600 

720 

900 

1200 

1440 

1800 

m 

159 

190 

238 

317 

380 

475 

633 

760 

950 

1267 

1520 

1900 

10 

167 

200 

250 

333 

400 

500 

667 

800 


1333 

1600 

2000 

lOM 

175 

210 

263 

350 

420 

525 

700 

840 

1050 

1400 

1680 

2100 

11 

183 

220 

275 

367 

440 

550 

733 

880 

1100 

1467 

1760 

2200 

liH 

192 

230 

288 

383 

460 

575 

767 

920 

1150 

1533 

1840 

2300 

12 

200 

240 

300 


480 

600 

800 

960 

1200 

1600 

1920 

2400 

Nominal 




Capacity of Tubes Mbk With a 20 Fa Drop 





A 

= Carrytne Capacity, B 

= VelocUy, inches ber second 



Tube 

Size, 




Friction Head of Pipe Milinches per Foot 




In. 

720 

600 

480 

360 

300 

240 

180 

150 

120 

90 

75 

60 

A 

10 

9 

8 

68 

6.2 

5.4 

4.6 

4 

3.6 

3 

2.8 

2.4 


SS7 

S4 

21 

18 

16.6 

14 

IS 


10 

8.5 

8 

7 



18 

16 

13.5 

12 

10.8 

9 

8 

7 

6 

5.4 

4.7 



SO 

26 

21 

19 

17 

15 

IS 

• 12 

10 

9 

8 



mi 

26 

22.1 

20 

17.8 

15 

13.1 

11.8 

9.9 

9 

7.9 



S4 

SO 


21 

19 

17 

16 

IS 

11 

10 

9 

A 

51 


40 

34 

31 

28 

23.2 

20.5 

18.1 

15.3 

13.9 

12.1 

H B 

4£ 


3S 

27 

U 

21 

19 

17 

14 

12 

11.5 

10 

A 

104 

94 

82 

70 

63 

56 

47 

42 

37 

32 

28 

WjSSjM 

1 B 

48 

46 

S9 

S4 

SO 

25 

22 

19 

17 

14,5 

IS 


A 

185 

169 

149 


112 

100 

84 

75 

66 

56 

50 


IH B 

65 

61 

46 


S5 

SO 

25 

22 

19 

17 

16 


A 

300 

270 

235 

200 

180 

160 

134 

120 

105 

90 

81 

71 

IH B 

6£ 

67 

61 

48 

S9 

35 

SO 

26 

22 

19 

17 

15 

A 

625 

560 

495 

420 

375 

335 

280 

250 

200 

188 

170 

150 

2 B 

76 

68 

69 

51 

47 

42 

36 

S2 

27 

22 

20 

18 

A 

1130 

1010 

890 

750 

680 

600 


450 

395 

335 

305 

270 

2H B 

90 

80 

69 

68 

4B 

47 

42 

S7 

SS 

26 

23 

21 

A 

1840 

1650 

1450 

1210 

1100 


820 

740 

650 

550 

490 

420 

3 B 

98 

90 

80 

66 

59 


47 

42 

S6 

SO 

27 

23 

A 

2750 

2480 

2170 

1840 

1650 

1450 

1210 

1100 

980 

820 

740 

650 

W B 

110 

100 

89 

76 

66 

67 

61 

46 

40 

S6 

SO 

26 

A 

3900 

3505 

3100 

2600 

2350 

2090 

1760 

1580 

1390 

1180 

losa 

950 

4 B 

m 

108 

96 

83 

7S 

63 

56 

49 

U 

37 

84 

29 


aFor other temperature drops the pipe capacities may be changed correspondingly. For example, with 
temperature drop of 30 F, the capacities shown in this table are to be multiplied by 1.5. 
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size and flow. Assume 20 F drop for this system. One gallon of water p« minute wth a 
density of 7.99 at 215 F will deliver approximately 9600 Btu per hour with a 20 F drop. 



Fig. 3. Friction Heads in Black Iron Pipes for a 20 F Temperature 
Difference of the Water in the Flow and Return Lines 


For other temperature drops the pipe capacities may be changed correspondingly. For example, 
with a temperature drop of 30 F, the capacities shown in this table are to be multiplied by 1.6. 

The total radiation load is 98 Mbh, therefore^the pump must deliver 10.2 gpm or 4900 
lb of water per hour. 


314 



CHAPTER 16. HOT WATER HEATING SYSTEMS AND PIPING 


Knowing that the rate of flow is 10.2 gpm, the next step is to determine from the 
characteristics of available pumps, which one will produce a satisfactory velocity in the 
system. Assume that 4 pumps are available for this load which will produce 10.2 gpm at 
pressure heads of 2, 5, 10 and 18 ft. At these heads the pumps would produce a velocity 
high enough to make available a friction head per foot of pipe of 96, 240, 480 and 860 
milinches per foot respectively. If 95 milinches per foot were used, the gravity head at 
215 F average temperature in the mains vrould be 26 per cent of the total head and 
should be considered in sizing the system. At 240 milinches per foot the gravity effect is 
10 per cent and as this is lower than the delivery variation from the pipe used, it can be 
neglected. At 480 and 860 milinches the gravity effect is still a smaller percentage of 



Fig. 4. A Forced Circulation Reversed Return System^ 
aNote that the numbers on the radiators indicate thousands of Btu per hour (Mbh) and not square feet. 

the total, but at these losses in the average system the cost of pumping will more than 
offset the advantage gained in pipe sizes. Therefore, pipe size this system at 240 mil- 
inches per foot which is equivalent to a total loss of 60,000 milinches for the 250 ft 
equivalent length of pipe. 

The pipe sizes may be selected from Fig. 3 or from Table 1 which has been derived 
from Fig. 3. 

Size the supply main of the longest circuit first. Section AB carries 98 Mbh. From 
Fig. 3 it will be noted that at 240 milinches per foot, a 134-in. pipe carries 98 Mbh. 
Therefore, use iK-in. pipe in Section AB. Section BO carries 40 Mbh. A 1-in. pipe 
carries 48 Mbh at 240 milinches per foot. Use a 1-in. pipe. Section OP carries 20 Mbh 
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Table 3. Iron and Copper Elbow Equivalents 


Fitting 

Iron 

Pipe 

Copper 

Tubing 

Elbow, 90-deg 

1.0 

1.0 

Elbow, 45-deg 

0.7 

0.7 

Elbow, 90-deg long turn 

0.5 

0.5 

Open return band. 

1.0 

1.0 

Open gate valve 

0,5 

0.7 

Open globe valve 

12.0 

17.0 

Angle radiator valve 

1 2.0 

3.0 

Radiator- 

3.0 

4.0 

Boiler or heater— 

3.0 

4.0 

Tee, per cent flowing through branch: 



ion 

1.8 

1.2 

5a_-_ 

4.0 

4.0 



16.0 

20.0 



and this will require ^-in. pipe. Section PQ carries 10 Mbh and requires 34 in. pipe. 
To size the return start from the boiler and proceed backwards. Section IR carries 
40 Mbh and from Fig. 3 a 1-in. pipe is required. Section RS carries 30 Mbh which is only 
slightly over the capacity of a %-in- pipe, so use M in. Section ST carries 20 Mbh and 
requires a ?i-in. pipe. The radiator branches are determined in the same manner. It is 
evident from the chart that it is impossible to maintain a constant friction loss per foot 
and therefore as the delivery varies there will be a change in the desired friction loss per 
foot of pipe. 

Table 4. Piping Check Chart 



Pipe 


Pipe 

Unit Head 

Friction 

Milinches 

Total 

Load, Mhh 

Length 

Ft 

Elbows 

Size 

In. 

Milinches 
per Ft 

Loss 

Milinches 


Supply Main 


ab 

98 

37 

1 

IH 

240 

9600 

9,600 

BC 

5S 

2 

4 

iJi 

90 

1080 

10,680 

CD 

38 

16 

1 

1 

165 

2790 

13,470 

DE 

23 

9 

0 

% 

220 

1980 

15,450 

EF 

11 

12 

0 


240 

2880 

18,330 

FG 

4 

16 

1 

^ i 

50 

850 

19,180 


Return Main 


HI 98 

5 

5 

IK 

240 

4320 

4,320 

IJ 58 

11 

1 

IK 

90 

1260 

5,580 

JK 54 

16 

1 

1 

300 

5400 

10.880 

KL 47 

11 

0 

1 

230 

2530 

13,410 

LM 35 

9 

0 

1 

140 

1260 

14,670 

MN 20 

15 

1 

K 

170 

2890 

17,560 

Radiator Circuits 

CN 20 Supply 

3 

13 

K 

170 

3910 


Return 

4 

2 

K 

170 

1190 

5,100 

DM 15 Supply 

3 

19 

K 

420 

9250 


Return 

4 

17 

K 

96 

2880 

12,130 

EL 12 Supply 

14 

20 

K 

270 

9180 


Return 

15 

20 

K 

270 

9450 

18.630 

FK 7 Supply 

3 

19 


100 

2200 


Return 

4 

17 

>1 

100 

2100 

4,300 

GJ 4 Supply 

8 

5 

H 

50 

650 


Return 

9 

17 


50 

1300 

1.950 
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It is desirable to check the various circuits so that if the variation from the calculated 
resistance is too great, it may be compensated by adding additional resistance at the 
proper point. This may be accomplished by sizing the short circuits by the procedure 
previously outlined. Prepare a chart such as Table 4 to be used in calculating the 
resistance of each circuit. 

Section AB carries 98 Mbh with a unit head of 240 milinches per foot. In section AB 
there are 37 ft of pipe and 134 in. elbow. At 240 milinches per foot this is equivalent to 
9600 milinches total loss in this section. Section BC carries 58 Mbh with a length of 2 ft 
and 4 elbows. The unit loss in this section is 90 milinches per foot. Loss in this section is 
then 1080 milinches. Section CD carries 38 Mbh and has 16 ft of pipe and 1 elbow. The 
unit loss in 1-in. pipe is 155 milinches. The loss in this section is 2790 milinches. The 
balance of the supply main and the return main are handled in a similar manner. 

The radiator circuits are then checked. The 20 Mbh radiator on this circuit has 3 ft 
of supply pipe and 13^ elbow equivalents while the return is composed of 4 ft and 2 
elbows. The unit loss in in. pipe at this delivery is 170 milinches per foot. The total 
loss in the supply is 3910 milinches. The loss in the return is 1190. Total loss in the 
radiator circuit is 5100 milinches. Check each radiator circuit in a similar manner. 

The total calculated loss for the longest circuit was determined as 60,000 milinches. 
The maximum loss in the short circuit is 18,630 plus 13,410 plus 15,450 or a total of 



PUMP 

Fig. 5. A Forced Circulation Direct Return System 

47,490 milinches. This difference is caused by the variation in length of the two circuits 
and may be corrected by using a flow control in the return main to supply the additional 
resistance or by introducing resistance into each separate circuit to compensate for the 
difference. A 10 per cent variation will cause no complication as the flow from the various 
pipes will not exactly follow the curves of Fig. 3 any closer than this value. 

Example 2. Design a two-pipe direct return forced circulation system with copper 
tubing and fittings for the piping layout as detailed in Fig. 5, based on a 20 F tempera- 
ture drop through the radiation. 

The piping circuit from the boiler to the highest radiator on the farthest riser and 
back to the boiler is 250 ft of pipe. There are about 16 elbow equivalents having an 
equivalent pipe length of about 50 ft, so that the total equivalent pipe length is 300 ft. 

Assume that a circulator is available which will provide a pressure head of 6 ft 

Solution. Refer to Table 2, which indicates the total equivalent lengths for pressure 
heads from 2 to 12 ft. With a circulator having a 6 ft pressure head and a system with 
a total equivalent length of 300 ft, the piping system will be designed on a basis of 240 
milinch. 

Checking the piping diagram it will be noted that sections AB and KA, both supply 
117.6 Mbh. Referring to tJie 240 milinch column of Table 2, 1 in. is shown to be the 
necessary pipe size. Sections BC and JK carry 88.8 Mbh and require 134 in. tubing. 
Sections CD and IJ supply 67.2 Mbh and require 134 in. tubing. Sections DE and HI 
supply 43.2 Mbh, which requires 1 in. tubing. Sections EF and GH with a load of 14.4 
Mbh require % in. tubing. 

The risers are pipe sized in a similar manner. To secure proper distribution of hot 
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water in the direct return system among the several risers, it is necessary to introduce 
resistances to balance the circuit. 

The first riser is 80 ft nearer the boiler than the fifth riser. In order that the two may 
be balanced, that is, operated under equal pressure heads, resistance must be added to 



the first riser equal to the friction head in the 80 ft of supply main B to F plus the 80 ft of 
return main G to K for a total of 160 ft of pipe. 

Having designed the piping system on a 240 milinch basis, the total friction head in 
the supply and return mains between the first and fifth risers is therefore 160 X 240 = 
38,400 milinches, or 3.2 ft which must be supplied by additional resistance in the first 
riser. This resistance can be supplied by an adjusting valve or by an orifice of size 
selected from Table 5. 
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GRAVITY CIRCULATION PIPE SIZES 

In gravity hot water heating systems the difference in temperature 
(density) between the flow and return produces the circulation of the 
water. The temperature difference is usually made from 25 to 35 F. 
Having determined the temperature difference and the temperature of 
flow, Fig. 6 can be used to obtain the pressure head, and from this point 
the calculations are the same as for forced hot water. Heat emission 
rates from 150 to 170 Btu per square foot are commonly used so that 
flow temperatures range from 180 to 200 F or higher. Assuming a flow 
temperature of 200 F and 35 F drop and the mains 4 ft above the boiler, 
a circulating pressure head of 600 milinches results. Assuming first floor 
radiators 3 ft above the mains and second floor radiators 12 ft above 
mains, third floor 21 ft and fourth floor 30 ft, the circulating pressure 
heads are 450, 1800, 3150 and 4500 milinches respectively. 



Fig. 7. A One-Pipe Gravity Circulation System 

The following examples will illustrate the method to be followed in 
designing a gravity hot water system : 

Eocample S. Design a one-pipe ^avity circulation system for the layout shown in 
Fig. 7. Assume that the main circuit consists of 150 ft of pipe, 7 elbows, and one boiler. 

Solution, Replace the boiler by 3 elbow equivalents and assume that the size of the 
main will be about 2 in. According to Table 6, Column 2, a 2-in. elbow is equivalent 
to 4 ft of pipe, and the total equivalent length of the main will be a1$out 150 plus 40, or 
190 ft. Assuming that the center of the boiler will be about 4 ft lower than the horizontal 
portion of the main and that the temperature drop in the system is to be 35 F, Table 6 
may be used to determine the size of the mains. Note from Column 8, for a 200 ft 
length, that a 2-in. main will supply 48 Mbh and a 2J^-in. main, 75.4 Mbh. Since the 
system to be designed is to supply 66 Mbh, a 2-in. pipe is too small and a 2H-ln. pipe 
too large. The solution is to use some 2 in. and some 2}^ in, pipe. Since the 2J^ in. is 
nearer the correct size than the 2 in., select 2-in. pipe for the first 50 or 60 ft from the 
boiler and 2 in. for the remaining pipe back to the boiler. 

Tables 7 and 8 may be used to design the radiator risers and connections. According 
to Table 7, for 12 Mbh the flow riser should be % in. and the return riser 1 in., and the 
riser branches should be 1 in. and 1 in., resp^tively. Note that according to Table 8. 
both radiator tappings should be 1 in. To simplify the construction, select 1-in. flow 
risers with 1-in. riser branches and 1-in, radiator tappings. Also select 1 34-in. return 
risers with IK-in. riser branches, and IJi-in. radiator tappings. Similarly, for 18 Mbh, 
select 134 -ln. flow and return risers and riser branches, and IM-in. radiator tappings. 

To develop a rule for determining radiator sizes, assume a system 
similar to that of Fig. 7, in which the total temperature drop is to be 35 F 
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Table 5. Friction Heads (in Milinches) of Central Circular 
Diaphragm Orifices in Unions 


Diameter 

OP 


Velocitt of Water in Pipe in Feet per Minute 


Orifices 

(Inches) 

10 

15 

20 

30 

40 

50 

60 

90 

120 

180 

^i-in. Pipe 

0.25 

1300 

2900 

5000 

11,300 

20,800 

32,000 

45,000 




0.30 

650 

1450 

2500 

5700 

10,400 

16,000 

23,000 

57,000 



0.35 

330 

740 

1300 

2900 

5200 

8000 

12,000 

26,000 

47,000 


0.40 

170 

380 

660 

1500 

2600 

4000 

6800 

13,000 

24,000 

53,000 

0.45 


185 

330 

740 

1300 

2000 

2900 

6500 

12,000 

27,000 

0.50 



155 

350 

620 

970 

1400 

3200 

5700 

13,000 

0.55 



75 

170 

300 1 

480 

700 

1600 

2800 

6400 


1-in Pipe 


0.35 

900 

2000 

3500 

7800 

14,000 

22,000 

32,000 




0.40 

460 

1000 ! 

1800 

4000 

7200 

12,000 

17,000 

37,000 

65,000 


0.45 

270 

570 1 

1000 

2300 

4100 

6400 

9300 

21,000 

37,000 


0.50 

160 

330 

580 

1400 

2300 

3700 

5400 

12,000 

22,000 

50,000 

0.55 


190 

330 

750 

1300 

2200 

3000 

7000 

13,000 

28,000 

0.60 



200 

440 

800 

1300 

1800 

4200 

7400 

17,000 

0,65 



120 

260 

460 

720 

1100 

2400 

4300 

10,000 


Pipe 


0.45 

1000 

2250 

4000 

8900 

16,000 

25,000 

36,000 




0,50 

660 

1450 

2600 

5800 

10,400 

16,400 

23,000 

53,000 



0.55 

430 

950 

1700 

3800 

6800 

10,500 

15,000 

34,000 

60,000 


0.60 

280 

630 

1100 

2500 

4400 

6900 

10,000 

22,000 

40,000 


0.65 

190 

420 

750 

1700 

3000 

4700 

6700 

15,000 

27,000 

60,000 

0.70 


285 

510 

1150 

2000 

3100 

4500 

10,000 

18,000 

40,000 

0.75 


190 

330 

750 

1300 

2100 j 

3000 

6700 

12,000 

26,000 


Pipe 


0.55 

850 

1900 

3300 

7400 

13,000 

21,000 

30,000 




0.60 

600 

1300 

2300 

5400 

8600 

16,800 

21,000 

50,000 



0.65 

400 

850 

1500 

3600 

7200 

10,400 

14,000 

30,000 

53,000 


0.70 

260 

600 

1100 

2600 

4400 

7000 

10,000 

21,000 

39,000 


0.75 

180 

400 

760 

1800 

3000 

5000 

7000 

14,000 

28,000 


0.80 


300 

540 

1200 

2200 

3200 

5000 

10,200 

19,000 

45,000 

0.85 


200 

380 

860 

1600 

2300 

3000 

7800 

13,000 

30,000 


2-in, Pipe 


0.70 

890 

1850 

3500 

7400 

14,000 

22,300 

33,000 




0.80 

470 

975 

1800 

3900 

7400 

11,700 

17,000 

37,000 



0.90 

255 

560 

1000 

2200 

4200 

6500 

9500 

20,500 

38,000 


1.00 

160 

340 

610 

1320 

2520 

4000 

5800 

12,500 

23,000 

49,000 

1.10 


214 

375 

850 

1600 

2500 

3700 

7900 

14,000 

30.000 

1.20 



195 

460 

950 

1360 

1910 

4200 

8100 

16,800 

1.30 




275 

525 

980 

1375 

3100 

4400 

8850 


The losses of head for the orifices in the IH-In* and 2-in. pipe were calculated from those in the 
smaller pipes, the calculations being based on the assumption that, for any given veloaty, the loss of head 
IS a function of the ratio of the diameter of the pipe to that of the orifice. This had been found to be 
practically true in the tests to determine the losses of head in orifices in %-in., 1-in., and IJ^-in. pipe, con- 
ducted by the Texas Engineering Experiment Station, and also in the tests to determine the losses of head 
12-in- pipe, conducted by the Engineering Experiment Station of the University 
of Illinois, iBullehn 109, Table 6, p. 3S, Davis and Jordan). 
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and which is equipped with 7 radiators, all radiators dissipating equal 
quantities of heat. The mean temperature of the water in the radiators 
will be reduced 5 F for each successive radiator. If the mean temperature 
of the water in the first radiator is 200 F, the mean temperature of the 
water in the seventh radiator will be 170 F, and, according to Table 5, 
Chapter 13, the heat dissipation of these tw’o radiators will be to each 
other as 1.62 is to 1.15, or as 140 is to 100, and therefore if the last radiator 
is to dissipate as much heat as the first, its size must be 40 per cent larger. 

Example 4^ Design a two-pipe, direct return, gravity circulation system for the lay- 
out shown in Fig. 8. Assume that the main circuit from the boiler to the farthest flow 
riser and from the farthest return riser back to the boiler consists of 160 ft of pipe, 
6 elbows, and 1 boiler. 

Solution, Replacing the boiler by 3 elbow equivalents and assuming that the largest 
size of the main will be about 3 in., the total equivalent length of the main will be 160 
plus 45. or 205 ft. Assuming that the center of the boiler will be about 4 ft lower than the 
horizontal portion of the main, and that the temperature drop will be 35 F for the 



system, the pressure head caused by the difference in weight between the water in the 
flow and return risers joining the mains to the boiler will be about 0.6 in. of water. 

Table 6 may be used to determine the size of the main as follows: Refer to Column 8 
and note that for Sections AB and lA^ which supply 105.6 Mbh, a 3-in. pipe is too large 
and a pipe is too small,* hence, select 2)4 in- rather than 3 in. as noted in Fig. 8 

for Section AB and 3 in. for Section lA, For Sections BC and HI, which supply 76.8 
Mbh, a 2H-in. pipe is almost exactly the correct size and is selected for both sections. 

Tables 7 and 8 are based on the assumption that the boiler pressure head must be 
equal to the friction head in the mains, and that the several radiator pressure heads must 
be equal to the respective radiator and riser friction heads. 

To design the radiator risers, use Table 7 and begin with the set nearest the boiler. 
The first floor risers must supply 28.8 Mbh. According to the table, l34-in. flow and 
return risers will supply 26.0 Mbh; if the return riser is increased to 1)4 in., the capacity 
will be increased to 34.0 Mbh. This is considerably larger than necessary, and iK-in. 
flow and return risers are selected. However, it must be remembered that the riser 
branches, whidb are the connections from the flow and return mains to the flow and 
return risers, are to be one size larger than the risers. 

The second floor risers must supply 19.2 Mbh. According to the table, the capacity 
of 1 in. flow and return risers is 20.0 Mbh, and that size is selected. 

The third floor risers must supply 9.6 Mbh. If a }4-in, flow and a ?^-in. return riser 
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Table 6 Capacities of Mains in Mbh, for One-Pipe and for Two-Pipe Direct 
Return Gravity Circulation Systems with a Total Friction Head 
of 0.6 In., A Temperature Drop of 35 F. when the Mains 
ARE 4 Ft abo\’r the Center of the Boiler 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Pips 

Sizx 

(iNCHSS) 

Equivalunt 

Lzngth 

OP Pipe 
(FEBT al 

Equivaient Total Length op Pipe m Feet in Longest Circuit 

75 

100 

123 

150 

175 

200 

250 

300 

350 

Unit Friction Head, in Milinches 

8.0 

6.0 

4.8 

4.0 

3.4 

3.0 

2.4 

2.0 

1.7 

m 

3.0 

4S.0 

87.5 

83.0 

80.0 

27.0 

25.0 

22.2 

20.2 

18.7 

2 

4.0 

83.0 

7S.0 

63.0 

57.0 

51.0 

48.0 

42.0 

88.0 

85.0 


4.0 

140.0 

115.0 

100.0 

90.0 

81.5 

75.4 

67.2 

61.0 

56.0 

3 

1 

5.0 

234.0 

204.0 

175.5 

160.0 

143.0 

138.0 

110.0 

107.5 

100.0 



$47.0 

800.0 

260.0 

286.0 

214.0 

200.0 

177.0 

160.0 

146.0 

4 

6.0 

490.0 

4220 

870.0 

334.0 

297.0 

278.0 

248.0 

223.0 

205.0 


aApproximate length of pipe in feet equivalent to one elbow in friction head. This value varies with 
the velocity. 


are used, the capacity will be 8.0 Mbh; if both risers are % in., the capacity will be 
14.0 Mbh. The ?<-in. pipe is selected for both risers. 

To design the radiator connections, use Table 8 and note that for the first floor 
radiator connections the capacity of a ^-in. flow and 1-in. return is 9.1 Mbh, and that of 
a 1-in. flow and a 1-in. return is 12.5 Mbh. The former is more nearly the correct size, 
but since it is difficult to secure a good flow through first floor radiators, the 1-in. flow 
and return connection is selected. For the two upper floors, the capacity of a %An. flow 
and return connection is 10.5 Mbh, and that size is used. 

Table 7. Maximum Capacities of Risers^ in Mbh, and Velocities of Water in 
Pipes in Inches Per Second for One-Pipe and for Two-Pipe Direct 
Return Gravity Circulation Systems with a Drop of 
35 F through Each Radiator 


Pipe Size (Inches) 

Equivalent Length 
OF Pipe (Fbetc) 

1st FLOORb 

2nd Floor 

3ED AND 4th Floors 

Flow 

Return 

Mhh 

Vel (In. per Seed) 

Mhh 

Mhh 

Flow 

Return 

H 


1.0 




5.0 

6.2 

M 

H 





6.4 

8.0 


H 

1.5 

9 

2.3 

2.3 

10.1 

14-0 

% 

1 


12 

3.2 

2.0 

IS. 8 

17.1 

1 

1 

2.0 

18 

2.5 

2.5 

SO.O 

26.0 

1 



21 

3.0 

2.0 

S5.S 

34.0 

IM 

m 

3.0 

26 

3.0 

3.0 

43.0 

55.0 

IH 

m 


34 

4.0 

2.5 

\ 


IH 

m 

3.5 

48 

3.0 

3.0 




aThis table is based on pressure heads of 450, 1800, 3150, and 4500, respectively, for the first, second, 
third, and fourth floor radiators, and on friction heads of 200 milinches for the fiwt floor radiators and con- 
nections, and 700 milinches for all other radiators and their connections. 

hXhe riser branches, the piping which connects the risers to the mains, are to be one size larger than the 
risers. 

oApproximate length of pipes in feet equivalent to one elbow in friction head. This value varies with 
the velocity. 

d Velocities apply to the riser branches. 
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Table 8. Maximum Capacities of Radiator Connections in Mbh, for One-Pipe 
AND FOR Two- Pipe Direct Return Gravity Circulation Systems with 
A Temperature Drop of 35 F through Each Radiator 


Pips Sizk 

Equivalent Length 

OP Pipe (FEEra) 

l8T Floor 

2nd, 3rd, and 4Ta Floors 

Flow 

Return 

Mhh 

Mhh 

H 


1.0 


5.9 


% 


5 ,^ 

7.5 

% 

% 

1.5 

7.0 

10.5 

K 

1 


9.1 

13.0 

1 

1 

2.0 

12.5 

17.8 

1 



17.6 

23.2 


m 

3.0 

23.3 

33.2 


aApproximate length of pipe in feet equivalent to one elbow in friction head. This value varies with 
the velocity. 


As expleiined in the design of the forced circulation system of Fig. 6, 
the two-pipe direct return system of Fig. 8 will not function correctly 
unless its four sets of risers are balanced among themselves. This neces- 
sary balancing is accomplished by adding resistances to all risers, except 
the one farthest from the boiler, equal to the excess boiler pressure heads 
available for those risers above the boiler pressure head available for the 
farthest riser. For example, the first set of risers is 60 ft nearer the boiler 
than the last set. Since the flow and return mains are designed for a 
friction head of 3 milinches per foot (see Table 6, Column 8), the boiler 
pressure head available for the first set of risers is 360 milinches in excess 
of that available for the fourth set. The velocity in the riser branch is 
3 in. per second (see Table 7) and, therefore, according to Table 5, an 
0.65-in. orifice in a lJ4-In. union should be used. This will provide a 
resistance of about 420 milinches. In the same manner it is found that 
for the second set of risers a resistance of 240 milinches is required and 
that an 0.70-in. orifice in a 13^-in. union will provide a resistance of 285 
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milinches. For the third set of risers, a resistance of 120 milinches is 
required and an 0.60-in. orifice in a 1-in. union will provide sufficient 
resistance. 


EXPANSION TANKS 

Expansion tanks may be either of the open or of the closed type. In 
the open type, (see Fig. 9) the water is subject to atmospheric pressure 
only, but in the closed tank (see Fig. 10) the system is under pressure and, 
therefore, a relief valve should be placed on the tank. Water expands 
about 4 per cent when being heated from 40 F to 200 F, and the expansion 
tank should have a volume about twice the actual expansion or about 
8 per cent of the total volume of water in the entire system including 
boiler, radiators, pipes, etc. Open expansion tanks should be at least 
3 ft above the highest radiator and be protected against freezing. Closed 
tanks are generally placed in the cellar over the boiler. 

A relief valve installed on a closed tank will not operate often provided 
the tank is of adequate size. It is essential that the relief valve be kept in 
good condition to eliminate any possible failure when operation is 
necessary. 


INSTALLATION DETAILS 

Attention should be paid to the following: 

All piping must be so pitched that all air in the system can be vented either through 
an open expansion tank, radiators or automatic reli^ valves. 

^ ^1 piping must be arranged so that the entire system can be drained. Sections of 
piping individually valved shall have corresponding drain valves. 

In large buildings, the piping may be zoned according to exposure of building, usage 
of building, or method of control. 

All piping must be installed so that it is free to expand and contract with changes of 
temperature without producing undue stresses in the pipes or connections. For this 
purpose it is generally sufficient to allow for a variation in length of 1 in. for 100 ft of pipe. 

The pipe system should be designed so that each circuit has its correct friction head 
for balanced water distribution. This may be done by change of pipe size or change in 
piping detail. 

^ The connections from the boiler to the mains should be short and direct, to reduce the 
friction head and allow for expansion. It is frequently possible to avoid an elbow and 
to reduce the length of the pipe by running the pipe in a diagonal direction, either in a 
horizontal or in a vertical plane. 

The mains and branches should pitch up and away from the heater, generally not 
less than 1 in. in 10 ft. 

The connections from mains to branches and to risers should be such that circulation 
through the risers will start in the right direction. Hence, in a one-pipe system the flow 
connection must be nearer the heater than the return connection. In a correctly- 
designed two-pipe system, the pressme in the flow main is higher than that in the return 
main, and a slight variation in the distances of the flow and return connections from the 
h^ter is not material; but it is generally best to have the two connections about equally 
distant from the heater. 

Generally connections to risers or radiators are taken out of the top of mains either 
45 or 90 deg. In some cases it may be advisable to take the flow connection off the top 
of the main and the return connection from the side. 

With forced circulation and high velocities, it is advisable to let the water enter at the 
top of the radiator and leave at the bottom of the opposite end. With gravity circulation 
the flow connection may be either at the top or at the bottom of the radiator. With 
short radiators both flow and return may be at same end, but top and bottom. 

Unless used as heating surface, all piping, both flow and return, should be insulated. 
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DISTRICT HEATING 


Steam Distribution Pipings Selection of Pipe Sises, Provision 
for Expansion, Capacity of Returns with Various Grades, 
Conduits for Piping, Pipe Tunnels, Inside Piping, Steam Re-- 
quirements, Fluid Meters and Metering, Rates, Utilisation, 
Automatic Temperature Control 


T hose phases of district heating which frequently fall within the 
province of the heating engineer are outlined here with data and 
information for solving incidental problems in connection with institutions 
and factories. Some data are included to cover the piping peculiar to 
heating systems which are to be supplied with purchased steam. A com- 
plete district heating installation should not be attempted without a 
thorough study of the entire problem by men competent and experienced 
in that industry. 


STEAM DISTRIBUTION PIPING 

The methods used in district heating work for the distribution of steam 
are applicable to any problem involving the supply of steam to a group of 
buildings. The first step is to establish the route of the pipes, and in this 
matter the local conditions so fully control the layout that little can be 
said regarding it. 

Having established the route of the pipes, the next step is to calculate 
the pipe sizes. In district heating work it is common practice to design 
the piping system on the basis of pressure drop. The initial pressure and 
the minimum permissible terminal pressure are specified and the pipe 
sizes are so chosen that the required amount of steam, with suitable 
allowances for future increases, will be transmitted without exceeding 
this pressure drop. The steam velocity is therefore almost disregarded 
and may reach a very high figure. Velocities of 35,000 fpm are not con- 
sidered high. By the use of this method the pipe sizes are kept to a 
minimum with consequent savings in investment. 

The steam flowing through any section of the piping can be computed 
from a study of the requirements of the several buildings served. In 
general a condensation rate of 0.25 lb per hour per square foot of equiva- 
lent heating surface is a safe figure. This allows for line condensation 
which, however, is a small part of the total at times of maximum load. 
Miscellaneous steam requirements such as laundry, cooking, or process 
should be individually calculated. 

The steam requirements for water heating should be taken into account, 
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but in most types of buildings this load will be relatively small compared 
with the heating load and will seldom occur at the time of the heating 
peak. Unusual features such as large heaters for swimming pools should 
not be overlooked. 

The pressure at which the steam is to be distributed will depend upon 
(1) boiler pressure, (2) whether exhaust or live steam, (3) pressure require- 
ments of apparatus to be served. If steam has been passed through 
electrical generating units, the pressure will be considerably lower than if 
live steam, direct from the boilers, is used. 

The advantages of low pressure distribution (2 to 30 lb per square inch) 
are (1) smaller heat loss from the pipes, (2) less trouble with traps and 
valves, (3) simpler problems in pressure reduction at the buildings, and 
(4) general reduction in maintenance costs. With distribution pressures 
not exceeding 40 lb per square inch there is little danger even if the full 
distribution pressure should build up in the radiators through the faulty 
operation of a reducing valve; but with pressures higher than this a 
second reducing valve or some form of emergency relief is usually desirable 
to prevent excessive pressures in the radiators. 

The advantages of high pressure distribution are (1) smaller pipe sizes 
and (2) greater adaptability of the steam to various operations other than 
building heating. 

The different kinds of apparatus which frequently must be served 
require various minimum pressures. Kitchen equipment requires from 
5 to 16 lb per square inch, the higher pressures being necessary for 
apparatus in which water is boiled, such as stock kettles and coffee urns. 
An increased amount of heating surface, which is easily obtained in some 
kinds of apparatus, results in quicker and more satisfactory operation at 
low pressures. For laundry equipment, particularly the mangle, a pres- 
sure of 75 lb per square inch is usually demanded although 30 lb per square 
inch is sufficient if the mangle is equipped with a large number of rolls and 
if a slow rate of operation is permissible. Pressing machines and hospital 
sterilizers require about 50 lb per square inch. 


PIPE SIZES 


The lengths of pipe, steam quantities, and initial and terminal pressures 
having been chosen, the pipe sizes can readily be calculated by means of 
the Unwin pressure drop formula. This is one of several formulae which 
may be used. Unwin’s formula, which gives pressure drops slightly 
larger than actual test results, is as follows: 


where 


0.0001306 W^L 


P “ pressure drop, pounds per square inch. 

W = weight of steam flowing, pounds per minute. 

L = length of pipe, feet. 

D — inside diameter of pipe, inches. 
d = average density of steam, pounds per cubic foot. 


( 1 ) 


This formula is similar to the Babcock formula given in Chapter 16. 
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Information on provision for expansion will be found in Chapter 18. 

Where steam and return piping are installed in the same conduit, the 
return piping usually follows the same grade as the steam piping. In 
general, the condensation is pumped back under pressure. Where the 
condensation returns by gravity, Table 1 gives the sizes of the return 
piping. It is evident that at points where the grade is great, smaller pipes 
can be installed. 


CONDUITS FOR PIPING 

Conduits for steam pipes buried underground should be reasonably 
waterproof, able to withstand earth loads and to take care of the expan- 
sion and contraction of the piping without strain or stress on the couplings, 
or without affecting the insulation or conduit. Expansion of the piping 
must be carefully controlled by means of anchors and expansion joints 
or bends so that the pipes can never come in contact with the conduit. 
Anchors can be anchor fittings or U-shaped steel straps which partially 
encircle the pipes and are firmly bolted to a short length of structural or 
cast steel set in concrete. In general, cast steel is preferable to struc- 
tural steel. 

Table 1. Capacity of Returns for Underground Distribution Systems in 
Pounds of Condensate per Hour 


SlZB^ 
OP PlPB 



Pitch op Pipb pe» 100 Ft 



In. 

6' 

1' 

2' 

3 ' 

S' 

10' 

20' 

1 

448 

998 

1890 

2240 

3490 


7490 

IH 

1740 

2490 

3990 

4880 



13500 

IH 

2700 

4190 

5740 

7480 

9480 


20900 

2 

4980 

7380 

10700 

13900 

16900 


36900 

3 

13900 

22500 

30900 

37400 

50400 


105000 

4 

30900 

44800 

64800 

79700 

105000 

154000 

229000 

5 

54800 

79800 

120000 

144800 

195000 

294000 

418000 

6 

8 

90000 

190000 

138000 

277000 

187000 

404000 

237000 

508000 

312000 

660000 

449000 

938000 


10 

12 

344000 

555000 

498000 

798000 

724000 

1148000 

900000 

1499000 

1190000 

1990000 

— 

— 


aSize of pipe should be increased if it carries any steam. 

In laying out underground conduits the following points should be 
borne in mind: 

1. The depth of the buried conduit should be kept at a minimum. Excavation costs 
are a large factor in the total cost, 

2. An expansion joint, offset, or bend should be placed between each two anchors. 

3. If the distance between buildings is 150 ft or less and the steam line contains high- 
pressure steam, the line may be anchored in the basement of one building Eind allowed to 
expand into the basement of the second building. If the steam line contains low-pressure 
steam (up to 4-lb pressure), this method may be used if buildings are 250 ft or less apart. 

4. If the distance between buildings is between 150 ft and 300 ft and the steam line 
contains high-pressure steam, the lines should be anchored midway between the buildings 
and allowed to expand into the basements of both buildings. If the steam line contains 
low-pressure steam this method may be used if buildings are between 250 ft and 600 ft 
apeirt. No manhole is required at the anchor, and a blind pit is all that is necessary. 

5. For longer lines, manholes must be located according to experience, physical con- 
ditions and the expansion value of the type of expansion joint or bend that is used. The 
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minimum number of manholes will be required when an expansion bend, or an anchor 
with double expansion joint, is placed in each manhole and the pipes are anchored mid- 
way betw'een manholes. 

6. A proper hydrostatic test should be made on the assembled line before the insula- 
tion and the top of the conduit are applied. The hydrostatic test pressure should be 
one and one-half times the maximum allowable pressure and it should be held for a 
period of at least two hours without evidence of leakage. In any case the pressure should 
be no less than 100 lb per square inch. 

There are many types of conduits, some of which are manufactured 
products and some of which are built in the field. The styles and con- 
struction of conduits commonly used may be classified as follows. Some 
of the more common forms are illustrated in Fig. 1. 




Fig. 1. Construction Details of Conduits Commonly Used 


Wood Casing: The pipe is ^closed in a cylindrical casing usually having a wall 4 in. 
thick and built of segments which are bound together by a wire wrapped spirally around 
the casing. The casing is lined with bright tin and coated with asphaltum. The pipe is 
supported on rollers carried in a brac&t which fits into the casing. The lengths of 
casing are tightly fitted together with a male and female joint. This form of conduit is 
illustrated in Fig. 1 at ^4. The casing rests on a bed of crushed stone with tile drains laid 
below. The tile drains are of 4-in. field tile or vitrified sewer tile, laid with open joints. 

Filler Type:^ The pipes are supported on expansion rollers properly supported from 
the conduit or independent masonry base. The pipes are protected by a split-tile conduit, 
and the entire space between the pipes and the tile is filled with an insulating filler. Thus 
the pipes are nested and the insulation between them and the tile effectively prevents 
circulation of air. The conduit is placed on a bed of gravel or crushed rock from 4 to 6 in. 
thick, which is extended upward so as to come about 2 in. above the parting lines of the 
tile. A tile underdrain is placed beneath the conduit throughout the entire length and is 
connected to sewers or to some other point of free discharge. At B and D in Fig. 1 are 
shown two forms of tile conduit of the filler type. 

Circular Tile or C<^t-Iron Conduit: The pipes are carried on expansion rollers sup- 
ported on a frame which rests entirely on the side shoulders of the base drain foundation. 
The pipes are protected by a sectional tile conduit, scored for splitting, or a cast-iron 
conduit, both being of the bell and spigot type. The conduit has a longitudind side joint 
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for cementing, after the upper half of conduit is in place, so shaped that the cement is 
keyed in place while locking the top and bottom half of the conduit together with a 
water-tight vertical side joint. The cast-iron conduit has special side locking clamps in 
addition to the vertical side joint. The entire space between the conduit and the pipes is 
filled with a water-proofed asbestos insulation. The conduit is supported on the base 
drain foundation, each section resting on two sections of the base drain, thus inter- 
locking. The base drain is so shaped that it provides a cradle for the conduit, resting 
solidly on the trench bottom and providing adequate drainage area immediately under the 
conduit. The underdrain is connected to sewers or some other point of free discharge. 
For tile conduit the base drain is vitrified salt glazed tile and for cast-iron conduit it is 
either extra heavy tile or cast-iron. A free internal drainage area is also provided to car^ 
away any water that may collect on the inside of the conduit from a leaky pipe or joint in 
the conduit. Broken stone is filled in around the base drain and up to the vertical side 
joint. ^ The broken stone is covered with an asphalted filter cloth to prevent sand 
from sifting through the broken stone and clogging the drainage area of the base drain. 
The tile conduit is made in 2-ft lengths and the cast-iron conduit in 4-ft lengths, cast in 
separate top and bottom halves. Special reinforcing ribs give the cast-iron conduit ample 
strength with minimum weight. 

Insulated Tile^ Type.\ The insulating material, diatomaceous earth, is molded to the 
inside of the sectional tile conduit. The space between the pipes and the insulating con- 
duit lining may also be filled with insulation. The pipes are carried on expansion rollers 
supported on a frame which rests on the side shoulders of the base drain foundation. 
This type of conduit has the same mechanical features as those described under the 
heading Circular Tile or Cast-Iron Conduit. 

Sectional Insulation Type (Tile or Cast-Iron): Each pipe is insulated in the usual way 
with any desired t 3 ^e of sectional pipe insulation over which is placed a standard water- 
proof jacket with cemented joints. The pipes are enclosed in a sectional tile or cast-iron 
conduit as described under the heading Circular Tile or Cast-Iron Conduit. 

Sectional Insulation Type (Tile or Concrete Trench): A type of construction frequently 
used in city streets, where service connections are required at frequent intervals, the 
pipes are insulated as described in the preceding para^ph, and are enclosed in a box 
or trench made either entirely of concrete, or with concrete bottom and specially con- 
structed tile sides and tops. The pipes are supported on roller frames secured in the 
concrete. At C and E, Fig. 1, are shown two tile conduits using sectional insulation. In 
these particular designs the space surrounding the pipe is filled partially or wholly with a 
loose insulating material. The use of loose material in addition to the sectional insula- 
tion is, of course, optional and is only justifiable where high pressure steam is used. The 
conduit shown at F is of a similar type and has the advantage of being made entirely of 
concrete and other common materials. 

Sectional Insulation Type (Bituminized Fibre Conduit): Each pipe is individually 
insulated and encased in a bituminized fibre conduit. The insulating material is 85 
per cent carbonate of magnesia sectional pipe covering, applied in the usual manner as 
on overhead pipes, except that bands are omitted. After every fifth section of niapiesia 
covering there is applied a short, hollow section of very hard asbestos material in ^e 
bottom portion of which rests a grooved-iron plate carrying ball-bearings upon which 
the pipe rides when expanding or contracting. This short expansion section is of the 
same outside diameter as the adjacent 85 per cent magnesia covering. Over the pipe 
covering and expansion device there are placed two layers of bituminized fibre conduit 
with all joints staggered, and the surface of each conduit is finished with liquid cement. 
Conduits are placed on a bed of crushed rock or gravel, approximately 6 in. deep, and 
this is extended upward to about the center line of the conduit when trench is backfilled. 
Underdrains leading to points of free discharge are placed in the gravel or crushed 
rock beds. 

Special Water-Tight Designs: It is occasionally necessary to install pipes in a very wet 
ground, which calls for special construction. The ordinary tile or concrete conduit is not 
absolutely water tight even when laid with the utmost care.^ The conduit shown at G, 
Fig. 1, is of cast-iron with lead-calked joints and^ is water-tight if properly laid. It is 
obviously expensive and is justified only in exceptional cases. A reasonably satisfactory 
construction in wet ground is the concrete or tile conduit with a water-proof jacket 
enclosing the pipe and its insulation, and with the interior of the conduit carefully 
drained to a manhole or sump having an automatic pump. It is useless to install external 
drain tile when the conduit is actually submerged. 
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Fig. 2. Connections for REOuaNG Valves of Size Less thal 4 In. 

PIPE TUNNELS 

Where steam heating lines are installed in tunnels large enough to 
provide walking space, the pipes are supported by means of hangers or 
roller frames on brackets or frame racks at the side or sides of the tunnel. 
The pipes are insulated with sectional pipe insulation over which is 
placed a sewed-on, painted canvas jacket or a jacket of asphalt-saturated 
asbestos water-proofing felt. The tunnel itself is usually built of concrete 
or brick and water-proofed on the outside with membrane water-proofing. 

On account of their relatively high first cost as compared with smaller 
conduits, walking tunnels are sometimes not installed where provision for 
the heating lines is the only consideration, but only where they are required 
to accommodate miscellaneous other services or provide underground 
passage between buildings. 

OVERHEAD DISTRIBUTION 

^ In some industrial and institutional applications, the distribution 
piping may be installed, entirely or in part, above ground. This method 
of construction has the advantage of requiring no excavation and being 
easily maintained. 



Fig. 3. Connections for Reducing Valves of Size 4 In. and 
Larger, and for Expanded Valves 
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Pressure reducing valve 


At least 12 feet of pipe 





Customer's work 
starts here 


Customer’s 
pressure 
reducing valve 


Note.- All valves, fittings, and traps up to 
and including customer's control 
valve to be at least equal to 
American Standard 175 lb S S P 
Pipe to be standard weight 

Continuous flow type 
float trap 

Fig. 4. Steam Supply Connection when Using Two Reducing Valves 



INSIDE PIPING 

Figs. 2 and 3 show typical service connections used for low pressure 
steam service. As shown in Fig. 2, no by-pass is used around the reducing 
valve on sizes less than 4 in. Fig. 3 illustrates the use of a by-pass around 
reducing valves 4 in. and larger. This latter construction permits the 
operation of the line in case of failure in the reducing valve. In the smaller 
sizes, the reducing valve can be removed, a filler installed, and the house 
valve used to throttle the flow of steam until repairs are made. 

Fig. 4 shows a typical installation used for high pressure steam service. 
The first reducing valve effects the initial pressure reduction. The 
second reducing valve reduces the steam pressure to that required. 

Most district heating companies enforce certain regulations regarding 
the consumer’s installation, partly to safeguard their own interests but 
principally to insure satisfactory and economical service to the consumer. 
There are certain fundamental principles that should be followed in the 
design of a building heating system which is to be supplied from street 
mains. Although some of these apply to any building, they have been 
demonstrated to be especially important when steam is purchased. 


Return mam 
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1. Provision should he made for conveniently shutting off the steam supply at night and at 
other times when heat is not needed. 

It has been thoroughly demonstrated that a considerable amount of heat can be 
saved by shutting off steam at night. Although there is, in some cases, an increased 
consumption of heat when steam is again turned on in the morning, there is a large^ net 
saving which may be explained by the fact that the lower inside temperature maintained 
during the night obviously results in lower heat loss from the building, and less heat need 
therefore be supplied. 

Steam can be entirely shut off at night in most buildings even in very cold weather 
without endangering plumbing. It is necessary, however, to have an ample amount of 
heating surface so that the^ building can be quickly warmed in the morning. Where the 
hours of occupancy differ in various parts of the building, it is good practice to install 
separate supply pipes to the different parts. For example, in an office building with 
stores or restaurants on the first floor which are open in the evening, a separate main 
supplying the first floor will permit the steam to be shut off from the remainder of the 
building in the late afternoon. The division of the building into zones each with a 
separately controlled heat supply is sometimes desirable, as it permits the heat to be 
adjusted according to variations in sunshine and wind. 

2. Residual heat in the condensate should be salvaged. 

This heat may be salvaged by means of a cooling coil, or as is more frequently done, 
by a water heating economizer (see Fig. 5) which preheats the hot water supply to the 
building. Fig. 6 shows a typical steam service installation for high pressure steam, 
complete for steam flow metering, water heating, preheating, automatic heating control, 
and for using steam for other purposes. 

The condensation from the heating system, after leaving the trap, passes through the 
economizer. The supply to the hot water heater passes through the economizer, ab- 
sorbing h^t from the condensate. If the hot water system in the building is of the 
recirculating type, the recirculating connection should be tied in between the economizer 
and the water heater proper, not at the economizer inlet, because the recirculated hot 
water is itself at a high temperature. The number of square feet of heating surface in the 
economizer should be approximately equal to one per cent of the equivalent square feet 
of heating surface in the building. 

Because of the lack of coincidence between the heating system load and the hot water 
demand, a greater amount of heat can be extracted from the condensate if storage capa- 
city is provided for the preheated water. Frequently a type of economizer is used in 
which the coils are submerged in a storage tank. 

3. Heat supply should he graduated according to variations in the outside temperature. 

This may be done in several ways, as by the use of temperature controls of various 
types or by orifice systems. Another method which is very simple is the use of an ordi- 
nary vacuum return line system in which the pressure in the radiators is varied between 
a high vacuum and a few pounds pressure, thus producing some control over the heat 
output of the heating system by varying the temperature of the steam in the radiators. 
Several proprietary systems are on the market which accomplish this automatically, 
either with outdoor or indoor controls or a combination of both. One form of control 
which appears to be well suited for controlling district steam service to a building is 
the weather compensating control. It regulates the steam supply automatically ac- 
cording to the outdoor temperature, and gives frequent short intervals of intermittent 
steam supply, and at the same time insures delivery of steam to all the radiators. This 
type of control can be equipped with time clocks and thermostats to provide a warming- 
up period in the morning. 

Another form of regulation, known as the time-limit control, is sometimes employed 
for regulating the steam supply from the central station main to the building. Sudi a 
control provides an intermittent supply of steam to the radiators either throughout the 
24 hours of the day or during the daytime hours only. The setting of a switch may 
provide no service, continuous service, or periodic service. For the latter, by means of 
several intermittent settings, steam will be supplied during each period in increments of a 
certain number of minutes for each successive setting of the switch, steam being shut off 
during the balance of the period. These settings afford from 15 to 80 per cent of the 
maximum heating effect required on days of zero temperature. A night switch with a 
variety of settings may be adjusted so as to maintain throughout the night the inter- 
mittent supply called for by the day switch setting, or may be set to interrupt the opera- 
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tion of the day switch and entirely cut off the supply of steam to the radiation at night 
during certain hours which are selected by the operating engineer. 

The maximum in economical operation and satisfactory heating can only be obtained 
by the use of some automatic temperature control system. 


FLUID METERS 

The perfection of fluid meters has contributed more to the advance- 
ment of district heating than any other one thing. These meters may be 
classified as follows: 

1. Positive Meters: The fluid passes in successive isolated quantities — either weights 
or volumes. These quantities are separated from the steam and isolated by alternately 
filling and emptying containers of known capacity. 

2. Differential Meters: In the differential meter, the quantity of flow is not determined 
by simple counting, as with the positive meter, but is determined from the action of the 
steam on the primary element. 


Additional sub-divisions of these two general classifications can be made 
as follows : 


Fluid 

Meters 


Positive - Quantity 


Weighing 

Volumetric 


Quantity - Current - Turbine 


Differential 


Head 

(Kinetic) 


Rate of 
flow 


Area 

(Geometric) 

Head area 
(Weir) 


Weighers 
Tilting trap 

Rotary 

Bellows 


Venturi 
Flow nozzle 
Orifice 
Pitot tube 

Orifice and plug 
Cylinder and piston 

V-notch 
Special notch 


In selecting a meter for a particular installation, the number of different 
makes and types of meters suitable for the job is usually limited by 
one or more of the following considerations: 

1. Its use in a new or an old installation. 

2. Method to be used in charging for the service. 

3. Location of the meter. 

4. Large or small quantity to be measured. 

5. Temporary or permanent installation. 

6. Cleanliness of the fluid to be measured. 

7. Temperature of the fluid to be measured. 

8. Accuracy expected. 

9. Nature of flow: turbulent, pulsating, or steady. 

10. Cost. 

(a) Purchase price. 

{b) Installation cost. 

{c) Calibration cost. 

Id) Maintenance cost. 

11. Servicing facilities of the manufacturer. 

12. Pressure at which fluid is to be metered. 

13. Type of record desired as to indicating, recording or totalizing. 

14. Stocking of repair parts. 
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15. Use of open jets where steam is to be metered. 

16. Metering to be done by one meter or by a combination of meters. 

17. Use as a check meter. 

18. Its facilities for determining or recording information other than flow. 

Condensation Meters 

The majority of the meters used by district heating companies in the 
sale of steam to their customers are condensation meters. 

^ The condensation meter is a popular type for use on small and medium 
sized installations, where all of the condensate can be brought to a com- 
mon point for metering purposes. Its simplicity of design, ease in testing, 
accuracy at all loads, low cost, and adaptability to low pressure distri- 
bution has made it standard equipment with many heating companies. 

Two types of condensation meters are in general use : the tilting bucket 
meter and the revolving drum or rotor meter of which there are several 
makes on the market. Condensation meters should not be operated under 



Fig. 7. Gravity Installation for Condensation Meter 
Using Vented Receivers 


pressure; they are made for either gravity or vacuum installation. Con- 
tinuous flow traps are necessary ahead of the meter if a vented receiver is 
not used. Where bucket traps are used, a vented receiver before the 
meter is essential. If desirable a receiver may be used with a continuous 
flow trap, but this is not necessary. 

Fig. 7 illustrates a gravity installation using a vented receiver ahead of 
the meter, while Fig. 8 shows a vacuum installation without a master trap. 

Flow Meters 

Steam flow meters are available in many types and combinations. The 
orifice and plug meter is one in which the steam flow varies directly as the 
area of the orifice. The vertical lift of the plug, which is proportional to 
tie flow, is transmitted by means of a lever to an indicator and to a pencil 
arm which records the flow on a strip chart. The total flow over a given 
period is obtained by measuring the area by using a planimeter on the 
chart and applying the meter constant. 

Fig. 9 shows a typical orifice-type meter connection and indicates 
typical requirements in the installation of this type of meter. 
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Flow meters using an orifice, Venturi tube, flow nozzle, or Pitot tube 
as the primary device are made by a number of manufacturers and can 
be obtained in either the mechanically or electrically operated type. The 
electric flow meter makes it possible to locate the instruments at some 
distance from the primary element. 

Flow meters employing the orifice, Venturi tube, flow nozzle or Pitot 
tube should be so selected as to keep the lower operating range of the 
load above 20 per cent of the capacity of the meter. This is desirable for 
accuracy as the differential pressure at light loads is too small to properly 
actuate the meter. A few general points to be considered in installing a 
meter of this type are: 

1. It is desirable to place the differential medium in a horizontal pipe in preference 
to a vertical one, where either location is available. 



Fig. 8. Vacuum Condensation Meter Installation without Master Trap 

2. Reservoirs should always be on the same level and installed in accordance with the 
instructions of the meter company. 

3. The meter body should be placed at a lower level than that of the pressure differ- 
ential medium. Special instructions are furnished where the meter body is above. 

4. Meter piping should be kept free from leaks. 

5. Sludge should not be permitted to collect in the meter body. 

6. The meter body and meter piping should be kept above freezing temperatures, 

7. It is best not to connect a meter body to more than one service. 

8. Special instructions are furnished for metering a turbulent or pulsating flow. 

STEAM REQUIREMENTS 

Steam requirements for heating various types of buildings are given in 
Chapter 11. 

Steam requirements for water heating can be satisfactorily estimated 
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by using a consumption of 0.0025 lb per day per cubic foot of heated space 
for office buildings, and 0.0065 lb per day per cubic foot for apartment 
houses. 

Additional data on steam requirements of various types of buildings in 
a number of cities may be found in the Handbook of the National District 
Heating Association. 

RATES 

Fundamentally, district heating rates are based upon the same princi- 
ples as those recognized in the electric light and power industry, the main 
object being a reasonable return on the investment. However, there are 



Fig. 9. Orifice Meter Steam Supply Connection 


other requirements to be met; the rate for each class of service should be 
based upon the cost to the utility company of the service supplied and 
upon the value of the service to the consumer, and it must be between 
these two limits. District heating rates should be designed to produce a 
sufficient return on the investment regardless of weather^ conditions, 
although existing rate schedules do not conform with this principle. 
Lastly, the rate schedule must be reasonably easy for the intelligent lay- 
man to comprehend. 

Depreciation should be based on a careful estimate of the life of various 
elements of the property. Appropriations to reserves should be made, 
with generosity in good years and with discretion in less favorable years. 

Glossary of Terms 

Load Factor. The ratio, in per cent, of the average hourly load to the 
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maximum hourly load. This is usually based on a one year period but 
may be applied to any specified period. 

Demand Factor, The relation between the connected radiator surface 
or required radiator surface and the demand of the particular installation. 
It varies from 0.25 to 0.3 lb per hour per square foot of surface. 

Diversity Factor, The ratio of the sum of the individual demands of a 
number of buildings to the actual composite demand of the group. 

Types of Rates 

A. Flat Rates. 

1. Radiator surface charge. Obsolescent 

B. Meter Rates. 

1. Straight-line. 

2. Step. Obsolescent. 

3. Block. 

(a) Class rates. 

C. Demand Rates. 

1. Flat demand. 

2. Wright, 

3. Hopkinson. 

4. Doherty (or Three charge) 

Straight-Line Meter Rate. The price charged per unit is constant,^ and the consumer 
pays in direct proportion to his consumption without regard to the difference in costs of 
supplying the individual customers. 

Bloch Meter Rate. The pounds of steam consumed by a customer are divided into 
blocks of thousands of pounds each, and lower rates are charged for each successive 
block consumed. This type of charge predominates in steam heating rate schedules for 
it has the advantage of proportioning the bill according to the consumption and the cost 
of 'service. It has the disadvantage of not discriminating between customers having a 
high load factor (relatively low demand) and those having a low load factor (relatively 
high demand). The utility company must maintain sufficient capacity to serve the 
high demand customers and the cost of the increased plant investment is divided equally 
among the users, so the high demand customers are benefitted at the expense of the 
others. 

Demand Rates. These refer to any method of charge based on a measured maximum 
load during a specified period of time. 

The flat demand rate is usually expressed in dollars per M lb of demand per 
month or per annum. It is based on the size of a customer’s installation, and is 
seldom used except where a flow meter is not practicable. 

The Wright demand rate is similar in calculation to the block rate except that it is 
expressed in terms of hours’ use of the maximum demand. It is seldom used but 
forms the basis for other forms of rates. 

The Hopkinson demand rate is divided into two elements: 

(а) A charge based upon the demand, either estimated or measured. 

(б) A charge based upon the amount of steam consumed. 

This rate may be modified by dividing the quantities of steam demanded and 
consumed into blocks charged for at different rates. 

The Doherty rate is divided into three elements; 

(a) A charge based upon demand, 

(5) A charge based upon steam consumed. 

(c) A customer charge. 

In the Hopkinson rate^ the last two elements are combined into one element. 

Demand rates are comparatively new and are not yet widely used; though they are 
equitable and competitive they are difficult for the average layman to understand. 
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They are of benefit to utility companies and to consumers because the investment and 
operating costs can be divided to suit the particular circumstances into demand,^ cus- 
tomer, and consumption groups through the use of some modification of the Hopkinson 
rate. Demand rates are an advantage to the customer in that the use of such a rate 
reduces the rate per thousand pounds to the long-hour user. 

Fuel Price Surcharge, It is usually desirable to establish a rate upon a specified basic 
cost of fuel to the utility company. Where there are wide variations in the price of fuel, 
it is also desirable to add a definite charge per M lb of steam sold for each increment of 
increase in the price of fuel. This surcharge automatically compensates for the variations 
without necessitating frequent changing of the whole rate structure. 

UTILIZATION 

Considerable savings can be made by the proper and intelligent oper- 
ation of heating systems. It should be borne in mind that a heating 
system is designed to heat a building to 70 F inside when the outside 
temperature is at its lowest point for that particular locality. There is a 
tendency to overheat the building at any time the outside temperature is 
above the design temperature unless some method of regulation is used, 
either automatic or manual. 

The general rules for economical operation are as follows: 

1. Weatherstrip all windows, and calk all window frames. 

2. Provide revolving or vestibule doors on all entrances. Separate shipping and 
receiving rooms by partitions so that the ever-open large doors will not ventilate the 
entire building. 

3. Keep the radiation near the outside walls, under the windows, if possible. 

4. Eliminate all unnecessary ventilation. Ventilating equipment is sized to meet 
extreme requirements. Do not supply ventilation to a theater or auditorium adequate 
for an audience of 2000 when there are only 200 present. 

5. Determine the hours that heating is required during the day and see that the 
steam is shut off for the maximum time at night, on Sundays, and holidays. 

6. Shut steam off entirely in unoccupied sections of the building, taking care to 
avoid freezing the water in the plumbing system. 

7. Shut off steam during the day whenever possible. During the year steam can be 
shut off about 55 per cent of the total daytime, and the saving is proportional. An auto- 
matic control will do it, but it can be done by hand with amazingly good results. 

8. Determine the temperature required for the occupancy of the building. Do not 
heat a storage garage or a furniture warehouse to the temperature required in a hospital 
ward. 

9. Provide some good means of temperature control. 

10. In a hot water heating system keep the temperature of the water down to corre- 
spond with existing outdoor temperatures. 

11. In a vacuum system maintain a high vacuum. If this is not possible, locate and 
eliminate all leaks. 

12. Install separate lines for those parts of the building that require long-hour or 
all-night heating. It is much cheaper than heating the entire building all night. 

13. See that the entire system responds rapidly when steam is turned on. ^ Locate and 
eliminate the cause of any sluggish circulation. Balance the radiation, provide adequate 
air elimination, and correct any trapped run-outs to provide quick system drainage. 

14. Keep the system in good repair. Worn, damaged, or defective valves and traps 
will not function properly, 

15. Insulate all steam pipes not used as heating surface. 

16. Do not obstruct radiators or prevent the free circulation of air around them; to do 
so seriously reduces the heating capacity of a radiator. 

17. Extract the heat in the condensate for hot water or some other useful purpose. 

18. Provide thermometers and recording pressure gages so that the engineer can 
operate the system with full knowledge of what he is accomplishing. 
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19. Make all valves and controls convenient and accessible, either direct or through 
remote control. It is only human nature to delay and avoid doing that which is incon- 
venient. 

20. Keep a daily record consistently, based on weather requirements, and watch it 
every day. 

21. Control the heat supplied to water tanks located on or above the roof. Such 
tanks require heat to prevent freezing. No heat is required when the temperature in the 
tank is above 32 F. 

22. Investigate every complaint of no heat by tenants; find the cause and correct it. 
Do not overheat an entire building to correct a local condition in one room. 

AUTOMATIC TEMPERATURE CONTROL 

As stated in Chapter 34, Automatic Control, properly applied to heating, 
ventilating and air conditioning systems makes possible the maintenance 
of desired conditions with maximum operating economy. 

In addition to the large possibilities for economy, the use of adequate 
temperature control provides more healthful, comfortable, and efficient 
working conditions in the buildings because through its use the building 
is uniformly heated with correct temperatures, and drafts from open 
windows and overheating are eliminated. 

There are many types of temperature control available, each adaptable 
to a particular type of building, but all require uniform distribution of 
steam and proper venting. 

Before the installation of any type of modern temperature control 
equipment, it is necessary to see that the heating system is put in good 
operating condition. In general, the heating system in a building is not 
given the attention that other mechanical equipment is given because it 
will continue to function, after a fashion, even though changes in piping, 
location of radiation, settlement of piping, and the normal wear and tear 
or other changes have taken place. Through all this depreciation of the 
system, it becomes more and more costly to operate and parts of the 
building have to be greatly overheated in order to prevent underheating 
in a small section of the building. Vents, traps, vacuum pumps, and 
valves should be given a careful inspection and replaced or repaired if 
required. The piping should be of adequate size and graded properly. 
The return piping should have a careful inspection, and any pockets or 
lifts removed and properly vented. These inspections and repairs are 
not costly and prevent a much greater outlay in future years. In most 
cities district heating companies will be willing to make a survey of heating 
systems and offer recommendations as to operation and changes in piping 
layout. 

The selection of control equipment depends upon the type and size of 
building and the degree of saving possible. 
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PIPE, FITTINGS, WELDING 

Pipe Material,^ Types of Pipe Used, Dimensions of Pipe Com- 
mercially Available, Expansion and Flexibility of Pipe, Pipe 
Threads and Hangers, Types of Fittings, Welding as Applied 
to Erection of Piping, Valves, Corrosion of Piping 

I MPORTANT considerations in the selection and installation of pipe 
and fittings for heating, ventilating, and air conditioning work are 
dealt with in this chapter. 


PIPE MATERIALS 

Use of corrosion-resistant materials for pipe, including special alloy 
steels and irons, wrought-iron, copper and brass, has increased con- 
siderably during the past few years. The recent development of copper, 
brass, and bronze fittings which can be assembled by soldering or sweating 
permits the use of thin-wall pipe and thereby has reduced the initial cost 
of such installation. The following brief discussion indicates the variety 
of pipe materials and the types of pipe available. 

Wrought-Steel Pipe. Because of its low price, the great bulk of wrought 
pipe used for heating and ventilating work at the present time is of 
wrought steel. The material used for steel pipe is a mild steel made by 
the acid-bessemer, the open-hearth, or the electric-furnace process. 
Ordinary wrought-steel pipe is made either by shaping sheets of metal 
into cylindrical form and welding the edges together, or by forming or 
drawing from a solid billet. The former is known as welded pipe, the 
latter as seamless pipe. 

Many types of welded pipe are available, although the smaller sizes 
most frequently used in heating and ventilating work are made by the 
lap-weld, resistance-weld, or butt-weld process. While the lap-weld and 
resistance-weld processes produce a better weld than the butt type, 
lap-weld and resistance-weld pipe is seldom manufactured in nominal 
pipe sizes less than 2 in. Seamless pipe can be obtained in the small 
sizes at a somewhat higher cost. 

Seamless steel pipe is frequently used for high pressure work or where 
pipe is desired for close coiling, cold bending, or other forming operation. 
Its advantages are its somewhat greater strength which permits use of a 
thinner wall and, in the small sizes, its freedom from the occasional 
tendency of welded pipe to split at the weld when bent. 

Wrought-Iron Pipe. Wrought-iron pipe is claimed to be more corro- 
sion-resisting than ordinary steel pipe and therefore its somewhat higher 
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first cost is said to be justified on the basis of longer life expectancy. 
Wrought-iron pipe may be identified by the spiral line marked into each 
length, either knurled into the metal or painted on it in red or other 
bright color. Otherwise, there is little difference in the appearance of 
wrought iron and steel pipe, although microscopic examination of polished 
and etched specimens will readily disclose the difference. 

Cast Ferrous Pipe. There are now available several types of cast- 
ferrous metal pipe made of a good grade of cast-iron with or without 
additions of nickel, chromium, or other alloy. This pipe is available in 
sizes from 1)4, in. to 6 in., and in standard lengths of 5 or 6 ft with external 
and internal diameters closely approximating those of extra strong 
wrought pipe. Cast ferrous pipe may be obtained coupled, beveled for 
welding, or with ends plain or grooved for the several types of couplings. 
It is easily cut and threaded as well as welded. The fact that it is readily 
welded enables the manufacturers to supply the pipe in any lengths 
practicable for handling. 

Alloy Metal Pipe. Steel pipe bearing a small alloy of copper or other 
alloying element and iron pipe bearing a small alloy of copper and molyb- 
denum have been claimed to possess more resistance to corrosion than 
plain steel pipe and they are advertised and sold under various trade 
names. 

Copper Pipe and Fittings. Owing to its inherent resistance to cor- 
rosion, copper and brass pipe have always been used in heating, venti- 
lating, and water supply installations, but the cost with standard dimen- 
sions for threaded connections has been high. The recent introduction 
of fittings which permit erection by soldering or sweating allows the use 
of pipe with thinner walls than are possible with threaded connections, 
thereby reducing the cost of installations. 

The initial cost of brass and copper pipe installations generally runs 
higher than the corresponding job with steel pipe and screwed connections 
in spite of the use of thin wall pipe, but the corrosive nature of the fluid 
conveyed or the inaccessibility of some of the piping may warrant use of 
a more expensive material than plain steel. The advantages of corrosion- 
resisting pipe and fittings should be weighed against the correspondingly 
higher initial cost. 


COMMERCIAL PIPE DIMENSIONS 

The IPS dimensions of commercial pipe universally used at the present 
time conform to the recommendations made by a Committee of the 
A.S.M.E. in 1886. Pipe up to 12 in. in diameter is made in certain 
definite sizes designated by nominal internal diameter which is somewhat 
different from the actual internal diameter, depending on the wall thick- 
ness required. There are three weights of wrought iron and steel pipe 
commonly used, known as standard-weighty extra-strongy and double extra- 
strong. Because of the necessity of maintaining the same external dia- 
meter in all three weights for the same nominal size, the added wall 
thickness is obtained by decreasing the internal diameter. The term 
full-weighty when applied to sizes below 8 in., means that the pipe is up to 
the nominal weight per foot. When applied to sizes between 8 and 12 in., 
inclusive, it often indicates that the pipe has the heaviest of several wall 
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thickness^ listed. In sizes 14 in. and upward, pipe is designated by its 
outside diameter (O.D.) and the wall thickness is specified. 

While the demands for pipe for the heating and ventilating industry are 
reasonably well served by the standard-weight and extra-strong pipe, 
demands for pipe for higher^ pressures and temperatures in industry 
resulted in the use of a multiplicity of wall thicknesses for all sizes. Even 
in heating installations, the erection of piping by welding was deemed to 


Table 1. Dimensions of Schedules 30 and 40 and Standard Weight Pipe^ 


Size 

Diameter 

In. 

.cT 

1 

Weight per 
Ft, Lb 

Threads per In. 

ClRCUM- 

PERENCE, 

In. 

Transverse Area, 

Sq In. 

Le.ngth op 
Pipe. Ft 
PER Sq Ft 

Length 
OP Pipe 
Ft 
Con- 
taining 
ICuFt 

Weight 

or 

Water, 

Lb 

PER Ft 

External 

Internal 

Plain Ends 

Threads and 
Couplings 

External 

Internal 

External 

Internal 

3 

o 

s 

External Surface 

Internal Surface 

V8 

0.405 

0.269 

0.068 

0.244 

0.245 

27 

1 1.272 

0.845 

0.129 

0.057 

0.072 

9.431 

14.199 

2533.775 

0.025 

H 

0.540 

0 364 

0.088 

0 424 

0,425 

18 

1.696 

1.144 

0 229 

0.104 

0.125 

7.073 

10.493 

1383.789 

0.045 

% 

0 675 

0.493 

0.091 

0.567 

0.568 

18 

2.121 

1.549 

0.358 

0.191 

0.167 

5.658 

7.748 

754.360 

0.083 


0.840 

0.622 

0.109 

0.850 

0.852 

14 

2.639 

1.954 

0554 

0.304 

0.250 

4.547 

6.141 

473.906 

0.132 


1.050 

0.824 

0.113 

1.130 

1.134 

14 

3.299 

2589 

0.866 

0.533 

0.333 

3.637 

4.635 

270.034 

0.231 

1 

1.315 

1.049 

0.133 

1.678 

1.684 

im 

4.131 

3.296 

1.358 

0 864 

0.494 

2.904 

3.641 

166.618 

0.375 

IK 

1.660 

1.380 

0.140 

2 272 

2.281 

IIK 

5.215 

4.335 

2.164 

1.495 

0.669 

2.301 

2.768 

96.275 

0.65 

IH 

1.900 

1,610 

0.145 

2.717 

2,731 

IlH 

5.969 

5.058 

2.835 

2.036 

0.799 

2.010 

2.372 

70.733 

0.88 

2 

2.375 

2.067 

0.154 

3.652 

3.678 

IIK 

7.461 

6.494 

4.430 

3.355 

1.075 

1.608 

1.847 

42.913 

1.45 

2K 

2.875 

2.469 

0.203 

5.793 

5.819 

8 

9.032 

7.757 

6.492 

4.788 

1.704 

1.328 

1.547 

30.077 

2.07 

3 

3.500 

3.068 

0.216 

7.575 

7.616 

8 

10.996 

9.638 

9.621 

7.393 

2.228 

1091 

1.245 

19.479 

3.20 

3K 

4.000 

3.548 

0.226 

9.109 

9 202 

8 

12.566 

11.146 

12 566 

9.886 

2.680 

0.954 

1.076 

: 14.565 

4.29 

4 

4.500 

4.0^ 

0.237 

10.790 

10.889 

8 

14.137 

12.648 

15.904 

12 730 

3.174 

0.848 

0.948 

1 11.312 

5.50 

5 

5.563 

5.047 

0.258 

14.617 

14.810 

8 

17.477 

15,856 

24.306 

20.006 

4.300 

0.686 

0.756 

7.198 

8.67 

6 

6.625 

6,065 

0.280 

18.974 

19.185 

8 

20.813 

19.054 

34.472 

28.891 

5.581 

0.576 

0.629 

4.984 

12.51 

8C 

8.625 

8.071 

0.277 

24,696 

25.000 

8 

27.096 

25.356 

58.426 

51.161 

7.265 

0.443 

0.473 

2.815 

22.18 

8 

8.625 

7.981 

0.322 

28.554 

28.809 

8 

27.096 

25.073 

58.426 

50.027 

8.399 

0.443 

0.478 

2.878 

21.70 

10 

10.750 

10.192 

0.279 

31.201 

32.000 

8 

33.772 

32.019 

90.763 

81.585 

9.178 

0.355 

0.374 

1.765 

35.37 

IOC 

10.750 

10.136 

0.307 

34.240 

35.000 

8 

33.772 

31.843 

90.763 

80.691 

10.072 

0.355 

0.376 

1.785 

34.95 

10 

10.750 

10.020 

0.365 

40.483 

41.132 

8 

33.772 

31.479 

90.763 

78.855 

11.908 

0.355 

0.381 

1.826 

34.20 

12C 

12.750 

12.090 

0.330 

43.773 

45.000 

8 

40.055 

37.982 

127.676 

114.800 

12.876 

0.299 

0.315 

1.254 

49.70 

12 

12.750 

12.000 

0.375 

49.562 

50.706 

8 

40.055 

37.699 

127,676 

113.097 

14.579 

0.299 

0.318 

1.273 

49,00 


astandard-weight wrought-iron pipe has approximately the same wall thicknesses and weights as 
contained herein for steel pipe. For exact dimensions, American Standard for Wrought-^Iron and Wrought-^ 
Steel Pipe, A.S.A. B36.10. 

bXhicknesses shown in bold face type are identical with thicknesses for Schedule 40 pipe of A S.A. 
B36.10. 

cSame as Schedule 30, A.S.A. B36.10. 

warrant the use of pipe lighter than standard weight. For these reasons, 
a Sectional Committee on Standardization of Wroughi-Iron and Wrought- 
Steel Pipe and Tubing functioning under the procedure of the American 
Standards Association was appointed to standardize the dimensions and 
materials of pipe. 

The pipe standard recommended by that sectional committee has set 
up several schedules of pipe including standard-weight and extra-strong 
thicknesses which are now included in Schedules 40 and 80, respectively. 
Dimensions and other useful data for standard-weight and extra-strong 
pipe are given in Tables 1 and 2. Table 3 from A.S.T.M. Specifications 
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A53 and A 120 combines the schedule thicknesses of the American Standard 
for Wr ought-iron and Wrought-Steel Pipe, A.S,A, B36.10, and the old 
series designations. 

Standard-weight pipe is generally furnished with threaded ends in 
random lengths of 16 to 22 ft, although when ordered with plain ends, 
5 per cent may be in lengths of 12 to 16 ft. Five -per cent of the total 
number of lengths ordered may be jointers which are two pieces coupled 
together. Extra-strong pipe is generally furnished with plain ends in 


Table 2. Dimensions of Schedules 60 and 80 and Extra-Strong Pipe^ 


Size 

Diameter, 

In. 

JO 

1 

§ 

Weight 
PER Ft 
P lAIN 
Ends, 
Lb 

Circum- 

ference, 

In. 

Transverse Are^, 

Sq In. 

Length op 
Pipe, Ft per 
SqFt 

Length 
OP Pipe, 
Ft 
Con- 
taining 

1 CuFt 

Weight 

OP 

Water, 

Lb 

PER Ft 

External 

Internal 

External 

Internal 

External 

Internal 

Metal 

External Surface 

Internal Siu-face 


0,405 

0.215 

0.095 

0.314 

1.272 

0.675 

0.129 

0.036 

0.093 

9.431 

17.766 

3966.39 

0.016 

U 

0.540 

0,302 ! 

0.119 

0.535 

1.696 

0.949 

0.229 

0.072 

0.157 

7.073 

12.648 

2010.290 

0.031 

H 

0 675 

0.423 

0.126 

0.738 

2.121 

1.329 

0.358 

0.141 

0.217 

5.658 

9.030 

1024.689 

0 061 


0.840 

0.546 

0.147 

1.087 

2.639 

1715 

0.554 

0.234 

0.320 

4.547 

6.995 

615.017 

0.102 

H 

1.050 

0.742 

0.154 

1.473 

3.299 

2.331 

0.866 

0.433 

0.433 

3.637 

5.147 

333.016 

0.188 

1 

1.315 

0.957 

0.179 

2.171 

4.131 

3.007 

1.358 

0.719 

0.639 

2.904 

3.991 

200.193 

0.312 

IH 

1.660 

1.278 

0.191 

2.996 

5.215 

4.015 

2.164 

1.283 

0.881 

2.301 

2.988 

112.256 

0.56 

IH 

1.900 

1.500 

0.200 

3.631 

5.969 

4.712 

2.835 

1.767 

1.068 

2.010 

2.546 

81.487 

0.77 

2 

2.375 

1.939 

0.218 

5.022 

7.461 

6.092 

4.430 

2.953 

1.477 

1.608 

1.969 

48.766 

1.28 

2H 

2.875 

2323 

0.276 

7.661 

9,032 

7.298 

6.492 

4.238 

2.254 

1.328 

1.644 

33.976 

1.87 

3 

3,500 

2.900 

0.300 

10.252 

10.996 

9.111 

9.621 

6.605 

3.016 

1.091 

1.317 

21.801 

2.86 


4.000 

3.364 , 

0.318 

12 505 

12,566 

10M8 

12.566 

8.888 

3.678 

0.954 

1.135 

16.202 

384 

" 1 

4.500 

3.826 

0.337 

14.983 

14.137 

12.020 

15.904 

11.497 

4.407 

0.848 

0.998 

12.525 

4.98 

5 

5.563 

4.813 

0.375 

20.778 

17.477 

15.120 

24.306 

18.194 

6.112 

0.686 

0.793 

7.915 

7.88 

6 

6.625 

5.761 

0.432 

28.573 

20.813 

18.099 

34.472 

26.067 

8.405 

0.576 

0.663 

5.524 

11.29 

8 

8.625 

7.625 

0.500 

43.388 

27.096 

23.955 

58.426 

45.663 

12.763 

0.443 

1 0.500 

3.154 

19.78 

IOC 

10.750 

9.750 

0.500 

54.735 

33.772 

30.631 

90.763 

74.662 

16.101 

0.355 

I 0.391 

1.929 

32.35 

12 

12.750 

11.750 

0.500 

65.415 

40.055 

36.914 

127,676 

108.434 

19.242 

0.299 

0.325 

1.328 

46 92 


aEactra-strongwrought-iron pipe has approximately the same wall thicknesses and weights as contained 
herein for steel pipe. For exact dimensions, see American Standard for Wrought-Iron and Wrought-Steel 
Pipe, A.S.A. B36.10. 

bThicknesses shown in bold face type are identical with thicknesses for Schedule 80 pipe for A.S.A 
B36.10. 

cSame as Schedule 60, A. 5. A. B36,10. 


random lengths of 12 to 22 ft, although 5 per cent may be in lengths of 
6 to 12 ft. 

In addition to IPS copper pipe, several varieties qf copper tubing are in 
use with either flared or compression couplings or soldered joints. Dimen- 
sions of copper water tubing intended for plumbing, underground water 
service, fuel-oil lines, gas lines, etc., have been standardized by the U. S. 
Government and the American Society for Testing Materials, There are 
three standard wall-thickness schedules of copper water tubing classified 
in accordance with their principal uses as follows: 

Type K — Designed for underground services and general plumbing service. 

Type L — Designed for general plumbing purposes. 

Type M — Designed for use with soldered fittings only. 
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In general, Type K is used where corrosion conditions are severe, and 
Types L and AT where such conditions may be considered normal as, for 
instance, in heating work. Types K and L are available in both hard and 
soft tempers; Type M is available only in hard temper. Where flexibility 
is essential as in hidden replacement work or where as few joints as possible 
are desired as in fuel-oil lines, the soft temper is commonly used. New or 
exposed work generally employs copper pipe of a hard temper. All three 
classes are extensively used with soldered fittings. 


Table 3. Standard Weights and Dimensions of Welded and Seamless Steel Pipe^ 


Size 

Outside 

1 DliiMB- 
TEE, In. 

No. OF 
Threads 
PER In. 

Standard-Weight Pipe 

Extra-Strong Pipe 

Double Extra- 
Strong PiPEb 

Schedule 30 

Schedule 40 

Schedule 60 

Schedule 80 

Wall 

Thick- 

ness, 

In. 

Weight 
per Ft, 
Lb 
Plain 
Ends 

WaU 

Thick- 

ness, 

In. 

Weight 

perFt, 

Lb 

T&C 

WaU 

Thick- 

ness, 

In. 

Weight 
per Ft, 
Lb 

T&C 

WaU 

Thick- 

ness, 

In. 

Weight 

‘“Lb*’ 

Plain 

Ends 

WaU 

Thick- 

ness, 

In. 

Weight 

1 per Ft, 
Lb 
Plain 
Ends 


0.405 

27 



0.068 

0.25 



0.095 

0.31 



y 

0.540 

IS 



0.088 

043 



0.119 

0.54 




0.675 

18 



0.091 

0.57 



0.126 

0.74 




0.840 

14 



0.109 

0.85 



0.147 

1.09 

0 294 

1.71 


1050 

14 



0.113 

1.13 



0.154 

1.47 

0.308 

2.44 

1 

1.315 

llH 



0.133 

1.68 



0.179 

2.17 

0.358 

3.66 


1.660 

llH 



0.140 

2.28 



0.191 

3.00 

0.382 

5.21 

iH 

1.900 

11^ 



0.145 

2.73 



0 200 

3.63 

0.400 

6.41 

2 

2.375 

IIH 



0.154 

3.68 



0.218 

5.02 

0.436 

0.03 

2H 

2.875 

8 



0.203 

5.82 



0.276 

7.66 

0.552 

13.70 

3 

3.500 

8 



0.216 

7.62 



0.300 

10.25 

0.600 

18.58 

3H 

4 000 

8 



0.226 

9.20 



0.318 

12.51 

0 636 

22.85 

4 

4.500 

8 



0.237 

10.89 



0.337 

14 98 

0.674 

27.64 

5 

5 563 

8 



0.258 

14.81 



0.375 

20.78 

0.750 

38.65 

6 

6.625 

8 



0.280 

19.19 



0.432 

28.57 

0.864 

53.16 

8 

8.625 

8 

0 277 

25.00 

0.322 

28.81 



0.500 

43.39 

0.875 

72.42 

IOC 

10.750 

8 

0.307 

35.00 

0.365 

41.13 

0.500 

54.74 





12d 

12.750 

8 

0.330 

45.00 

0,375 

50.71 

0.500d 

65.41 






From standard Specifications for Welded and Seamless Steel Pipe of the American Society for Testing 
Materials, A.S.T.M, Designation A120. 

aSizes larger than those shown in the table are measured by their outside diameter, such as 14 in. out- 
side diameter, etc. These larger sizes will be furnished with plain ends, unless otherwise specified. The 
weights will correspond to the manufacturers’ published standards although it is possible to calculate the 
theoretical weights for any given size and wall thickness on the basis of 1 cu in. of steel weighing 0.2833 lb. 

bThe American Standard for Wrought- Iron and Wrought-Steel Pipe A.S.A. B36.10-1939 has assigned no 
schedule number to Double Extra-Strong pipe. 

cA 10 in. Standard Weight pipe is also available with 0.279 in. wall thickness, but this wall is not covered 
by a Schedule Number. 

dOwing to a departure from the Standard-Weight and Extra-Strong vjbXI thicknesses for the 12 in. nominal 
size, Schedules 40 and 60, Table 2 of the A.S.A. B36.10-1939, Standard for Wrought-Iron and Wrought- 
Steel pipe, the regular Standard and Extra-Strong wall thicknesses (0.375 in. and 0.500 in.) have been 
substituted. 


Standard dimensions, weights, and diameter and wall-thickness 
tolerances for these classes of copper tubing are given in Table 4. Copper 
pipe is also available with dimensions of steel pipe. 

Refrigeration lines used in connection with air conditioning equipment 
also employ copper tubing extensively. For refrigeration use where 
tubing absolutely free from scale and dirt is required, bright annealed 
copper tubing that has been deoxidized is used. This tubing is available 
in a variety of sizes and wall thicknesses. 
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Table 4. Standard Dimensions and Weights, and Tolerances in Diameter and 
Wall Thickness for Copper Water Tubes^ 


{All tolerances in this table are plus and minus except as otherwise indicated) 




1 

Average Out- 
side Diameter 


Wall Thickness, In. 


Theoretical 

Weight, 

Lb per Ft 

Standard 
Water 
Tube 
Size, In. 

Actual 

Outside 

Diameter 

In. 

Tolbr-^ncb, In 
± 

T PE K 

Tips L 

Type M 

. i 




Annealed 

Drawn 

Temper 

Nominal 

Tolerance ± 

Nuiuinal 

+1 

1 

b 

Nominal 

Tolerance ± 

TypeK 

TypeL 

Type M 

H 

0.250 

0 002 

0.001 

0 032 

0.003 

0.025 

0 0025 

0.025 

0.0025 

0 085 

0 06S 

0.068 

U 

0 375 

0.002 

0.001 

0.032 

0.004 

0.030 

0.0035 

0.025 

0.0025 

0134 

0.126 

0.107 

58 

0.500 

0 0025 

0.001 

0 049 

0.004 

0.035 

0.0035 

0.025 

0.0025 

0.269 

0.198 

0 145 

J'2 

0.625 

0.0025 

0.001 

0.049 

0.004 

0.040 

0.0035 

0.028 

0.0025 

0.344 

0.285 

0.204 


0 750 

0.0025 

0.001 

0.049 

0.004 

0.042 

0.0035 

0.030 

0.0025 

0.418 

0 362 

0.263 

K 

0.S75 

0003 

0.001 

0.065 

0.0045 

0 045 

0.004 

0.032 

0.003 

0.641 

0.455 

0.328 

1 

1.125 

0.0035 

0 0015 

0.065 

0.0045 

0 050 

0004 

0.035 

0.0035 

0.839 

0.655 

0.465 

IH 

1.375 

0 004 

0.0015 

0.065 

0.0045 

0.055 

0 0045 

0.042 

0.0035 

1.04 

0.884 

0.682 

m 

1.625 

0.0045 

0.002 

0.072 

0.005 

0.060 

0.0045 

0.049 

0.004 

1.36 

1.14 

0.940 

2 

2.125 

0.005 

0.002 

0.083 

1 0.007 

• 0.070 

0.006 

0.058 

0.006 

2.06 

1.75 

1.46 


2 625 

0.005 

0.002 

0.095 

1 0.007 

0.080 

0.006 

0.065 

0 006 

2.93 

2.48 

2.03 

3 

3 125 

0.005 

0.002 

0.109 

0.007 

0.090 

0.007 

0.072 

0.006 

4.00 

3.33 

2.68 


3 625 

0.005 

0 002 

0.120 

0.008 

0.100 

0.007 

0.083 

0.007 

5.12 

4.29 

3.58 

4 

4.125 

0.005 

0.002 

0.134 

0.010 

0110 

0.009 

0.095 

0.009 

6.51 

5.38 

4.66 

5 

5.125 

0.005 

0.002 

0.160 

0.010 

0.125 

0.010 

0.109 

0.009 

9.67 

7.61 

6.66 

6 

6.125 

0 005 

0.002 

+0.002 

0.192 

0.012 

0.140 

0.010 

0.122 

0.010 

13.9 

10 2 

8.92 

8 

8125 

0 006 

-0.004 

+0.002 

0.271 

0.016 

0.200 

0.014 

0.170 

0.014 

25.9 

19 3 

16.5 

10 

10.125 

0,008 

-0.006 

+0.002 

0.338 

0.018 

0.250 

0.016 

0.212 

0.015 

40.3 

30.1 

25,6 

12 

12.125 

0.008 

-0.006 

0.405 

0.020 

0.280 

0.018 

0.254 

0.016 

57.8 

40.4 

36.7 


aFrom Standard Specifications for Copper Water Tube of the American Society for Testing Materials, 
A.S.T.M. Designation B88-39. 

Note 1: — For copper gas and oil burner tubes, the tolerances shown above for various wall thicknesses 
(type K) apply irrespective of diameter. 

Note 2: — For tubes other than round no standard tolerances are established. These tolerances do not 
apply to condenser and heat exchanger tubes. 


EXPANSION AND FLEXIBILITY 

The increase in temperature of a pipe from room temperature to an 
operating steam or water temperature 100 F or more above room tem- 
perature results in an increase in length of the pipe for which provision 
must be made. The amount of linear expansion (or contraction in the 
case of refrigeration lines) per unit length of material per degree change in 
temperature is termed the coefficient of linear expansion of that material, 
or commonly, the coefficient of expansion. This coefficient varies with 
the material. 

The linear expansion of cast-iron, steel, wrought-iron, and copper pipe, 
the materials most frequently used in heating and ventilating work, can 
be determined from Table 5, which was computed from Equation 1. 

Lt = io[l + a(l^) + i(*-^y] (1) 
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where 

Lt = length at temperature t degrees Fahrenheit, feet. 

Lo - length at 32 F, feet. 

t = final temperature, degrees Fahrenheit. 
a and h are constants as given in the tabulation following. 


Metal 

a 

6 

Cast-Iron 

0.005441 

0.001747 

Steel 

0.006212 

0.001623 

Wrought-Iron 

0.006503 

0.001622 

Copper. 

0.009278 

0.001244 


The three methods by which the elongation due to thermal expansion 
may be taken care of are: 

1. Expansion joints. 

2. Swivel joints. 

3. Inherent fl^ibility of the pipe itself utilized through pipe bends, right-angle turns^ 
or offsets in the line. 

Expansion joints of the slip-sleeve, diaphragm, or corrugated types 
made of copper, rubber, or other gasket material are all used for taking 
up expansion, but generally only for low pressures or where the inherent 
flexibility of the pipe cannot readily be used as in underground steam or 
hot water distribution lines. 

Swivel joints are used extensively in low-pressure steam and hot water 
heating systems and in hot water supply lines. The swivel joints absorb 
the expansive movement of the pipe by the turning of threaded joints. 
In many cases the straight pipe in the offset of a swivel joint is sufficiently 
flexible to take up the expansion without developing enough thrust to 
produce swiveling in the threaded joint. This is preferable since con- 
tinued turning in the threaded joint may in time result in a leak, par- 
ticularly when the pressure is high. The amount of elongation which a 
swivel joint can take up is controlled by the length of the swing piece 
employed and by the lateral displacement which is permissible in the 
long pipe runs. 

Probably the most economical method of providing for expansion of 
piping in a long run is to take advantage of the directional changes which 
must necessarily occur in the piping and proportion the offsets so that 
sufficient flexibility is secured. Ninety-degree bends with long, straight 
tangents in either a horizontal or a vertical plane are an excellent means 
for securing adequate flexibility with larger sizes of pipe. When flexi- 
bility cannot be obtained in this manner, it is necessary to make use of 
some type of expansion bend. The exact calculation of the size of ex- 
pansion bends required to take up a given amount of thermal expansion 
is relatively complicated^ The following approximate method, however, 


iSee (1) Piping Handbook, by Walker and Crocker (McGraw-Hill Co.); (2) A Manual for The Design 
of Piping tor Flexibility by the Use of Graphs, by E. A. Wert, S. Smith, E. T. Cope, published by The 
Detroit Edison Company. 
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Table 5. Thermal Expansion of Pipe in Inches per 100 ft^ 


{For superheated steam and other fluids refer to temperature column) 


SATUai.TED SrSiLM 

Elongatioit in Inches pee 

100 PT PROM —20 F UP 

Saturated 

Steam 

Elongation in Inches per 100 

PT PROM —20 F UP 

Vacuum 
Inches 
of Eg. 

Pressure 

Pounds 

per 

Square 

Inch 

Gage 

Tem- 

perature 

Degrees 

Fahren- 

heit 

Cast- 

Iron 

Pipe 

Steel 

Pipe 

Wrought- 

Iron 

Pipe 


Pressure 

Founds 

per 

Square 

Inch 

Gage 

Tem- 

perature 

Degrees 

Fahren- 

heit 

Cast- 

Iron 

Pipe 

Steel 

Pipe 

Wrought- 

Iron 

Pipe 

Copper 

Pipe 



-20 

0 

0 

0 

0 

664.3 

500 

3.847 

4.296 

4.477 

6.110 



0 

0.127 

0.145 

0.152 

0.204 

795.3 

520 

4.020 

4.487 

4.677 

6.352 



20 

0,255 

0.293 

0.306 

0.442 

945.3 

540 

4.190 

4.670 

4.866 

6.614 



40 

0.390 

0.430 

0.465 

0.655 

1115.3 

560 

4.365 

4.860 

5.057 

6.850 

29.39 


60 

0.518 

0.593 

0.620 

0.888 

1308.3 

580 

4.541 

5.051 

5.268 

7.123 

28.89 


80 

0.649 

0.725 

0.780 

1.100 

1525.3 

600 

4.725 

5.247 

5.455 

7.388 

27.99 


100 

0.787 

0.898 

0.939 

1.338 

1768.3 

620 

4.896 

5.437 

5.660 

7.636 

26.48 


120 

0.926 

1.05S 

1.110 

1.570 

2041.3 

640 

5.082 

5.627 

5.850 

7.893 

24.04 


140 

1.051 

1.209 

1.265 

1.794 

2346.3 

660 

5.260 

5.831 

6.067 

8.153 

20.27 


160 

1.200 

1.368 

1.427 

2.008 

2705 

680 

5.442 

6.020 

6.260 

8.400 

14.63 


180 

1.345 

1.528 

1.597 

2.255 

3080 

700 

5.629 

6.229 

6.481 

8.676 

6.45 


200 

1.495 

1.691 

1.778 

2.500 


720 

5.808 

6.425 

6.673 

8.912 


*2.5 

220 

1.634 

1.852 

1.936 

2.720 


740 

6.006 

6.635 

6.899 

9.203 


10.3 

240 

1,780 

2.020 

2.110 

2.960 


760 

6.200 

6.833 

7.100 

9.460 


20.7 

260 

1,931 

2.183 

2.279 

3.189 


780 

6.389 

7.046 

7.314 

9.736 


34,5 

280 

2.085 

2.350 

2,465 

3.422 


800 

6.587 

>7.250 

17.508 

9.992 


52.3 

300 

2.233 

2.519 

2.630 

3.665 


820 

6.779 

17.464 

17.757 

10.272 


74.9 

320 

2.395 

2.690 

2.800 

3.900 


840 

6.970 

7.662 

7.952 

10.512 


103.3 

340 

2.543 

2.862 

2.988 

4.145 


860 

7.176 

[7.888 

[8.195 

10.814 


138.3 

360 

2.700 

3.029 

3.175 

4.380 


880 

17.375 

8.098 

8.400 

11.175 


180.9 

380 

2.859 1 

3.211 

3.350 

4.628 


900 

>7.579 

>8.313 

8.639 

11.360 


232.4 

400 

3.0081 

3.375 

3.521 

4.870 


920 

7.795 

8.545 

8.867 

11.625 


293.7 

420 

3.182 

3.566 

3.720 

5.118 


940 

7.989 

8.755 

9.089 

11.911 


366.1 

440 

3.345 

3.740 

3.900 

5.358 


960 

8.200 

8.975 

9.300 

12.180 


451.3 

460 

3.511 

3.929 

4.096 

5.612 


980 

8.406 

9.196 

9.547 

12.473 


550.3 

480 

3.683 

4.100 

4.280 

5.855 


1000 

8.617 

9.421 

9.776 

12.747 


aFrom Piping Handbook, by Walker and Crocker. This table gives the expansion from —20 F to the 
temperature in Question. To obtain the amount of expansion between any two temperatures take the 
difference between the figures in the table for those temperatures. For example, if a steel pipe is installed 
at a temperature of 60 F and is to operate at 300 F, the expansion would be 2.519 — 0 593 = 1.926 in. 


has been found to give reasonably good results and is deemed to be 
sufficiently accurate for most heating work. 

Fig. 1 shows several types of expansion bends commonly used for 
taking up thermal expansion. The amount of pipe, L, required in each of 
these bends may be computed from Equation 2. 

L = 6.16 y 7? A (2) 

where 

L = length of pipe, feet. 

D “ outside diameter of the pipe used, inches. 

A = the amount of expansion to be taken up, inches. 

This formula, based on the use of mild-steel pipe with wall thicknesses 
not heavier than extra-strong, assumes a maximum safe value of fiber 
stress of 16,000 lb per square inch. When square type bends are used, the 
width of the bend should not exceed about two times the height. It is 
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further assumed that the comers are made with screwed or flanged elbows 
or with arcs of circles having radii five to six times the pipe diameter. Use 
of welding elbows with radii of 1^ times the pipe diameter will decrease 
the end thrusts somewhat but will raise the fiber stress correspondingly. 

All risers must be anchored and safeguarded so that the difference in 
length when hot from the length when cold shall not disarrange the 
normal and orderly provisions for drainage of the branches. 

* Proper anchoring of piping is especially necessary with light-weight 
radiators, to allow for freedom of expansion in order that no pipe strain 
will distort the radiators. When expansion strains from the pipes are 




Offset U bend 


Fig. 1. Measurement of L on Various Pipe Bends 

permitted to reach these light metal heaters they usually emit sounds 
of distress which are exceedingly troublesome. 

PIPE THREADS 

All threaded pipe for heating and ventilating installations uses the 
American Standard taper pipe thread which is made with a taper of 1 in 
16 measured on the diameter of the pipe so as to secure a tight joint. 
Threads of fittings are tapped to the same taper. The number of threads 
per inch varies with the Afferent pipe sizes. All threaded pipe should be 
made up with a thread paste suitable for the service under which the 
pipe is to be used, 

HANGERS AND SUPPORTS 

Heating system piping requires careful and substantial support. Where 
changes in temperature of the line are not large, such simple methods of 
support may be utilized as hanging the line by means of rods or perforated 
strip from the building structure, or supporting it by brackets or on piers. 

When fluids are conveyed at temperatures of 150 F or above, however, 
hangers or supporting equipment must be fabricated and assembled to 
permit free expansion or contraction of the piping. This can be accom- 
plished by the use of long rod hangers, spring hangers, chains, hangers or 
supports fitted with rollers, machined blocks, elliptical or circular rings of 
larger diameter than the pipe giving contact only at the bottom, or trolley 
hangers. In all cases, dlowance should be made for rod clearance to 
permit swinging without setting up severe bending action in the rods. 

For pipes of small size, perforated metal strip is often used. For 
horizontal mains, the rod or strip usually is attached to the joists or steel 
work of the floor above. For long runs of vertical pipe subject to con- 
siderable therm^ expansion, either the hangers should be designed to 
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prevent excessive load on the bottom support when expansion takes 
place, or the bottom support should be designed to withstand the entire 
load. 


TYPES OF FITTINGS 

Fittings for joining the separate lengths of pipe together are made in a 
variety of forms, and are either screwed or flanged, the former being 
generally used for the smaller sizes of pipe up to and including 33^ in., 
and the latter for the larger sizes, 4 in. and above. Screwed fittings of 
large size as well as flanged fittings of small size are also made and are 
used for certain classes of work at the proper pressure. 

The material used for fittings is generally cast-iron, but in addition to 
this, malleable-iron, steel and steel alloys are also used, as well as various 
grades of brass or bronze. The material to be used depends on the 
character of the service and the pressure. 

As in the case of pipe, there are several weights of fittings manufactured. 
Recognized American Standards for 'the various weights are as follows: 

Cast-iron pipe flanges and flanged fittings for 25 lb (sizes 4 in. and larger), 125 lb, and 
250 lb maximum saturated steam pressure. 

Malleable iron screwed fittings for 150 lb maximum saturated steam pressure. 

Cast-iron screwed fittings for 125 and 250 lb maximum saturated steam pressure. 

Steel flanged fittings for 150 and 300 lb maximum steam service pressure. 

The allowable cold water working pressures for these standards vary from 43 lb for 
the 25 lb standard to 500 lb for the 300 lb steel standard. 

Screwed fittings include: nipples or short pieces of pipe of varying 
lengths; couplings, usually of wrought-iron only; elbows for turning angles 
of either 45 deg or 90 deg; return bends, which may be of either the close 
or open pattern, and may be cast with either a back or side outlet; tees; 
crosses; laterals or Y branches; and a variety of plugs, bushings, caps, 
lock-nuts, flanges and reducing fittings. Reducing fittings as well as 
bushings, both of which are used in changing from one pipe size to another, 
may have the smaller connection tapped eccentrically to permit free drain- 
age of the water of condensation in steam lines or free escape of air in 
water lines. 

Fittings for copper tubing are available in the soldered, flared, or com- 
pression types. Illustrations of each of these types are shown in Fig. 2. 
Fittings for copper pipe of IPS dimensions are available in screwed or 
soldered types of connection. 

American Standard A40.3-1941 has been prepared to cover certain 
dimensions of soldered- joint fittings for copper water tube including (1) 
detailed diniensions of the bore, (2) minimum specifications for materials, 
(3) minimum inside diameter of the fittings, (4) metal thickness for both 
wrought-metal and cast-brass fittings, and (5) general dimensions for 
cast-brass fittings including center-to-shoulder dimensions for both 
straight and reducing cast fittings. Table 6 from A,S,A, Standard A40. 
3-1941 contains dimensions for soldered joint elbows, tees, crosses, and 
45 deg elbows. 

The compression type fitting is generally limited to smaller size tubing 
while the flared and soldered types are used in both large and small sizes. 
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An American Standard, A.S.A, A40.2-1936 has been prepared to stand- 
ardize dimensions for brass fittings for flared copper water tubes. Flared 
tube fittings are widely used in refrigerating work where 5.^ .E. dimen- 
sions and a 45-deg flare render most fittings interchangeable, although 
for refrigeration use, thread fits and tolerances on thread gages must be 
maintained within close limits. Brass fittings with dimensions are 

not interchangeable with the American Standard fittings for water tubes. 

Ammonia pipe fittings made of cast-iron were formerly used extensively 
in handling refrigerants in large installations. Replacement of ammonia 
by other refrigerants operating at lower pressures has seriously curtailed 



SOLDER-TYPE FITTING 



REFRIGERATOR TYPE FLARED-TUBING FTITINGS COMPRESSION TUBING FITTINGS 



Fig. 2. Copper or Brass Tubing Fittings 


the market for these fittings. For this reason formulation of an American 
Standard for these fittings was abandoned by the A.S.A, in 1936. 

Thread Connections 

Threads used for fittings are the same American Standard taper pipe 
threads as those used for pipe, and unless otherwise ordered, right-hand 
threads are used. To facilitate drainage, some elbows have the thread 
tapped at an angle to provide a pitch of the connecting pipe of to 
the foot. These elbows are known to the trade as pitched elbows and are 
commercially available. Malleable iron fittings, like brass fittings, are 
cast with a round instead of a flat band or bead, or with no bead at all. 
Fittings are designated as male or female, depending on whether the 
threads are on the outside or inside, respectively. 

Flanged fittings are generally used in the best practice for connecting 
all piping above 4 in. in diameter. While screwed fittings may be used 
for the larger sizes and are satisfactory under the proper working con- 
ditions, it will be found difficult either to make or to break the joints in 
these large sizes. 
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A number of different flange facings in common use are plain face, 
raised face, tongue and groove, and male and female. Cast-iron fittings 
for 125 lb pressure and below are normally furnished with a plain face, 
while the 250 lb cast-iron fittings are supplied with a raised face. 

The standard facing for steel flanged fittings for 150 and 300 lb is a 
^-in. raised face although these fittings are obtainable with a variety of 
facings. The gasket surface of the raised face may be finished smooth 


Table 6. American Standard Dimensions of Elbows, Tees, Crosses, and 45 Deg 
Elbows, Soldered-Joint Fittings, A.S.A. A 40.3-1941 





Nominal 

Sizga 

Cast BsAssb 

Whotjght 

Metal 

Laying 
Length, 
Tee, EU, 
and CrossD 

Laying 

Length, 

Ell With 
External 
Shoulder 

Laying 

Length, 

45 Deg 

EU 

Laying 

Length, 

45 Deg EU 
External 
Shoulder 

Inside 

Diameter 

of 

Fittings,^ 

Min. 

Metal 

Thickneaau 

Metal 

Thickness^ 

Min.f 


H 

I 

J 

Q 

0 

T 

R 

T and R 

H 

H 

Vs 

Vs 

H 

0.31 

0.08 

0.048 

0.030 

Vs 

He 

Vs 

Vs 

Vs 

0.43 

0.08 

0.048 

0.035 

y2 

% 

He 

Vs 

Vs 

0.54 

0.09 

0.054 

0.040 

H 

% 


V, 

Vs 

0.78 

0.10 

0.060 

0.045 

1 

H 

Vs 

Vs 

Vs 

1.02 

0.11 

0.066 

0.050 

IH 

Vs 

1 

Vs 

Vs 

1.26 

0.12 

0.072 

0.055 


1 

IVs 


Vs 

1.50 

0.13 

0.078 

0.060 

2 

IH 

IVs 

Vs 

H 

1.98 

0.15 

0.090 

0.070 



iVs 


Vs 

2.46 

0.17 

0.102 

0.080 

3 


IVs 

V 

1 

2.94 

0.19 

0.114 

0.090 


2 

2 K 

Vs 

IVs 

3.42 

0.20 

0.120 

0.100 

4 

2K 

2^ 

^Vs 

IV 

3.90 

0.22 

0.132 

0.110 

5 

SVs 


IVs 


4.87 

0.28 

0.168 

0.125 

6 

3^ 


IVs 


5.84 

0.34 

0.204 

0.140 


All dimensions given in inches. 

aThis size is the nominal bore of the tube. 

bThese dimensions may be used for wrought-metal fittings as well as for cast-brass fittings at manu- 
facturer’s option. 

cThis dimension is the same as the inside diameter Class L tubing (American Standard Specifications for 
Copper Water Tube. A.5.A. H23.1-1939 iA.S.T.M. B88). 

dPatterns shall be designed to produce body thicknesses given in the table. Metal thickness at no point 
shall be less than 90 per cent of the thicknesses given in the table. 

eXhis dimension has the same thickness as Type L tubing. 

fThese dimensions are minimum, but in every case the thickness of wrought fittings should be at least 
as heavy as the tubing with which it is to be used. 

Note 1; — ^Wrought fittings, as well as cast fittings, must be provided with a shoulder or stop at the 
bottom end of socket. 

Note 2. — Street fittings with male ends are for use in connection with other fittings illustrated. 
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or may be machined with concentric or spiral grooves often referred to as 
serrated face or phonograph finish, respectively- 

The dimensions of elbows, tees and crosses for 125 lb cast-iron screwed 
fittings are given in Table 7, whereas the dimensions for 125 lb cast-iron 
flanged fittings are given in Tables 8 and 9. 

For low temperature service not to exceed about 220 F, a number of 
paper or vegetable fiber gasket materials will prove satisfactory; for plain 
raised face flanges, rubber or rubber inserted gaskets are commonly 
employed. ^ Asbestos composition gaskets are probably the most widely 
used, particularly where the temperature exceeds 250 F. Jacketed 


Table 7. American Standard Dimensions of Elbows, 45-Deg Elbows, 
Tees, and Crosses (Straight Sizes) for Class 125 Cast- 
Iron Screwed Fittings, ^.5.^. B16a-1939 




45 deg elbow 


NoMINAJi 

Pipe 

Size 

A 

C 

B 

E 

F 

G 

E 

Center 

TO End, 
Elbows, 
Tees and 
Crosses 

Center 

TO End 

45 Deg 
Elbows 

Length 
op Thread 
Min 

Width 
op Band, 
Min ' 

i 

If^IDE DiaUETEB 

OF Fitting 

Metal 
Thickness a 
Min. 

1 Outside 

1 Diausteb 

OP Band 
Min 

Min. 

1 

Max. 

1 

H 

O.Sl 

0.73 

0.32 

i 

1 0.38 

0.540 

0.584 

0.110 

0.93 

Vs 

0.95 

0.80 

0.36 

1 0.44 

0.675 

0.719 

0.120 

1,12 


1.12 

0.88 

0.43 

I 0.50 

0,840 

0.897 

0.130 

1.34 

H 

1.31 

0.98 

0.50 

0.56 

1.050 

1.107 

0.155 


1 

1.50 

1.12 

0.58 

0.62 

1.315 

1.385 

0.170 

1.95 

IH 

1.75 

1.29 

0.67 

0.69 ! 

1.660 

1.730 

0.185 

, 2.39 

IH 

1.94 

1.43 

0.70 

0.75 ' 

1.900 

1.970 

0.200 


2 

2.25 

1.68 

0.75 

0.84 : 

2.375 

2.445 

0.220 

3.28 

2H 

2.70 

1.95 

0.92 

0.94 

2.875 

2.975 

0.240 

3.86 

3 

3.08 

2.17 

0.98 

1.00 

3.500 

3.600 

0.260 


3H 

3.42 

2.39 

1.03 

1.06 

1.000 

4.100 

0.280 

5.20 

4 

3.79 

2.61 

1.08 

1.12 

4.500 

4.600 

0.310 

5.79 

6 

4.50 

3.05 

1.18 

1.18 

5.563 

5.663 

0.380 

7.05 

6 

5.13 

3.46 

1.28 

1.28 

6.625 

6.725 

0.430 

8.28 

8 

6.56 

4.28 

1.47 

1.47 

8.625 

8.725 

0.550 

10.63 

10 

8.08b 

5.16 

1.68 1 

1.68 

10.750 

10.850 

0.690 

13.12 

12 

9.50b 

5.97 

1.88 

1.88 

12.750 

12.850 

0.800 

15.47 


All dimensions given in inches. 

^Patterns shall be designed to produce castings of metal thickness given in the table. Metal thickness 
at no point shall be less than 90 per cent of the thickness given in the table. 

bApplies to elbows and tees only. 
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asbestos and metallic gaskets may be used for any pressure and tem- 
perature conditions, but preferably only with a relatively narrow recessed 
facing. 

WELDING 

Erection of piping in heating and ventilating installations by means of 
fusion welding has been commonly accepted in the past few years as a 
competitive method to the screwed and flanged joint. Since the question 

Table 8. American Standard Dimensions of Tees and Crosses®- (Straight Sizes) 
FOR Class 125 Cast-Iron Flanged Fittings, B16a-1939 



Tee Side outlet Cross 


NoBfiNAL 

PlPB ST7TCb-0 

A 

AA 

Diameter 

OP 

Flanob 

Thickness op 
Flange, 

Min. 

Metal 6 
Thickness 
op Body 

Gunter to Face 
Tees and 
Crosses c-d 

Face to Face 
Tees and 
Crosses c-d 

1 


7 i 


Ke 


IH 


m 

4^ 


He 


4 

8 

5 

Ke 

He 

2 


9 

6 

Vs 

He 


6 

10 

7 



3 


11 


% 

H 


6 

12 

m 


He 

4 


13 

9 



5 

m 

15 

10 



6 

8 

16 

11 

1 

He 

8 

9 

18 

13H 


H 

10 

11 

22 

16 


H 

12 

12 

24 

19 


^He 

14 O.D. 

14 

28 

21 

m 


16 O.D. 

15 

30 

23H 

IKa 

1 

18 O.D. 

16H 

33 

25 


^He 

20 O.D. 

18 

36 

27M 


m 

24 O.D. 

22 

44 

32 

IVs 


30 O.D. 

25 

50 

38K 

2H 

IHe 

36 O.D. 

28 

56 

46 

2H 

iHa 

42 O.D, 

31 

62 

53 

2^ 

l^He 

48 O.D. 

34 

68 

59 

2H 

2 


All dimensions given in inches. 

^Crosses both straight and reducing sizes 18 in. and larger shall be reinforced to compensate for the 
inherent weakness in the casting design. 

bSize of all fittings listed indicates nominal inside diameter of port. 

cTees, side outlet tees, and crosses, 16 in. and smaller, reducing on the outlet, have the same dimensions 
center to face, and face to face as straight size fittings corresponding to the size of the larger opening. 
Sizes 18 in. and larger, reducing on the outlet, are made in two lengths, depending on the size of the outlet. 

dTees and crosses, reducing on run only, carry same dimensions center to face and face to face as a 
straight size fitting of the larger opening. 

eBody thickness at no point shall be less than 87H per cent of the dimensions given in the table. 
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of economy of welding as against the use of screwed and flanged fittings 
is dependent on the individual job, the use of welding is generally recom- 
mended on the basis of a greatly reduced cost of maintenance and repair, 
of less weight resulting from the use of a lighter-weight pipe, and of 
increased economy in pipe insulation, hangers, and supports rather than 
on the basis of any economy that might be effected in actual erection by 
welding on low to medium pressure heating jobs. 


Table 9. American Standard Dimensions of Elbows for Class 125 
Cast-Iron Flanged Fittings, B16a-1939 



90 deg Long radius 45 deg Reducing Side outlet 


Nouinax 
Fipb Sizia 

A 


c 

Diauster 

or 

Flange 

Thickness 
or Flange, 
Mm. 

Metals 
Thickness 
or Boot 

Cbntbr to Facb 
Elbow b-o-d 

Center to Face , 
Long Raoius 
Elbow Ix-d 

Center to Face 
45 Dbg 
Elbow c 

1 

3H 

j 

5 

m 


Ke 

^6 




2 




IH 

4 

6 

2H 

5 

Ke 


2 1 

m 

eH 

2H 

6 i 


Me 

2H 

5 

7 

3 

7 

^He 

Hi 

3 


7H 

3 



Va 


6 

m 

3H 

8)^ 


He 

^ 1 

m 

9 

4 

9 


H 

5 

7H 


m 

10 


H 

6 

8 

n}i 

5 

11 

1 

fie 

S i 

9 

14 

5H 

13M 

IH 

H 

10 1 

11 

im 

6H 



H 

12 

12 

19 





14 O.D. 

14 

21H 

7^ 



H 

16 O.D. 

15 

24 

8 

2S}4 


1 

18 O.D. 

16J^ 


8H 



IHe 

20 O.D. 

18 

29 


27H 


IH 

24 O.D. 

22 

34 

11 



IH 

30 O.D. 

25 

41H 

15 

38 


IHe 

36 O.D. 

28 

49 

18 

46 

2H 

IH 

42 O.D. 

31 

56J^ 

21 

53 

2H 

l^He 

48 O.D. 

34 

64 

24 

69H 

2H 

2 


All dimensions given in Inches. 

ASize of all fittings listed indicates nominal inside diameter of port. 

^Reducing elbows and side outlet elbows carry same dimensions center to face as straight size elbows 
corresponding to the size of the larger opening. 

especial degree elbows, ranging from 1 to 45 deg, incluave, have the same center to face dimensions 
as given for 45-deg elbows and those over 45 deg and up to 90 deg, inclusive, shall have the same center to 
face dimensions as given for 90-deg elbows. The angle designation of an elbow is its deflection from straight 
line flow and is the angle between the flange faces. 

dSide outlet elbows shall have all openings on intersecting center-lines. 

•Body thickness at no point shall be less than 87 }^ per cent of the dimensions given in the table, 
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Fusion welding, commonly used in erection of piping, is defined as the 
process of joining metal parts in the molten, or molten and vapor states, 
without the application of mechanical pressure or blows. Fusion welding 
embraces gas welding and electric arc welding, both of which are com- 
monly used to produce acceptable welds. 

Welding application requires the same basic knowledge of design as do 
the other types of assembly, but in addition, requires a generous know- 
ledge of the sciences involved, particularly as to welding qualities of 


Table 10, American Standard Dimensions for Butt-Welding Elbows, Tees, 
Caps, and Lapped-Joint Stub Ends, A.S.A. B16.9-1940 



Nominal 

PiPB 

Size 

OUTSIDB 

Diameter 

Centbe-jto-End 

Caps 

Eb-o 

Lapped-Joint Stub Ends 

90-Deg 

Elbows 

A 

4S-Deg 

Elbows 

B 

Of Run 
Tee 

Ca 

Length 

Radius of 
Met 

^ . 

Diam. of 
Lap 

Gd 

1 

1.315 



m 


4 


2 



IH 

1 

m 


4 


2H 



2M 

m 

2M 


4 


2% 

2 

2.375 

3 

m 

2M 


6 


3ys 

2}^ 

2.875 

3H 

m 

3 


6 

^6 

4M 

3 

'ITIJ 

4J4 

2 

3H 

2 

6 

ys 

5 

33^ 


5H 


3K 


6 

ys 

5H 

4 


6 



2M 

6 



5 

5.563 

7K 

33^ 

4H 

3 

8 

Ke 

7^6 

6 


9 

3% 

3% 

sy2 

8 


8H 

8 


12 

5 

7 

4 

8 


10 ^ 


BliJIrA 9 

15 

6J€ 

8}^ 

5 

10 


12H 

12 

12.750 

18 

m 

10 

6 

10 


15 


All dimensions s^ven in inches. 

aThe dimensions of welding tees cover those which have side outlets from one size less than half the size 
of the run-way opening of the tees to full size. 

bDimensions E and F are applicable only to these fittings in schedules up to and including Schedule 80, 
A.S.A. Standard B36.10-1939. 

oThe shape of these caps shall be ellipsoidal and shall conform to the requirements of the A.S.M.E. 
Boiler Construction Code. 

dThis dimension is for standard machined facings in accordance with American Standard for Steel Pipe 
Flanges and Flanged Fittings (A.S.A. B16e-1939). The back face of the lap shall be machined to conform 
to the surface of the flange on which it seats. Where ring joint facings are to be applied, use dimension K 
as given in A.S.A, B16e-1939. 


metal, their reaction to extremely high temperatures, and the ability to 
detennine and use only the best quality weling rods. This requirement 
applies equally to^ employer and employee with the employer accepting 
all of the responsibility. Thus the employer should select his welding 
mechanics with good judgment, provide them with first-class equipment 
and tools, arrange for their training and use of acceptable workmanship 
standards, and at regular intervals subject their work to prescribed tests. 
Industry will not accept the employment of mechanics of undetermined 
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ability nor on the basis of past experience. Neither does industry accept 
the statement that a weld is only as good as the workman who makes it. 
The control Codes now in process of adoption will be the law governing 
the use of the welding process. These Codes prohibit individual practices 
contrary to their specified procedure and rules of control, and this is 


Table 11, American Standard Dimensions of Steel Welding Neck Flanges for 
Steam Service Pressure Rating of 150 Lb per Sq In. (Gage) at a Temperature 
OF 500 F, AND 100 Lb. per Sq. In. (Gage) at 750 F, A.S.A. B16e-1939 



Nominal 

Pipe 

Size 

Diameter 

op 

Flange 

Thickness 

op 

Flg.» 

Mm. 

Diameter 

OP 

Hub 

Hub Diam. 
BEGornmo 

OP 

CHAMPERh-o 

Length 

Thru 

Hub® 

Inside Diam. 

OF Pipe 
Schedule 40o 

Dum. OP 
Bolt 
Circle 

No. 

OP 

Bolts 

Size 

OP 

Bolts 

0 

Q 

X 

E 

r 

J 


SH 

He 

1^6 

0.84 

IH 

0.62* 

2H 

4 


H 



IH 

1.05 

2He 

0.82* 

2M 

4 


1 

4M 

He 

l^He 

1.32 

2He 

1.05* 

SH 

4 

H 

IM 



SHe 

1.66 

2H 

1.38* 

3H 

4 



5 

^He 

2H6 

1.90 

2He 

1.61* 

3H 

4 


2 

6 

H 

3He 

2.38 

2H 

2.07* 

4H 

4 


2H 

7 

Va 

3He 

2.88 

2H 

2.47* 

5^ 

4 


3 

7H 

^He 


3.50 

2M 

3.07* 

6 

4 



8H 

"He 

41H6 

4.00 

21H6 

3.55* 

7 

8 


4 

9 

^He 

SHe 

4,S0 

3 

4.03* 

7}4 

8 


5 

10 

^He 

6He 

5.56 

3H 

5.05* 

8H 

8 

H 

6 

11 

1 

7H6 

6.63 

3H 

6.07* 

9^ 

8 


8 

13H 

IVs 

S^He 

8.63 

4 

7.98* 

IIH 

8 

H 

10 

16 

iHe 

12 

10.75 

4 

10.02* 

14H 

12 

H 

12 

19 


14^ 

12.75 

4}^ 


17 

12 

H 

14 O.D. 

21 

m 

15H 

14.00 

5 

To Be 

18H 

12 

1 

16 O.D. 

23 

IHe 

18 

16.00 

5 

Specified 

21K 

16 

1 

18 O.D. 

25 

IHe 

19H 

18.00 


by 

22?^ 

16 

IH 

20 O.D. 

27H 

l^He 

22 

20.00 

5% 

Purchaser 

25 

20 

IH 

24 O.D. 

32 

IH 

2614 

24,00 

6 


29H 

20 

IH 


All dimensions given in inches. 

»A raised face of ^ in. is included in thickness of flange minimum and in length through hub, 
bThe outside surface of the welding end of the hub shall be straight or tapered at not more than 6 deg. 
©Dimensions H and J correspond to the outside and inside diameters of pipe as given in A.S.A. B36.10- 
1939, Schedule 40. 

♦These diameters are identical with the diameters of what was formerly designated as Standard Weight 
Pipe of the corresponding sizes. 

predicated upon the sound requirement that the employer must assume 
full responsibility for the deposited weld. 

It is advisable that this management responsibility be included in all 
welding specifications and that authoritative standards of workmanship 
also be specified. The standards of workmanship for this industry are as 
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set forth in the Standard Manual on Pipe Welding of the Heating, Piping 
and Air Conditioning Contractors National Association. 

A complete line of manufactured steel welding fittings is now available 


Table 12. American Standard Dimensions of Steel Welding Neck Flanges for 
Steam Service Pressure Rating of 300 Lb per Sq In. (Gage) at a Temperature 

OF 750 F, A.SA, B16e-1939 



No107AL 

PiM 

SiZB 

Diam. 

OF 

Flange 

Thick- 

ness 

OF 

FLG.a 

Min. 

DuiL 

OF 

Hub 

Hub 

Diau. 

BEGINNINa 
OF Cham- 

FEBh-O-d 

Length 

Thru 

Hub® 

Inside 

Diau. 

OF Pipe 
Schedule 
40od 

Inside 

Diam. 

OF Pipe 
Schedule 
SO o-d 

Diam. 

OF 

Bolt 

Circle 

No. 

OF 

Bolts 

Size 

OF 

Bolts 

0 

<2 

X 

H 

7 

J 

J 



Jfe 

lA 

0.84 

2H« 

0.62* 

0.55i 


2% 

4 

% 

K 



m 

1.05 

2% 

0.82* 

0.74^ 


3% 

4 

% 

1 



2A 

1.32 

2K6 

1.05* 

0.96^ 


3% 

4 

% 

iJi 


H 

2A 

1.66 

2^6 

1.38* 

1.28^ 


3% 

4 



6^ 


2h 

1.90 

21Mb 

1.61* 

1.60’ 


4% 

4 

¥■ 

2 

6K 

y& 


2.38 

2% 

2.07* 

1.941 


5 

8 

H 


m 

1 

31^6 

2.88 

3 

2.47* 

2.32* 


5% 

8 

% 

3 

m 


4:A 

3.50 

3% 

3.07* 

2.90- 


6% 

8 

% 

m 


1^6 


4.00 

3%6 

3.55* 

3.36- 


7% 

8 

% 

4 

10 

Wi 

5M 

4.50 

m 

4.03* 

3.83^ 


7% 

8 

% 

5 

11 

Ws 

7 

5.56 

3% 

5.05* 

4.81- 


9% 

8 

% 

6 

12H 

IKe 

8H 

6.63 

3% 

6.07* 

5.76i 


10% 

12 

% 

8 

15 

1% 

lOM 

8.63 

4% 

7.98* 

7.631 


13 

12 

Vs 

10 

17H 

VA 

12A 

10,75 

4% 

10.02* 



15% 

16 

1 

12 

20M 

2 

UK 

12.75 

5^ 




17% 

16 

1% 

14 O.D. 

23 

2A 

16% 

14.00 

5% 

fo’Be 

1 ToBe 1 

20% 

20 

1% 

16 O.D. 

25}^ 

2M 

19 

16.00 

6% 

Speci- 

Speci 

- 

22% 

20 

1% 

18 O.D. 

[ 28 

25^ 

21 

18.00 

6% 

fied by 

fied by 

24% 

24 

1% 

20 O.D. 

! 30}^ 

2A 

23% 

20.00 

6% 

Pur- 

Pur- 


27 

24 

1% 

24 O.D. 

36 

2H 

27% 

24.00 

6% 

chaser 

chaser 

32 

24 

1% 


All dimensions given in inches. 

raised face of Hi in. is included in thickness of flange minimum and in length through huh. 
bThis outside surface of the welding end of the hub shall be straight or tapered at not more than 6 deg. 
cDimensiona E and J correspond to the outside and inside diameters of pipe as given in A. 5. A. B36.10- 
1939, Schedules 40 and 80. Purchaser’s order must specify which of these two inside diameters is desired. 

dThese flanges are regularly bored to match inside diameter of Schedule 40 pipe, but are bored to 
Schedule 80 pipe when so ordered. 

♦These diameters are identical with the diameters of what was formerly designated as Standard-Weight 
Fipe of the corresponding sizes. 

tThese diameters are identical with the diameters of what was formerly designated as Extra-Strong Pipe 
of the corresponding sizes. 

and a dimensional standard has been prepared under the procedure of the 
American Standards Association to unify heretofore divergent dimensions 
for the same type welding fittings as produced by different manufacturers. 
Standard dimensions for elbows, tees, caps, and lapped-joint stub ends 
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are given in Table 10. Dimensions for eccentric and concentric reducers, 
and 180-deg return bends are not shown in Table 10 but are included in 
the American Standard. Larger sizes also are available in some types of 
fittings. The welding bevel which is a straight Z7}4-deg V for wall thick- 
nesses % in. and below, and a U-bevel for thicknesses heavier than ^ in., 
conforms to the recommended practice of ^4.5.^. Standard B16e-1939, 
American Standard for Steel Pipe Flanges and Flanged Fittings. The 
latter also contains dimensions for steel welding-neck flanges for pressures 


Table 13. Proposed American Standard Dimensions of Socket-Welding Elbows, 
Tees, Crosses, 45-Deg Elbows, and Couplings 



Nominal 

Pipe 

Size 

Minimum 

Depth 

OP 

Socket 

Cbnteh to Bottom op Socket 

Couplings 

Distance 

Bbi^een 

Bottoms 

Sockets 

Bore 

Diameter 

OF 

Socket, 

Minimum 

Minimum Socket 
Wall Thickness 

Bore Dla.metsr op 
Fittings 

90-Deg Ells, 
Tees, Crosses 

i5-Deg Ells 

Sched. 

40 

Sched. 

80 

Sched. 

160 

Sched. 

40 

Sched. 

SO 

Sched. 

160 

Sched. 

40&80 

Sched. 

160 

Sched. 

40<k80 

Sched. 

160 

A 

A 

E 

B 


Ca 


D 

H 

H 

% 


K 


Kb 

0.555b ! 

0.156 

0.156 


0.364 

0.302 




K 

% 


K 


Kb 1 

0.690b 

0.156 

0.158 


0.493 

0.423 


K 

H 

% 

K 

K 

K 

K 1 

0.855 

0.156 

0.184 

0.234 

0.622 

0.546 

0.466 

K 

K 

K 

K 

K 

?f6 

K 

1.065 

0156 

0.193 

0.273 

0.824 

0.742 

0.614 

1 

K 

Vz 

IK 

% 


K 

1.330 

0.166 

0.224 

0 313 

1.049 

0.957 

0.815 

IK 

H 

IK 

IK 

“K 


K 

1.875 

0.175 

0.239 

0.313 

1.380 

1.278 

1.160 

IK 

K 


IV?. 


1 

K 

1.915 

0.181 

0.250 

0.351 

1.610 

1.500 

1338 

2 

K 

iK 

m 

1 

IK 

H 

2.406 

0.193 

0.273 

0.429 

2.067 

1.939 

1.689 

2K 

K 

m 

2\i 

IK 

IK 

% 

2.906 

0.254 

0.345 

0.469 

2.469 

2.323 

2.125 

3 

K 

2K 

m 

IK 

IK 

H 

3.535 

0.270 

0.375 

0.546 

3.068 

2.900 

2.626 


All dimensions are given in inches. 

aDimensions C is IK times the nominal pipe thickness, minimum, but not less than in* 
bThis dimension applies to Schedules 40 and 80 only. 

Reducing sizes have same center to bottom of socket dimension as the largest size of reducing fitting 


Up to 2500 lb per square inch. Tables 11 and 12 give these dimensions 
for welding-neck flanges suitable for 150 and 300 lb per square inch gage 
pressure. 

Socket welding fittings are also commercially available. These fittings 
h ave a machined recess into which the pipe slips. A fillet weld between 
the pipe and socket edge provides a pressure- tight joint. This type of 
fitti ng has gained rapid acceptance due to its ease of installation, low 
cost , and ability to make a pressure tight joint without weakening the 
pipe as is the case with threading. Standard dimensions for socket 
weld ing fittings are being formulated under the procedure of the American 
Stan dards Association. 
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Use of socket welding fittings generally is restricted to nominal pipe 
size 3 in. and smaller in which range commercial fittings are available. 
For pipe sizes above 3 in., butt welding fittings of the type shown in 
Table 10 customarily are used. Proposed American Standard dimensions 
for socket-welding elbows, tees, crosses, 45-deg elbows, and couplings, 
which are being formulated under the procedure of the American Stand- 
ards Association, are given in Table 13. 

Table 14. American Standard Contact Surface to Contact Surface Dimensions 
OF Cast-Iron and Steel Flanged Wedge Gate Valves, A.S.A, B16.10-1939 



Contact Suefacii to Contact Suepace Dimensions, (2 X AA) 


rSOMINAli 

Pipe 

Size 

Cast-Irona 

Steel 

125 

17Sbc 

250b 

150b 

300b 

1 






IK 






IK 





7K 

2 

7 


8M 

7 

834 

2V2 


8 


734 

934 

3 

8 

9M 

1134 

8 

1134 



10 

11^ 

8M 

1134 

4 

9 

lOK 

12 

9 

12 

5 

10 

113^ 

15 

10 

15 

6 

lOK 

13 

15K 

lOK 

15K 

8 

iiK 

UH 

16K 

UK 

16K 

10 

13 

16H 

18 

13 

18 

12 1 

14 

17}4 

19K 

14 

19K 

14 O.D. 

15 



22K 

15 

30 

16 O.D. 

16 


24 

16 

33 

18 O.D. 

17 


26 

17 

36 

20 O.D. 

18 


28 

18 

39 

24 O.D. 

20 

— 

31 

20 

45 


All dimensions given in inches. 

aXhese dimensions are the same for Cast-Iron Double Disc Flanged Gate Valves. 

l>These are pressure designations which refer to the primary service ratings in pounds per square inch 
of the connecting end flanges. 

cThe connecting end flanges of 175 lb valves are the same as those on 250 lb valves. 

Note 1: — ^Where dimensions are not given, the sizes either are not made or there is insufficient demand 
to warrant the expense of unification. 

Note 2: — Female and groove joint facings have bottom of groove in same plane 2 lS flange edge, and center 
to contact surface dimensions for these facings are reduced by the amount of the raised face. 
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VALVES 

Valves are made with both threaded and flanged ends for screwed and 
bolted connections just as are pipe fittings. 

The material used for valves of small size is generally brass or bronze 
for low pressures and forged steel for high pressures, while in the larger 
sizes either cast-iron, cast-steel or some of the steel alloys are employed. 
Practically all iron or steel valves intended for steam or water work are 
bronze-mounted or trimmed. 

Brass, bronze,^ and iron valves are generally designed for standard or 
extra heavy service, the former being used up to 125 lb and the latter up 
to 250 lb saturated steam working pressure, although most manufacturers 
also make valves for medium pressure up to 175 lb steam working pres- 
sure. The more common types are gate valves or straightway valves, 
globe valves, angle valves, check valves and automatic valves, such as 
reducing and back-pressure valves. 

Gate valves are the most frequently used of all valves since in their open 
position the resistance to flow is a minimum, but they should not be used 
where it is desired to throttle the flow; globe valves should be used for 
this purpose. These valves may be secured with either a rising or a non- 
rising stem, although in the smaller sizes the rising stem is more commonly 
used. The rising stem valve is desirable because the positions of the 
handle and stem indicate whether the valve is open or closed, although 
space limitations may prevent its use. The globe valve is less expensive 
to manufacture than the gate valve, but its peculiar construction offers 
a high resistance to flow and may prevent complete drainage of the pipe 
line. These objections are of particular importance in heating work. 

An American Standard, A.S.A. B16.10-1939, has been prepared giving 
the face-to-face dimensions of ferrous flanged and welding end valves. 
The following types are covered: wedge gate, double disc gate, globe and 
angle, and swing check. One purpose of establishing these dimensions is 
to insure that gate valves of a given rating and flange dimension of either 
the wedge or double disc design will be interchangeable in a pipe line. 
Contact surface to contact surface dimensions of cast-iron and steel 
flanged wedge gate valves are given in Table 14. End-to-end dimensions 
for steel butt-welding valves in sizes up to 8 in., inclusive, are the same 
as those given in TaWe 14 for steel valves. 

Check valves are automatic in operation and permit flow in only one 
direction, depending for operation on the difference in pressure between 
the two sides of the valve. The two principal kinds of check valves are 
the swing check in which a flapper is hinged to swing back and forth, and 
the lift check in which a dead weight disc moves vertically from its seat. 

Valves commonly used for controlling steam or water supply to radi- 
ators constitute a special class since they are manufactured to meet 
heating system requirements. These valves are generally of the angle 
type and are usually made of brass. Graduations on the heads or lever 
handles are often supplied to indicate the relative opening of the valve in 
any position. 

Automatic control of steam supply to individual radiators can be 
effected by use of direct-acting radiator valves having a thermostatic 
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element at the valve, or near to it. The direct-acting valve is usually an 
angle-type valve containing a thermostatic element which permits the 
flow of steam in accordance with room temperature requirements. These 
valves usually are capable of adjustment to permit variation in room 
temperature to suit individual taste. 

Ordinary steam valves may be used for hot water service by drilling a 
hole through the web forming the seat to insure sufficient circulation 
to prevent freezing when the valve is closed. Valves made particularly 
for use in hot water heating systems are of less complex design, one type 
consisting of a simple butterfly valve, and another of a quick opening type 
in which a part in the valve mechanism matches up with an opening 
in the valve body. 

In one-pipe steam-heating systems, automatic air valves are required 
at the radiators. Two common types of air valves available are the 
vacuum type and the straight-pressure type. Vacuum valves permit the 
expulsion of air from the radiators when the steam pressure rises and, in 
addition, act as checks to prevent the return of air into the radiator when 
a vacuum is formed by the condensation of steam after the supply pressure 
has dropped. Ordinary air valves permit the expulsion of air from the 
radiator when steam is supplied under pressure, but when the pressure 
dies down and a vacuum tends to be formed the air is drawn back into 
the radiator. 

A system operating either continuously or intermittently and supplied 
with vacuum valves will generally hold heat longer and warm up more 
quickly than one provided with non-vacuum air valves; thus, it will 
effect considerable economy of fuel because the idle period during which 
no heat is delivered is shortened. In those cases, where a system is 
equipped with vacuum air valves and which has been cold for several 
hours, the system will probably have an internal pressure within the 
radiator closely approaching atmospheric. At such times, the vacuum 
valve will not vent the system any more rapidly than the ordinary type. 
Automatic air valves are provided with a float to close them in case the 
radiator becomes flooded with water because it does not drain properly. 

CORROSION 2 

Corrosion is sometimes encountered in heating work on the outside of 
burled pipes or the inside of steam heating systems; it is seldom ex- 
perienced in hot water heating systems unless the water is frequently 
renewed. Piping buried in the ground is quite successfully protected by 
coatings of the asphaltic type which are usually applied hot and often 
reinforced with fabric wrappings. Galvanizing by the hot-dip process and 
painting with specially prepared mixtures also afford some protection. 

Internal corrosion in steam heating systems occurs principally in the 


3New Light on Heating System Corrosion, by J. H. Walker {Beating and Ventilating, May, 1933). 
A.S.H.V.E. Research Report No. 983 — Corrosion Studies in Steam Heating Systems, by R. R. Seeber, 
F. A. Rohrman and G. E. Smedberg, (A.S.H.V.E. Transactions, Vol. 40, 1934, p. 253). A.S.H.V.E. 
Research Report No. 1037 — Corrosion Studies in Steam Heating Systems, by R. R. Seeber, F, A. Rohr- 
man and G. E. Smedberg, (A.S.H.V.E. Transactions, Vol. 42, 1936, p. 263). A.S.H.V.E. Research 
Report No. 1071 — Corrosion Studies in Steam Heating Systems, by R R. Seeber and Margaret R. Holley 
(A.S.H.V.E. Transactions, Vol. 43, 1937, p. 461). Corrosion in Steam Heating Systems, by L. F. Collins 
and E, L. Henderson, {Beating, Piping and Air Conditioning, September, 1939 to May, 1940). 
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condensate return pipes and is nearly always caused by oxygen or carbon 
dioxide, or both, in solution in the condensate. Oxygen may enter the 
heating system with the steam, owing to its presence in the boiler-feed 
water, or it may enter as air through small leaks, particularly in systems 
which operate at sub-atmospheric pressures. When a steam heating 
system is operated intermittently, air rushes in during each shutdown 
period and oxygen is absorbed by the condensate which clings to the 
interior surfaces of the pipes and radiators. The rate of corrosion depends 
upon the amounts of oxygen and carbon dioxide present in solution, upon 
the operating temperature, and upon the length of time that the pipe 
surfaces are in contact with gas-laden condensate. 

^ Another possible cause of corrosion is a flow of electric current some- 
times resulting from faulty electrical circuits which should be corrected. 
Electrolytic corrosion also may occur because of the presence of two dis- 
similar metals,^ such as brass and iron, but the condensate in practically 
all steam heating systems is such a weak electrolyte that this cause of 
corrosion is very infrequent. 

If trouble is experienced from corrosion, oxygen should be eliminated 
from the feed water by proper deaeration with commercial apparatus. 
The elimination of the oxygen due to air leakage is more difficult because 
of the multitude of small leaks which exist around valve stems and in 
pipe joints. In vacuum systems, however, an attempt should be made 
to minimize such leakage. 

Carbon dioxide in varying amounts is contained in steam produced 
from the majority of water supplies. It is formed from the brealang down 
of carbonates and bicarbonates which are present in nearly all natural 
waters. It can be partly removed by chemical treatment and deaeration, 
but there is no simple method whereby it can be entirely eliminated. 

These gases cause corrosion only when in solution in the condensate; 
when they are mixed with dry steam their corrosive effect is negligible. 
The amount of gas in solution depends upon the partial pressure of that 
gas in the atmosphere above the surface of the solution, in accordance 
with the well known physical law of Henry and Dalton®. The correct 
application of this law, however, requires equilibrium conditions which do 
not always exist under the flow conditions prevailing in a heating system. 

There is a distinction between corrosion in heating systems proper and 
in the condensate discharge lines from other apparatus using steam at 
relatively high rates, particularly at the times of the cycle when the 
steam consumption is at its heaviest. In such equipment the gases tend 
to accumulate in the steam space and to become dissolved in the con- 
densate in appreciable concentrations, thus greatly increasing the pos- 
sibilities of corrosion. The condensate will more nearly approach in 
composition the composition of the steam than will the normal condensate 
from low rating apparatus such as room radiators, and will, therefore, 
normally include in solution more contaminants. It is possible that care- 
ful venting of such equipment would reduce the amount of contaminants 
dissolved in the condensate, thus giving less corrosion. There is evidence 
that the partial pressures of the gases are much lower in heating systems 


*Some Fundamental Considerations of Corrosion in Steam and Condensate Lines, by R. £. Hall and 
A. R. Mumford (A.S.H.V.E. Transactions, Vol. 38, 1932, p. 121). 
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than in high usage equipment, and therefore the corrosion possibilities of 
the two are not comparable. Hence, corrosion observed in the condensate 
discharge lines from high usage equipment does not necessarily indicate 
that equally serious corrosion is taking place in the heating system. 

The seriousness of corrosive conditions is best determined by actual 
measurement rather than by inference from isolated instances of pipe 
failures. The National District Heating Association has perfected a cor- 
rosion tester for measuring the inherent corrosiveness of existing con- 
ditions. This corrosion tester consists of a frame supporting three coils 
of wire which are carefully weighed. After the tester has been inserted in 
the pipe line for a definite length of time, the loss of weight of the coils, 
referred to an established scale, indicates the relative corrosivensss of the 
condensate. Accompanying such corrosion measurements, a careful 
chemical analysis should be made of the condensate, and the findings will 
serve as a basis for an intelligent study of the problem. 

^ There are some indications that after a condensate containing carbon 
dioxide has dissolved some iron and thereby raised its pH value, its cor- 
rosive action is greatly reduced and the solution will remain comparatively 
inactive until admission of oxygen permits the precipitation of the 
dissolved iron as ferric oxide. The pH value of the condensate may be 
buffered to a fairly high value by the solution of iron and not correspond 
to the pH value to be expected in the unbuffered solution containing the 
same amount of carbon dioxide. 

Corrosion, if found to exist, can be lessened or overcome by several 
means. If the steam supply is found to be definitely contaminated, 
proper chemical treatment of the water, followed by deaeration, is an 
obvious remedy. The leaks in the piping system, particularly in vacuum 
systems, should be stopped so far as is practicable. 

Although inhibitors of various types have had considerable trial and 
experimentation and successes have been reported, the information as 
yet requires considerable study to be made satisfactorily useful. Among 
these inhibitors are oil, sodium silicate, sodium hydroxide, tannin, and 
various other organic compounds, some of which release ammonia gas. 
The best guidance to date in the use of such inhibitors is to compare the 
results found over a period of years in a similar installation operating 
under the same conditions. 

In view of the fact that corrosion is most frequently found in the 
return lines from special equipment, which constitute a relatively small 
part of the total piping in a building, a simple solution of the corrosion 
problem may be to use non-corroding materials in those certain portions 
of the piping system, since the higher cost will usually be an unappreciable 
portion of the total. Brass and copper are undoubtedly less subject to this 
type of corrosion than the ferrous metals, and considerable attention is 
now being given to corrosion-resistant linings for ferrous pipe. Cast-iron 
pipe, sometimes alloyed with other metals, also deserves consideration. 
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GRAVITY WARM AIR FURNACE SYSTEMS 


Design Procedure^ Estimating Heating Requirements , Leader 
Pipe SizeSi Proportioning Wall Stacks^ Register Selections, 
Recirculating Ducts and Grilles, Furnace Return Connection, 
Furnace Capacity, Examples, Booster Fans 


W ARM air heating systems of the gravity type are described in this 
chapter^ and those of the mechanical type are described in Chapter 
20. In the gravity type, the motive head producing flow depends upon 
the difference in weight between the heated air leaving the top of the 
casing and the cooled air entering the bottom of the casing, while in the 
mechanical type a fan may supply all or part of the motive head. Booster 
fans are often used in conjunction with gravity-designed systems to 
increase air circulation. 

In general, a warm-air furnace heating plant consists of a fuel-burning 
furnace or heater, enclosed in a casing of sheet metal or brick, which is 
placed in the basement of the building. The heated air, taken from the 
top or sides near the top of the furnace casing, is distributed to the 
various rooms of the building through sheet metal warm-air pipes. The 
warm-air pipes in the basement are known as leaders, and the vertical 
warm-air pipes which are run in the inside partitions of the building are 
called stacks. The heated air is finally discharged into the rooms through 
registers which are set in register boxes placed either in the floor or in 
the side wall, usually at or near the baseboard. 

The air supply to the furnace may be taken (1) entirely from inside 
the building through one or more recirculating ducts, (2) entirely from 
outside the building, in which case no air is recirculated, or (3) through a 
combination of the inside and the outside air supply systems. 

DESIGN PROCEDURE 

The design of a furnace heating system involves the determination 
of the following items: 

1. Heat loss in Btu from each room in the building. 

2. Area and diameter in inches of warm-air pipes in basement (known as leaders). 

3. Area and dimensions in inches of vertical pipes (known as wall stacks). 

4. Free and gross area and dimensions in inches of warm-air registers. 

5. Area and dimensions of recirculating or outside air ducts, in inches. 

6. Free and gross area and dimensions in inches of recirculating registers. 


^All figures and much of the engineering data which follow are from University of Illinois, Engineering 
Experiment Station Bulletins Nos. 141, 188, 189 and 246; Warm Air Furnaces and Heating Systems, by 
A. C. WUlard, A. P. Krate, V, S. Day, and S. Konzo. 
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7. Size of furnace necessary to supply the warm air required to overcome the heat 
loss from the building. This size should include square inches of leader pipe area which 
the furnace must supply. It is also desirable to call for a minimum bottom fire-pot 
diameter in inches, which is the nominal grate diameter. 

8. Area and dimensions in inches of chimney and smoke pipe. If an unlined chimney 
is to be used, that fact should be made clear. 

The heat loss calculations should be made in accordance with the 
procedure outlined in Chapter 6, taking into consideration the trans- 
mission losses as well as the infiltration losses. 

LEADER PIPE SIZES 

In a gravity circulating warm-air furnace system the size of the leader 
to a given room depends upon the temperature of the warm air entering 
the room at the register. A reasonable air temperature at the registers 
must, therefore, be chosen before the system can be designed. The 
National Warm Air Heating and Air Conditioning Association has ap- 
proved an air temperature of 175 F at the registers as satisfactory for 
design purposes. At this temperature, the heat-carrying capacity (heat 
available above 70 F) per square inch of leader pipe per hour for first, 
second or third floors is shown by Fig. 1 at 175 F to be 105, 170 and 208 
Btu, respectively. For average calculations, the values 111, 166 and 200 
will simplify the work and may be satisfactorily substituted for these 
heat-carrying capacities. If H represents the total heat to be supplied any 
room, the resulting equations are: 

H 

Leader areas for first floor, square inches — = approximately O.OOOJET (1) 

H 

Leader areas for second floor, square inches = “ approximately O.OOfiiT (2) 

Leader areas for third floor, square inches = = approximately O.OOSfl' (3) 

In designing for a lower warm-air register temperature, say 160 F, the 
factors 111, 166 and 200 become 80, 140 and 166 (Fig. 1 at 160 F), and 
the resulting equations are: 

H 

Leader areas for first floor, square inches = — = approximately 0.012^ (4) 

oU 

H 

Leader areas for second floor, square inches = = approximately 0.007iT (6) 

Leader areas for third floor, square inches - = approximately O.OOfliT (6) 

These equations are applicable to straight leaders from 6 to 8 ft in 
length. Longer leaders must be thoroughly insulated or the vertical 
stacks must be increased in area as discussed, under wall stacks. If some 
provision is not made for these longer leaders, the air temperature may be 
much lower than anticipated and the room will not be properly heated. 

The values shown in Fig. 1 apply only to the case where the straight, 
leader pipe is 8 ft in length and is connected to stacks whose cross- 
sectional area is approximately 75 per cent of that of the leader pipe. 

366 




CHAPTER 19. GRAVITY WARM AIR FURNACE SYSTEMS 


Any deviation from these conditions requires a modification of the con- 
stants used in Equations 1, 2, and 3. The temperature drop in leaders of 
various lengths at three different register temperatures is shown in Fig. 2^ 
and should be used to obtain new register temperatures, lower than 175 F, 
on which to base selections from the curves of Fig. 1, and thereby new 
constants for Equations 1, 2 and 3. 

Leader sizes should in general be not less than those obtained by 
Equations 1 to 3 nor should leaders less than 8 in. in diameter be used. 
In residences requiring a leader pipe area of 650 sq in. or less, it is advisable 



to use two or more leader pipes to rooms requiring more than the capacity 
of a 12 in. round pipe. It is not considered good commercial practice to 
specify diameters except in whole inches. The tops of all leaders should 
be at the same elevation as they leave the furnace bonnet, and from this 
point there should be a uniform up-grade of 1 in. per foot of run in all 
cases. Leaders over 12 ft in lengtli should be avoided if possible. In 
cases where such leaders are required, the use of a larger size pipe, than is 
required by the application of the equations, smooth transition fittings, 
and duct insulation are recommended. 
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PROPORTIONING WALL STACKS 

The wall stack for an upper floor should be made not less than 70 per 
cent of the area of the leader. In cases where the leader is short and 
straight as was the case for Fig. 1, such a practice is probably justified, 
since the loss (Fig. 3) in capacity occasioned by the smaller stack is not 
serious for stacks having areas in excess of 70 per cent of the leader area. 
For leaders over 8 ft in length or for leaders which are not straight, the 
ratio of stack area to leader area should be greater than 70 per cent in 



Fig. 2. Influence of Leader Pipe Length on 
Temperature Loss in Air Flowing 
THROUGH Pipe 


order to offset the greater temperature losses (Fig. 2) in the longer leader. 
In gravity circulating systems, this ratio of stack to leader area is a very 
important matter. 

The curves in Figs. 4 and 5 indicate that for rooms having a heat 
requirement exceeding approximately 9000 Btu per hour, exceedingly 
high register temperatures are required for stacks whose width is less 
than 3^ in. For such requirements either multiple stacks, or stacks 
having larger cross-sectional area (placed in 6 in. studding spaces) will 
be required. 
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REGISTER SELECTIONS 

The registers used for discharging warm air into the rooms should have 
a free or net area not less than the area of the leader in the same run of 
piping. ^ The free area should be at least 70 per cent of the gross area of 
the register. No upper floor register should be wider horizontally than 
the wall stack, and it should be placed either in the baseboard or side wall, 
if this can be done without the use of offsets. First floor registers may be 
of the baseboard or floor type, with the former location preferred. High 



Fig. 3. Relative Heating Effect of Stacks at Constant Heat 
Input to Furnace 


side wall locations for warm air registers in gravity circulating systems 
are not recommended on account of the tendency for stratification of the 
air in the room, resulting in high temperatures at the ceiling. 

RECIRCULATING DUCTS AND GRILLES 

The ducts through which air is returned to the furnace should be 
designed to minimize friction and turbulence. They, should be of ample 
area, equal to or slightly in excess of the total area of warm-air pipes, and 
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at all points where the air stream must change direction or shape, stream- 
line fittings should be employed. Horizontal ducts should pitch at least 
]/2 in. per foot upward from the furnace. 

The recirculating grilles (or registers) should have a free area at least 
equal to the ducts to which they connect, and their free area should 
never be less than 50 per cent of their gross area. 

The location and number of return grilles will depend on the size, details 
and exposure of the house. Small compactly built houses may frequently 
be adequately served by a single return effectively placed in a central hall. 
More often it is desirable to have two or more returns, provided, however, 
that in two-story residences one return is placed to effectively receive the 
cold air returning by way of the stairs. 



Fig. 4. Heating Effect at Registers for Various Stacks with 10-in. Leader 


Where a divided system of two or more returns is used, the grilles 
must be placed to serve the m 2 iximum area of cold wall or windows. 
Thus in rooms having only small windows the grille should be brought 
as close to the furnace as possible, but if the room has a bay window, 
French doors, or other large sources of cooling or leakage of cold air, the 
grille should be placed close by, so as to collect the cool air and prevent 
drafts. When long ducts of this type are employed they must be made 
oversize. This precaution is particularly important when long ducts and 
short ducts are used in the same system. The long ducts must be over- 
size, if they are to operate satisfactorily in parallel with short ducts. 

Return ducts from upstairs rooms may be necessary in apartments 
or other spaces which are closed off or badly exposed. Metal linings are 

370 




CHAPTER 19. GRAVITY WARM AIR FURNACE SYSTEMS 


advisable in such ducts. It is important that these ducts be free from 
unnecessary friction and turbulence, and that they be located to prevent 
preheating of the air before it reaches the furnace. 

Furnace Return Connection 

Circulation of the air is accelerated if the return connection to the 
furnace is through a round inclined pipe connected to two 45 deg elbows 
rather than through a vertical pipe connected to two 90 deg elbows. 
The top of the return shoe should enter the casing below the level of the 
grate in the furnace. In order to accomplish this the shoe must be wide 
as is indicated in Fig. 6, No. 1 arrangement. 

Tests of six different systems of cold air returns, Fig. 6, made at the 
University of Illinois^, resulted in the following conclusions: 



Fig. 6. Heating Effect at Registers for Various Stacks with S-in. Leader 


1. In general, somewhat better room temperature conditions may be obtained by 
returning the air from positions near the cold walls. 

2. Friction and turbulence in elaborate return duct systems retard the flow of air, 
and may seriously reduce furnace efliciency, and lessen the advantages of such a design. 

3. The cross-sectional duct area is not the only measure of effectiveness. Friction 
and turbulence may operate to make the air flow out of all proportion to the various 
duct areas. 

FURNACE CAPACITY 

The size of furnace should, of course, be such as will provide the 
necessary air heating capacity, usually expressed in square inches of 
leader pipe area, and at the same time provide a grate of the proper area 
to bum the necessary fuel at a reasonable chimney draft. The total leader 
pipe area required is obtained by finding the sum of the leader pipe areas 
as already designated. 

^Investigation of Warm Air Furnaces and Heating Systems, Part IV, by A. C. Willard, A. P. Kratz, and 
V. S. Day (University of Illinois, Engineering J^Perimeni Station BuUeiin No. 189). 
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The grate area will depend on several factors of which four are very 
important. First of all, the air temperature at the register for which 
the plant has been designed must be determined. Usually, this tempera- 
ture is taken at 175 F. Second in importance is the combustion rate, 
which must always correspond with the register air temperature^ as is shown 
by a set of typical furnace performance curves (Fig. 7) for a cast-iron, 
circular radiator furnace with a 23 in. diameter grate and 50 in. diameter 
casing. The third factor is efficiency, which is a function of -the com- 
bustion rate, and varies with it as shown by the efficiency curve of Fig. 7. 
The fourth factor is the heat value per pound of fuel burned, which was 
12,790 Btu. This is not shown on the curves since it was constant for all 
combustion rates. 


j 


i 

No 1 




No. 5 No. 6 


Fig. 6. Arrangement of Cold Air Returns for Six Installations 


It may be noted from Fig. 7 that for this particular furnace a register 
temperature of 175 F was accompanied by a combustion rate of approxi- 
mately 7.5 lb per square foot per hour, a capacity at the bonnet of 152,000 
Btu per hour and a furnace efficiency of 58 per cent. Under these con- 
ditions the capacity at the bonnet per square foot of grate was equivalent 
to a value of 52,800 Btu per hour and per square inch of grate was equi- 
valent to 367 Btu per hour. If it is desired to use these curves to select 
a furnace to deliver air at 175 F register temperature in a house where 
the total heat loss is H Btu per hour and the loss between the furnace and 
the registers is 0.25 H Btu per hour, the area of the grate in square inches 

will be = 0.0034 H. 

If, on the other hand, it is desired to select a furnace to deliver air at 
160 F register temperature, the combustion rate is 5.5 lb and the efficiency 
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of the furnace is 62 per cent. Under this condition the capacity at the 
furnace bonnet per square foot of grate is 43,200 Btu per hour and per 
square inch of grate is 300 Btu per hour, the required area of the grate in 

1 25 H 

square inches in this case will be “ 0.0042 H. It should be 

noted that a larger grate area is required if the furnace is to deliver air 
at a lower register temperature. 

The typical performance curves shown in Fig. 7 are not applicable to 



Fig. 7. Typical Performance Curves for a Warm-Air Furnace and Installation 
IN A Three-Story Ten Leader Plant, Operating on Recirculated Air 

all furnaces and hence for ordinary design purposes the values recom- 
mended in the Standard Code® should be used. The equation for a 
furnace having a ratio of heating surface to grate area of 20 to 1 is equal to : 

GXpXfX El XE 2 X 0.866 

144 

•Standard Gravity Code for the Design and Installation of Gravity Warm Air Heating Systems in 
Residences. This code Vias been sponsored by the National Warm Air Heating and Air Conditioning Associ- 
atton, the National Association of Sheet Metal Contractors, and the American Society of Heating and 
Ventilating Engineers. It is recommended that the installation of all gravity warm-air heating systems 
in residences be governed by the provisions of this code, the tenth edition of which may be obtained from 
the National Warm Air Heating and Air Conditioning Association, 145 Public Square, Cleveland, Ohio. 
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where 


G - grate area, square inch. 

p = combustion rate, pound coal per square foot of grate per hour. 

/ = heating value of the coal, Btu per pound. 

El = efficiency at bonnet, ratio of heat delivered at bonnet to heat developed in 
furnace. 

£2 = efficiency of duct transmission, ratio of heat delivered at register to heat 
delivered at bonnet. 

0.866 =* factor of safety to allow for contingencies under service conditions such as 
accumulations of soot and ashes, ineffective firing methods, etc. 

H — total heat loss from structure. 


An addition of 2 per cent of the furnace capacity is proposed for each 
unit when the ratio of heating surface to grate area exceeds 20. This 
addition is based on tests^ conducted at the University of Illinois on 
seven types of furnaces having varying ratios of heating surface to grate 
area. This correction does not, however, apply to values of the ratio less 
than 15 nor greater than 30. 

By transposing the terms in Equation 7 and adding the correction term 
for ratios of heating surface to grate area other than 20 to 1, the following 
equation is obtained : 


lUXH 

pXf X El XE, X 0.866 [1 + 0.02 (£-20)] 


( 8 ) 


in which R — ratio of heating surface to grate area. 

In the case of the Standard Code® the numerical values used in Equa- 
tion 8 were based on those determined from the tests conducted on the 
different types of furnaces. 


lUXH 

7,5 X 12,790 X 0.55 X 0.75 X 0.866 [1 -f 0.02 (£-20)] 


(9) 


G 


= 0.004205 


E 

[1 + 0.02 (£- 20 )] 


( 10 ) 


As used in these calculations, H = Btu heat loss from the entire house 
per hour = summation of all room losses Hi + Hz + etc. + the Btu 
necessary to heat the outside air, if any, at intake. This outside air loss in 
Btu per hour will be approximately 1.27 times the cubic feet of air 
admitted through the intake per hour on a zero day. For systems which 
recirculate all the air this value will be zero. For systems which have an 
outside air intake, controlled by damper, this value might well be approxi- 
mated, since this loss will probably be reduced to a minimum on a zero 
day. Assume for such cases that the building loss is increased by 25 per 
cent, and that there is the usual 25 per cent loss between furnace and 
registers. 

TYPICAL DESIGN 


The application of the preceding data to an actual example may be of 
assistance to the designer. Figs. 8, 9, 10 and 11 represent the plans of 


^University of Illinois, Engineering Experimeni Station Bulletin No. 246, by A. C. Willard, A. P. Kratz. 
and S. Konzo, Chapter X, pp. 126-146. 

•Loc. Cit. Note 3. 
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Fig. 10. Second Floor Plan, Research Residence 



Fig. 11. Third Floor Plan, Research Residence 
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the Warm Air Research Residence of the National Warm Air Heating 
and Air Conditioning Association erected at the University of Illinois®. 

Leaders, Stacks and Registers. (Direct Method) 

Living Room, 1st floor: 

17,250 111 = 155 sq in. leader area. See summary Table 1; also see Art. 3 Sec. 1 

of the Standard Gravity Code^. 

Leader diameter == 14 in. 

Register size = 155 sq in. net area. Gross area = net area 0.7 = 14 in. X 16 in. 
Owner's Room, 2nd floor: 

15,030 167 = 90 sq in. leader area. See summary Table 1; also see Art. 3 Sec. 2 

of the Standard Gravity Code^. 

Leader diameter = 11.4, say 12 in. 

Stack area = 0.7 X 90 = 63 sq in. = say 5 in. X 12 in. 

Register area = 90 sq in. net area. Gross area = net area -r 0.7 = 12 X 12 

or 12 in. X 14 in. 

In like manner the leaders, stacks and registers are calculated for each 
room in the house. 

Leaders, Stacks and Registers. (Code^ Method. See Art. 3, Sec. 1, 2, 3) 

Living Room (Glass = 90. Net wall — 405, Cubic contents = 2405) 

T , / 90 , 405 . 2405 \ . 

“ V W + 17 + w j ^ 

Register, same as Direct Method. 

Owner's Room (Glass = 68, Net wall =* 394, Cubic contents — 2275) 

- , / 68 ^ 394 , 2275 \ _ . 

Stack and Register, same as Direct Method. 

Assuming all air recirculated, the minimum furnace for the plant 
will be: 

Grate area = 0.0042 X 132,370 = 556 sq in. 

Use 27 in. diameter grate. (Equation 10.) 

If provision should be made for certain outside air circulation, then 
increase the building heat loss by, say, 25 per cent and obtain by Equation 
10 a 30 in. grate. 

Experiments at the University of Illinois® have shown that the capacity 
of a furnace may be increased nearly three times by an adequate fan, 
with a constant register or delivery temperature maintained, provided 
that the rate of fuel consumption can he increased to provide the necessary 
heat In other words, the capacity of a forced circulation system is limited 
by the ability of the chimney to produce a sufficient drafts and the ability 
of the fan to deliver an adequate amount of air. 


"Plans used with permission. Bathroom on third floor not heated, 
q^oc. Cit. Note 3. 

"University of Illinois, Engineering Experiment Station Bulletin No. 120, p. 129. 
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Table 1. Summary of Data Applied to Warm Air Research Residence 


Rooms 

From 
Chapter 6 
Estimating 
Heat Losses 
Btu 

Heat Losses 
H 

Leader 

Area 

Sq In. 

stack Area 
Sq In. 

0.7 X LA 

Leader 

Diameter 

Inches 

Stack 

Size 

Net 

Register 

Size 

Gross 

First Floor 


= 0.009iT 





T.iving^ 

17250 

155 


14 


14 X 16 

Dining- 

6810 

61 


9 


8 X 12 

Breakfast 

2300 

21 


8 


8 X 10 

Kitchen 

9210 

83 



11 or 12 


12 X 14 

Sun 

25710 

230 


Two 12 


Two 12 X 14 

Hall and stair 

12570 

113 


12 


12 X 14 

Second Floor 


= 0.006H 





Owner’s 

15030 

90 

63 

11 or 12 

5 X 12 

12 X 14 

S. W. Bed-. 

9800 

59 

41 

9 

3MX 12 

8 X 12 

Bath 

2450 

15 

10 

8 

3 X 10 

8 X 10 

N. Bed 

14800 

89 

62 

11 or 12 

5 X 12 

12 X 14 

Third Floor 


= 0.00521 





E. Bed 

8220 

41 

29 

8 

3 X 10 

8 X 10 

W. Bed 

8220 

41 

29 

8 

3 X 10 

8 X 10 


BOOSTER FANS 

Booster fans often may be arranged to operate when gas or oil burners 
are running and to stop automatically when the burners shut down. The 
booster equipment is most effective in increasing output at low operating 
temperatures. According to tests, efficiencies may be advanced from 60 
per cent for gravity to 70 per cent with boosters at low operating tem- 
peratures, but at high operating temperatures gravity and booster 
efficiencies are almost identical®. 


•University of Illinois, Engineering Experiment Station Bulletin No. 141 p. 79, and No. 246. 
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MECHANICAL WARM AIR FURNACE SYSTEMS 

Furnaces^ Fans and Motors^ Sound Control^ Sprays and Filters^ 

Air Distribution Design, Automatic Controls, Design of Heat- 
ing System, Selecting the Furnace, Selecting the Fan, Heavy 
Duty Fan Furnaces, Humidification, Cooling Methods, Cooling 
System Design 


M echanical warm air or fan furnace heating systems^ which are a 
special type of central fan systems, are particularly adapted to 
residences, small office buildings, stores, banks, schools, and churches. 
Circulation of air is effected by motor-driven fans instead of by the 
difference in weight between the heated air leaving the top of the casing 
and the cooled air entering its bottom, as in gravity systems described in 
Chapter 19. The advantages of mechanical systems, as compared with 
gravity systems are: 

1. The furnace can be installed in a comer of the basement, leaving more basement 
room available for other purposes. 

2. Basement distribution piping can be made smaller and can be so installed as to 
give full head room in all parts of the average basement, or be completely concealed 
from view except in the furnace room. 

3. Circulation of air is positive, and in a properly designed system can be balanced in 
such a way as to give a greater uniformity of temperature distribution. 

4. Humidity control is more readily attained. 

5. The air may be cleaned by sprays or jSlters, or both. 

6. The fan and duct equipment may be utilized for a complete cooling and dehumidi- 
fying system for summer, usin§ either ice, mechanical refrigeration, or low temperature 
water for cooling and dehumidif 5 dng, or adsorbers for dehumidifying. 

7. The use of the fan increases the volume of air which can be handled, thereby 
increasing the rate of heat extraction from a given amount of heating surface and 
insuring sufficient air volume to obtain proper distribution in a large room. 

Much of the equipment used in central fan systems is the subject matter 
of other chapters. It is the purpose of this chapter to discuss the co- 
ordinated design and to deal in detail only with problems not covered 
elsewhere which refer particularly to the whole problem of fan warm air 
furnace heating and air conditioning. 


iSee University of Illinois Engineering Experiment Station BtUletin No. 266 by A. P. Kratz and S. Konzo 
for details of tests conducted in Warm Air Research Residence. 

Complete specifications for the furnace unit and the installed duct system are shown in The Yardstick 
for the Evaluation of a Forced Warm Air Heating System, obtainable from the National Warm Air Heating 
and Air Conditioning Association, 145 Public Square, Clevdand, Ohio. 
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FURNACES 

Furnaces for mechanical warm air systems may be made of cast-iron, 
steel, or alloy. Cast-iron furnaces are usually made in sections and must 
be assembled and cemented or bolted together on the job. Steel furnaces 
are made with welded or riveted seams. The proper design of the furnace 
depends largely on the kind of fuel to be burned. Accordingly, various 
manufacturers are making special units for coal, oil and gas. Each type 
of fuel requires a distinct type of furnace for highest efficiency and econ- 
omy, substantially as follows: 

1. Coal Burning: 

a. Bituminous — Large combustion space with easily accessible secondary radiator 
or flue travel. 

h. Anthracite or coke — Large fire box capacity and liberal secondary heating 
surfaces. 

2. Oil Burning: 

a. Liberal combustion space. 

h. Long fire travel and extensive heating surface. 

3. Gas Burning: 

o. Extensive heating surface. 

h. Close contact between flame and heating surface. 

A combustion rate of from 6 to 8 lb of coal per square foot of grate per 
hour is recommended for residential heaters. A higher combustion rate is 
permissible with larger furnaces for buildings other than residences, 
depending upon the ratio of grate surface to heating surface, firing period, 
and available draft. 

Where oil fuel is used, care must be exercised in selecting the proper size 
and type of burner for the particular size and type of furnace used. It is 
recommended that the system be designed for blow-through installations, 
so that the furnace shall be under external pressure in order to minimize 
the possibility of leakage of the products of combustion into the air 
circulating system. 

In residential furnaces for coal burning, the ratio of heating surface to 
grate area will average about 20 to 1 ; in commercial sizes it may run as 
high as 50 to 1, depending on fuel and draft. Furnaces may be installed 
singly, each furnace with its own fan, or in batteries of any number of 
furnaces, using one or more fans. 

Furnace Casings 

Casings are usually constructed of galvanized iron, 26-gage or heavier, 
but they may also be constructed of brick. Galvanized iron casings should 
be lined with sheet iron liners, extending from the grate level to the top of 
the furnace and spaced from 1 in. to 1 in. from the outer casing. Casings 
for commercial or heavy duty furnaces, if built of galvanized iron, should 
be insulated with fireproof insulating material at least 2 in. thick. It is 
generally believed that either brick or sheet metal casing should be 
equipped with baffles to secure impingement of the air to be heated 
against the heating surfaces. Brick furnace casings should be supplied 
with access doors for inspection. 

For furnace casings sized for gravity flow of air, where a fan is to be 
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used, some form of baffling must be employed if the desired results are 
to be expected. Many manufacturers recommend the use of special 
baffles to restrict the free area within the casing and to force impingement 
of the air against the heating surfaces. A method for making these 
baffles for furnaces with top horseshoe radiators and for furnaces with 
back crescent radiators is illustrated in Fig. 1. 

Either square or round casings may be used. Where square casings are 



Fig. 1. Usual Method of Baffling Round Casings for Fan Furnace Work 

A, Liner, 1 in. from casing. B. Hole to vent baffle. 

C. Baffle, closed top and bottom. D, Outer casing 



A . Baffle, closed top and bottom. B. Liner, 1 in. from 
casing. C. Outer casing. D. Hole to vent baffle. 


used, the corners must be baffled to reduce the net free area and to force 
impingement of air against the heating surfaces. Fig. 2 shows a satis- 
factory method of baffling square furnace casings for fan furnace work. 

The hood or bonnet of the casing above the furnace should be as high 
as basement conditions will allow, to form a plenum chamber over the top 
of the furnace. This tends to equalize the pressure and temperature of the 
air leaving the bonnet through the various openings. It is generally con- 
sidered advisable to take off 5ie warm air pipes from the side of the bonnet 
near the top, as this method of take-off allows the use of a higher bonnet 
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and thus provides a larger plenum chamber. Fig. 3 illustrates a complete 
residence fan furnace installation showing location of fan, furnace, filters, 
plenum chamber and method of take-off of warm air pipe. 

FANS AND MOTORS 

Centrifugal type fans are most commonly used, and these may be 
equipped with either backward or forward curved blades. Motors may 
be mounted on the fan shaft or outside of the fan with belt connection. 
Multi-speed motors or pulleys are desirable to provide a factor of safety 
and to allow for increased air circulation. For additional information 
on fans and motors, see Chapters 30 and 36. 



FOR SPRINWJNG OR WSTE 

Fig. 3. Complete Residence Fan Furnace Installation for 
Winter Heating and Summer Cooling 

SOUND CONTROL 

Special attention should be given to the problem of noise elimination. 
The fan housing should not be directly connected with metal, either to the 
furnace casing or to the return air piping. It is common practice to use 
canvas strips in making these connections. Motors and their mountings 
must be carefully selected for quiet operation. Electrical conduit and 
water piping must not be fastened to, nor make contact with fan housing. 
The installation of a fan directly under a cold air grille is not recommended 
on account of the noise objection. (See also Chapter 33.) 

FILTERS 

There are many satisfactory types of filters on the market. These 
include dry filters, viscous filters, oil filters and other types, some of which 
must be cleaned, some of which must be cleaned and recharged with oil, 
and some of which are inexpensive and may be discarded when they 
become dirty, and replaced with new ones. 
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The resistance of a filter must be considered in the design of the system 
since the resistance rises rapidly as the filter becomes dirty, thus im- 
pairing the heating efficiency of the furnace, in fact, endangering the life 
of the furnace itself. Manufacturers’ ratings of filters must be carefully 
regarded, and ample filter area must be provided. Filters must be 
replaced or cleaned when dirty. (See also Chapter 29.) 

AIR DISTRIBUTION 

The conditions of comfort obtained in a room are greatly influenced 
by the type of register used and the locations of the supply* registers and 
return grilles. In general it has been found that changes in the type, air 
velocity, and location of the supply register affect the room conditions 
much more than the changes in the location of the return grilles. Due to 
the economic considerations involved, it is common practice to locate the 
supply openings on the inside walls of a residence and the return openings 
nearest the greatest outside exposure. Many designers prefer, however, 
to locate the supply registers so that the warm air from the registers 
blankets a cold wall, and mixes with the cold air dropping off from the 
exposed walls. This may be accomplished by the use of a supply register 
placed close to an outside wall in such a position that the warm air sweeps 
the cold wall surface. The ducts leading to supply registers which are 
located on exposed walls should be adequately insulated to reduce the 
heat loss from the ducts. 

Register and Grille Openings 

Supply registers located in the floor are effective, but as they require 
frequent attention to keep them clean they should be avoided where 
another effective register location can be found. Tests conducted in the 
Warm Air Research Residence^ have indicated that excellent results are 
obtainable with either high side wall or baseboard registers, providing 
a reasonable amount of precaution is employed. Baseboard registers 
should be of a deflecting-diffuser type which throws the air downward 
toward the floor and diffuses it at the same time. Register air tempera- 
tures under 125 F and air velocities over 600 fpm should be avoided as 
they may cause drafts. 

High side wall registers must be of such type that the air is delivered 
horizontally or in a slightly downward direction, and must be so located 
as to avoid impingement of air on ceiling or wall. Directional flow 
diffusing type should be used to insure best results. Register air velocities 
should be such that the air stream carries to the opposite exposure. 
Velocities under 500 fpm are not recommended. Register air tempera- 
tures under 125 F are not objectionable. In fact, when cooling is desired, 
better air distribution is obtained with high side wall registers. 

Unless registers, regardless of their location, are well proportioned and 
designed as well as decorated to harmonize with the trim, they may 
be unsightly. All registers should be equipped with dampers and must 
be sealed against leakage around the borders or margins. 


>Loc. Cit. Note 1. 


383 




HEATING VENTILATING AIR CONDITIONING GUIDE 1942 


Velocities through registers may be reduced by the use of registers 
larger than the connecting pipes. Some suggestions for equalizing veloci- 
ties over the face area of the register by means of diffusers are illustrated 
in Fig. 4. Merely to use a larger register may not result in materially 
reduced velocities unless diffusers are used. 



Fig. 4. Diffusers in Transition Fittings to Equalize Velocities 
THROUGH Register Faces 


Dampers 

Suitable dampers are essential to any trunk or individual duct system, 
as it is virtually impossible to so lay out a system that it will be absolutely 
in balance without the use of dampers. Special care must be used in the 
design of any system to avoid turbulence and to minimize resistance. 
Sharp elbows, angles, and offsets should be avoided. (See chart giving 
loss of pressure in elbows, Chapter 32.) 



Fig. 5. Three Types of Dampers Commonly Used for Trunk and Individual 

Duct Systems 


Three types of dampers are commonly used in trunk and individual 
duct systems. Volume dampers are used to completely cut off or reduce 
the flow through pipes. (See A and 3, Fig. 5.) Splitter dampers are used 
where a branch is taken off from a main trunk. (See C, Fig. 5.) Squeeze 
dampers are used for adjusting the volume of air flow and resistance 
through a given duct. (See D, Fig. 6.) It is essential that a damper be 
provided for each main or duct branch. A positive locking device should 
be used with each type of damper. 
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Ducts 

The ducts may be either round or rectangular. The radii of elbows 
should be not less than one and one-half times the pipe diameter for 
round pipes, or the equivalent round pipe size in the case of rectangular 
ducts. 


AUTOMATIC CONTROLS 

Air stratification, high bonnet temperatures, excessive flue gas tem- 
peratures, and heat overrun or lag in a properly designed system can be 
largely eliminated through proper care in the planning and installation 
of the control system®. The essential requirements of the control are: 

1. To keep the fire burning when using solid fuel regardless of the weather, 

2. To avoid excessive bonnet temperatures with resultant radiant heat losses into the 
basement. 

3. To avoid the overheating of certain rooms through gravity action during off 
periods of blower operation, 

4. To have a sufficient supply of heat available at all times to avoid lag when the 
room thermostat calls for heat. 

5. To prevent cold air delivery when heat supply is insufficient. 

6. To avoid heat loss through the chimney by keeping stack temperatures low. 

7. To provide quick response to the thermostat, with protection against overrun. 

8. To provide for humidity control. 

9. To provide a means of summer control of cooling. 

10. To protect against fire hazards. 

The following controls are desirable: 

1. A thermostat located at a point where maximum fluctuation in temperature can be 
expected, in order to secure frequent operation of fans, drafts, and burners. This location 
would be near an outside wall but not upon it, in a sun room, or in a room with some 
unusual exposure. The thermostat, of course, should not be located where it will be 
affected by direct radiant heat from the sun or from a fireplace, or by direct heat from 
any warm air duct or register. 

2. A thermostatic blower switch located in the bonnet to permit blower operation only 
between the temperatures of 100 F and 150 F. In certain extreme cases it may be 
necessary, or weather conditions may make it advisable, to adjust the high limit to a 
higher temperature than that given. Another location sometimes used for the blower 
switch is in the main duct near the frame opening from the bonnet. 

3. A protective limit control located in the bonnet to shut down the system inde- 
pendently of the thermostat if the bonnet temperature exceeds 200 F. 

4. On oil and gas burner installations, a control should be included which will shut 
down the system if the fire goes out or if there is a failure of the ignition system. 

5. A humidistat to regulate the moisture supplied to the rooms. 

6. On automatic stoker installations, a control is usually included which will start 
the operation regardless of thermostat settings whenever the bonnet temperature 
indicates that the fire is dying, or a time interval contactor is used that will start the 
stoker to run a predetermined length of time at predetermined intervals. 

METHOD OF DESIGNING FORCED-AIR HEATING SYSTEMS 

1. Determine heat loss from each room in Btu per hour. (See Chapter 6.) 

2. Locate warm air registers and return registers on plans of house, beginning with 
the upper story rooms. 


^Automatic Controls for Forced-Air Heating Systems, by S. Konao and A. F. Hubbard (A.S.H.V.E. 
Transactions, Vol. 40, 1934, p. 37). 
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3. Sketch in duct layout to connect all registers and grilles with the central unit. 

4. Determine equivalent length of duct for each register, allowing 10 diameters of 
straight pipe as equivalent to each 90 deg elbow having an inner radius not less than the 
diameter of the round pipe or the depth of the rectangular pipe. 

5. Select a value for temperature of the air at the furnace bonnet. It is customary 
to use some value lying between 150 to 165 F. Use lower value if larger number of air 
recirculations is desired. It is recommended that the number of air recirculations should 
be in excess of 5 per hour. 

6. Determine approximate value of temperature reduction in each duct caused by 
heat loss from the ducts. A value of from 0.3 to 0.6 F per foot of duct has been obtained 
from tests conducted in the Research Residence installation for uninsulated duct lengths 
up to approximately 60 ft. 

7. Subtract this temperature reduction from the assumed bonnet air temperature 
to obtain an approximate value of the register air temperature for each register. 

8. Determine the required air volume for each room from the following equation, 
or from the values listed in Table 1 : 

^ “ 60 X 0.24 Xd (it - 65) 

where 

Q — required air volume, cubic feet per minute. 

H = heat loss of room, Btu per hour. 

d — density of air at register temperature, pounds per cubic foot. 

tr = register temperature, degrees Fahrenheit. 

0.24 = specific heat of air. 

65 = return air temperature. 


For any given register temperature the solution of this equation simplifies to the 
following form: 


Q == JT X Factor 


( 2 ) 


in which the values of the Factor may be obtained from Table 1. 


9. Determine register size from the air volume delivered to each room by the 
following formula: 


Free area of register, square feet — 


(3) 


Gross area of register, square feet = — (4) 

K 

where 

Q = required air volume, cubic feet per minute. 

V — velocity at register face, feet per minute. 

R = ratio of free area to gross area of register. 


Table 1. Factors Corresponding to Register Temperature for Equation 2 


Rbgistzr Tempseiturb 

Factor 

110 

0.0221 

120 

0.0184 

130 

0.0158 

140 

0.0140 

150 

0.0125 

160 

0.0114 

170 

0.0105 
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Allowable register velocities to be used in Equation 3 are approximately as follows; 

Baseboard, non-deflecting type, maximum = 300 fpm. 

Baseboard, deflecting toward floor, maximum = 500 fpm. 

Baseboard, deflecting and diffusing =* up to 800 fpm. 

High side wall = not less than 500 fpm. 

10. Duct systems for forced-air installations may consist of either trunk systems or 
individual duct systems. 

Trunk Systems.^ Determine duct sizes and friction losses as outlined in Chapter 32, 
except that for residence applications the velocities in the main duct and in the various 
parts of the system should approximate the values recommended in Table 2. 

Individual Duct Systems. An individual duct system is one having separate ducts 
extending from the heating unit to each register. In designing such a system select first 
the duct having the gr^test equivalent length. Select a reasonable velocity using Table 
2 as a guide. From friction chart in Chapter 32 determine unit friction loss per 100 ft of 
run, and from this the total friction loss in the duct selected. If this total friction loss 
exceeds a reasonable value a lower velocity should be used. 

The remaining ducts are proportioned so that the total pressure in each duct is the 
same as that calculated^ for the longest duct. The added resistance necessary in the 
shorter ducts is acconiplished by increasing the velocity in these ducts. No duct should 
be less than 6 in in diameter, nor should the velocity in any duct exceed approximately 
1200 fpm. The final adjustment in a duct system may be made by employing dampers. 

Table 2. Recommended Velocities through Ducts and Registers 


DuscRipnoN 

Low Velocitt 
System 
(fpm) 

Medium Velocitt 
System 
(ppm) 

High Veloctty 
System 
(fpm) 

Main Hurts 


750 

1000 

Branch Hiir±s 

450 

600 

750 

Wall Starks __ 

350 

500 

600 

Baseboard registers (max.) 

300 

350 1 

400 

Wall registers above 5 ft (min.) 

500 

550 

600 



Instead of proportioning the ducts as outlined in the preceding paragraph it is more 
usual in practice to proportion all the ducts so that they have the same velocity as that 
used in the longest duct and to balance the system by employing dampers in the shorter 
ducts. 

Return duct systems are designed making use of the same principles as those used in 
the design of supply duct systems. In this case the design may be based on the volume 
of air corresponding to the density of air existing in the return ducts, or in order to provide 
a factor for air leakage, it may be based on the same volume as used for the supply ducts. 

11. Determine frictional resistance in: 

a. Supply side of system as outlined in Item 10. 

h. Return side of system as outlined in Item 10. 

c. Furnace units, casing or hood, which is usually considered as equivalent to 0.03 
to 0.10 in. of water. 

d. Accessories such as washers or air filters, from manufacturer's data. 

e. Inlet and outlet registers and grilles, from manufacturer’s data. 

/. Other accessory equipment such as cooling coils, from manufacturer’s data. 

Choose a fan which, according to its manufacturer’s rating, is capable of delivering a 
volume of air, expressed in cubic feet per minute, against a frictional resistance, expressed 
in inches of water, computed by adding together the items listed in the preceding discus- 
sion. In practice it is recommended that liberal allowances should be made so that the 
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fan will be capable of delivering air against pressures that may not have been foreseen 
during the design of the duct system. 

12. Select a furnace capable of delivering heat at the register outlets equal to the 
total heat loss of the structure to be heated. 

The following formula may be used for coal burning furnaces: 


f X p X El X E 2 II -h 0.02 (R - 20)] 


where 


G — required grate area, square feet. 

H = total heat loss from building, Btu per hour. 

/ = calorific value of coal, Btu per pound. 

p = combustion rate in pounds of fuel per square foot of grate per hour. 

El = furnace efficiency based on heat available at bonnet. 

£2 = efficiency of transmission based on ratio of heat delivered at register to heat 
available at bonnet. 

R = ratio of heating surface to grate area. 

In practice it is customary to use the following constants: 

/ — 12,000 (for specific values, see Table 5, Chapter 8). 
p = 7.5 lb. 

£1 = 0.65 lower efficiency must be used with highly volatile solid fuel. 

£2 * 0.85. 

The foregoing procedure for determining the size of the furnace to be used applies 
to continuously heated buildings. 

13. Although intermittently heated buildings usually have their heat losses computed 
according to the standard rules for determining such losses, these rules do not take into 
account the heat which will be absorbed by the cold material of the building after the air 
is raised in temperature. This heat absorption must be added to the normal heat loss of 
the building to determine the load which the heating plant must carry through the 
warming-up process. It is customary to increase the normal heat loss figure by from 50 
to 150 per cent depending upon the beat capacity of the construction material, the higher 
percentage applying to materials of high heat capacity such as concrete and brick. Fan 
furnace systems are well adapted for heating intermittently heated buildings as these 
systems do not require the warming of intermediate piping, radiators, or convectors, the 
generation of steam, or the heating of hot water. 

14. Follow the same methods for an oil furnace as for coal where a conversion unit is 
to be used, making sure that the ratio of heating surface to grate area exceeds 20 to 1. 
If it does not, a size larger furnace should be selected. Use the manufacturer's Btu 
ratings of furnaces designed for exclusive use with oil, and select a burner with liberal 
excess capacity. 

15. The selection of the proper size gas furnace for a constantly heated building can 
be easily made by using the following American Gas Association formula: 


where 

H = total heat loss from building, Btu per hour. 

R — official A.G.A. output rating of the furnace, Btu per hour. 

In the case of converted warm air furnaces a slightly different procedure is necessary, 
as the Btu input to the conversion burner must be selected rather than the furnace out- 
put. The proper sizing may be done by means of the following formula: 

/ = 1.59 H 


( 7 ) 
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where 

I = Btu per hour input. 

^ The factor 1.59 is the multiplier necessary to care for a 10 per cent heat loss in the 
distributing ducts and an efficiency of 70 per cent in the conversion burner. 

16. Specify location and type of all dampers in both supply air and return air sides 
of system. Specify controls including location of all thermostats. Arrange for proper 
control of humidifying equipment. 

HEAVY DUTY FAN FURNACES 

Fan furnaces for large commercial and industrial buildings are available 
in sizes ranging from 400,000 to 3,000,000 Btu per hour per unit. Heavy 
duty heaters may be arranged in combinations of one or more units in a 
battery. One typical arrangement is shown in Fig. 6. 

Most manufacturers of heavy duty furnaces rate their furnaces in Btu 
per hour and also in the number of square feet of heating surface. Con- 



Fig. 6. Heater Arranged for Use of Air Washer or Filter 
(A) WITH Heated Air to Mix with Outside Air for Tem- 
pering, SHOWING Mixing Damper from Warm Air and 
Tempered Air and Exhaust to Atmosphere 

servative practice indicates that at no time in the heating-up period 
should the furnace surface be required to emit more than an average of 
3500 Btu per square foot. A higher rate of heat emission tends to increase 
the heat loss up the chimney, and raise fuel consumption, to shorten the 
life of the furnace, and to overheat the air. The ratio of heating surface 
to grate area on furnaces for this type of work should never be less than 
30 to 1 and as indicated previously may run as high as 50 to 1. 

Control of temperature is secured through (1) controlling the quantity 
of heated air entering the room, (2) using mixing dampers, or (3) regu- 
lating the fuel supply. 

The design of heavy duty fan furnace heating systems is in many 
respects similar to that of the central fan heating systeins described in 
Chapter 21. Ducts are designed by the method outlined in Chapter 32. 

HUMIDIFICATION 

Mechanical warm air systems offer a means of proportioning and 
distributing moisture-bearing air; consequently, during the winter months 
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humidifiers may be employed to deliver water vapor to the fan-driven air 
stream in proper amounts to produce a more humid atmosphere, with 
increased comfort for people and increased life for household furnishings. 
Temperatures and relative humidities should be governed within the 
limits of the generally accepted standards. See Chapters 2 and 27 for 
more detailed information on this point. 

In earlier types of furnaces, water evaporating pans were usually placed 
in the cool portions of the air stream, but modern types usually locate 
them in air which has been heated by contact with the heating surfaces. 
To change water into vapor capable of being carried in an air stream as 
part of the mixture, about 1000 Btu per pound are required. Without 
the addition of this heat, termed the latent heat of evaporation, water 
injected into the air will be carried along in the form of tiny globules until 
it falls out of the stream or is deposited upon some surface. Furthermore, 
when dry air is in contact with water for a sufficient length of time without 
the presence of a sizable body of water or a source other than air from 
which this latent heat of evaporation can be taken, such heat is supplied 
from the air. There is, therefore, a trend in present practice toward 
heating the water in addition to heating the air. Equipment for doing 
this may make use of sprays, or it may take the form of water circulating 
coils placed within the combustion chamber and connected by pipes to 
the humidifier pans where a constant water level is maintained by some 
separate float device. (See Chapter 27.) 

Sprays for residence systems may be provided in separate housings 
to be installed on the inlet or outlet side of the fan, or they may be 
integral with the fan construction. They operate at water pressures of 
from 10 to 30 lb and use two or more spray nozzles for washing and 
humidification. The sprays should be adjusted to completely cover the 
air passages. 

Sprays are usually controlled by solenoid valves wired in parallel with 
the fan motor. The water supply may, in turn, be controlled by a 
humidity-controlling device located in one of the living rooms, so that the 
washer will operate at all times when the fan is in operation, unless the 
relative humidity should rise beyond a desirable percentage. Sprays 
used in connection with commercial or heavy duty plants should be a 
regulation type of commercial spray. 

Residence Requirements 

The principles underlying humidity requirements and limitations for 
residences are summarized in University of Illinois Bulletin No. 230^, as 
follows: 

_ 1.^ Optimum comfort is the most tangible criterion for determining the air conditions 
within a residence. 

2. ^ effective temperature of 65^ deg® represents the optimum comfort for the 
majority of people. Under the conditions in the average residence a dry-bulb tempera- 
ture of 69.5 F with relative humidity of 40 per cent is the most practical for the attain- 
ment of 65 deg effective temperature. 


^See Humidification for Residences, by A. P, Kratz (University of niinois, Bidlettn No. 230). 

»66 deg w the optimum ^nter effective temperature recommended by the A.S.H.V.E. Committee on 
Ventilation Standards. 
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3. Evaporation requirements to maintain a relative humidity of 40 per cent in zero 
weather depend on the amount of air inleakage to the average residence, and vary from 
practically nothing to 24 gal of water per 24 hours. 

^ 4. Relative humidity of 40 per cent indoors cannot be maintained in rigorous climates 
without excessive condensation on the windows unless tight-fitting storm sash or the 
equivalent is installed. 

5. The problems of humidity requirements and limitations cannot be separated from 
condensations of good building construction, and the latter should receive serious 
attention in the installation of humidifying apparatus. 

The following conclusions were drawn from the experimental results 
reported in the aforementioned bulletin : 

1. None of the types of gravity warm air furnace water pans tested proved adequate 
to evaporate sufficient water to maintain 40 per cent relative humidity in the Research 
Residence except only in moderately cold weather. 

2. The water pans used in the radiator shields tested did not prove adequate to 
maintain 40 per cent relative humidity in a residence similar to the Research Residence 
when the outdoor temperature approximated zero degrees Fahrenheit. 


COOLING METHODS 

A slight cooling effect may be obtained under certain conditions by the 
use of basement air. A more positive cooling efifect may be obtained 
through air washers where the temperature of the water is sufficiently 
low (55 F or lower), and where a sufficient volume of water can be pro- 
vided. Unless the temperature of the leaving water is below the dew- 
point temperature of the indoor air at the time the washer is started, both 
the relative and absolute humidities will be somewhat increased. 

Coils of copper finned tubing through which cold water is pumped are 
available for cooling. They require less space than air washers and have 
the advantage that no moisture is added to the air when the temperature 
of the water rises above the dew-point. Ample coil surface is necessary 
with this type of cooling. 

It is thoroughly feasible to use ice or mechanical refrigeration in con- 
nection with die fan and duct system for the heating installation, and to 
cool the building by this method, provided the building is reasonably well 
constructed and insulated. Windows and doors should be tight, and 
awnings should be supplied on the sunny side of the building. (See also 
Chapters 21 and 24.) 

Results at Research Residence 

The following conclusions may be drawn from the studies thus far 
completed in the Research Residence, subject to the limitations of the 
conditions under which the tests were run®: 

1. An uninsulated building of ordinary residential type may require the equivalent of 
three tons of ice in 24 hours on days when the maximum outdoor temperature reaches 
100 F if an effective temperature of approximately 72 deg is maintained indoors. 

2. The use of awnings at all windows in east, south, and west exposures may result in 
savings of from 20 to 30 per cent in the required cooling load. 


•A.S.H.V.E. Research Report No. 947 — Study of Summer Cooling in the Research Residence at the 
University of Illinois, by A. P. Kratz and S. Konzo (A.S.H.V.E. Transactions, Vol. 39, 1933, p. 95). 
A,S.H.V.E. Research Report No. 979 — Study of Summer CooKng in the Research Residence for the 
Summer of 1933, by A. P. Kratz and S. Konzo (A.S.H.V.E. Transactions, Vol. 40, 1934, p. 167). 
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3. The cooling load per degree difference in temperature is not constant but increases 
as the outdoor temperature increases. 

4. The heat lag of the building complicates the estimation of the cooling load under 
any specified conditions and makes such estimates, based on the usual methods of 
computation, of doubtful value. 

5. The seasonal cooling requirements are extremely variable from year to year, and 
the ratio between the degree-hours of any two seasons occurring within a 10-year period 
may be as high as 7.5 to 1. Hence an average value of the degree-hours cooling per 
season is comparatively meaningless. 

6. The duct system in a forced-air heating installation can be successfully converted 
to a system for conveying cool air for the purpose of cooling the structure. No conden- 
sation of moisture was observed when the duct temperatures were not less than 65 F. 

7. Cooling by means of water at a temperature of 60 F is not satisfactory unless an 
indoor temperature of less than 80 F is maintained. 

8. In the selection of cooling coils, the frictional resistance of the coil to flow of air 
must be given careful consideration. 

9. Cooling the structure by introducing large quantities of air from outdoors at night 
tended to reduce the amount of cooling required on the following day and was a practical 
means of providing more comfortable conditions in those homes where cooling systems 
were not available. 

METHOD OF DESIGNING COOLING SYSTEM 

The general procedure for the design of a cooling system in a forced-air 
installation is as follows: 

1. Calculate heat gain for each room or space to be conditioned. (See Chapters 4 
and 7.) Allowance for addition of outside air must be included in this calculation. 

2. Select a temperature of air leaving supply inlets. In Research Residence tests^ 
a value of from 65 to 70 F was found satisfactory. 

3. Determine indoor conditions to be maintained. In Research Residence 80 F dry- 
bulb and 45 per cent relative humidity were found satisfactory. 

4. Determine the quantity of air to be introduced into each room. (See Chapter 21.) 

5. Estimate heat loss in duct system between cooling unit and supply registers. 

6. Calculate the heat to be removed by the cooling unit, in the form of sensible heat 
and latent heat. 

7. Determine size of ducts in duct system and size of re^sters, as explained in this 
chapter under the heading of Method of Designing Forced-iUr Heating Systems. 

8. Determine pressure loss in duct system and select fan as also explained in the 
same section. 

9. Select cooling unit from manufacturer's data. Specify temperature and pressure 
of available cooling water, voltage and characteristics of electrical supply, and method 
of control of apparatus. 

10. Select cooling coils from manufacturer's data to take care of latent heat load and 
to give required drop in air temperature with the weight of air flowing. (See Chapter 26.) 

11. If system is to be used for both winter heating and summer cooling, duct sizes 
must be checked to insure that velocities and friction losses are reasonable for both 
conditions of operation. Adjustable dampers will be necessary to make changes in air 
distribution for the two seasons. Provision must also be made for changing fan speeds 
for summer and winter operation. 


»Loc. Cit. Note 6. 
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Chapter 21 


CENTRAL SYSTEMS FOR COMFORT 
AIR CONDITIONING 


Types of Systems for Ventilating, Heating, Air Conditioning, 
Factors Involved in Use and Design of Systems, Design Procedure 


T he purpose of this chapter is to present a discussion of types of 
central systems usually encountered, together with a discussion of 
the factors involved in use and design and an outline of design procedure. 

Insofar as this chapter is concerned, a central system is defined as a 
field assembled apparatus, comprising such elements of equipment as are 
necessary to fulfill the purpose for which it is designed, and serving one 
or more conditioned spaces. It may be argued with justification that a 
factory produced unit, including all the essential items of equipment can 
be employed as a central system. Unitary equipment is discussed in 
Chapter 23. Further, this chapter is confined to comfort air conditioning 
systems as such, and ventilating systems, warm air heating systems, 
together with central systems of a special nature, are excluded from the 
discussion. 

This chapter assumes a knowledge of all the component parts of a 
system and the reader is referred specifically to other chapters covering 
design conditions and physiological principles, cooling and heating load; 
spray equipment, heat transfer surface coils, cooling dehumidification and 
dehydration, fans, air cleaning devices, refrigeration, air distribution and 
air duct design, automatic controls and instruments. In addition, the 
engineer should refer to the Code of Minimum Requirements for Comfort 
Air Conditioning^ prepared by the joint committee of the American 
Society of Heating and Ventilating Engineers and the American 
Society of Refrigerating Engineers, and to national, state or local codes 
that may apply. 


CLASSIFICATION OF SYSTEMS 

The generally accepted method of classifying systems is with regard to 
Jieir function. A given type of system may be changed by the omission 
of certain of its functions or by the inclusion of others. As an example, a 
winter air conditioning system, by the omission of humidifying sprays, 
air cleaning devices, etc., will become a simple warm air heating system, 

iCode of Minimum Requirements for Comfort Air Conditioning (A.S.H.V.E. Transactions, Vol. 44, 
1938, p. 27) . Reprints of this code are available at $.10 a copy. 
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USE OF CENTRAL SYSTEMS 

Several factors must be considered in deciding on whether or not to use 
a central system and in deciding on the type of central system and 
modifications required. These factors are : 

1. Comparative effectiveness. 

2. Characteristics and requirements of the load. 

3. Space requirements. 

4. Initial cost, 

5. Operating costs and maintenance. 

The comparative effectiveness of the type of system and modification 
plays a major part in the choice and is to a large extent affected by the 
other factors. One great advantage provided by the central system lies 



pump 

Fig. 4. Central System with Zoning by Reheating 

in its ability to diffuse odors and smoke which may occur in parts of the 
system, so that the outside air is determined by the average instead of the 
sum of the peak requirements. However, caution must be used where 
odors are apt to be objectionable even if greatly diluted. In such cases a 
positive exhaust to the outdoors or a separate treatment for the particular 
locality is recommended. The averaging ability both as to odors and 
thermal effects of the system is one item to be considered in studying the 
comparative effectiveness, particularly where adequate zoning is to be 
provided. Full advantage of diversity and non-simultaneous peak load 
requirements can be taken in determining the dehumidified air quantity 
where adequate zoning is provided. 

The characteristics and requirements of the load frequently are the 
deciding factors. Wide, non-simultaneous variations in load between 
spaces or parts of the same space, indicate the necessity of zoning. Isolated 
spaces having a short time occupancy or brief load duration may be 
handled by units advantageously at times. The occurrence of simultaneous 
heating and cooling requirements in spaces having the same exposure or 
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on the same zone presents a problem to be studied. Ability to maintain 
conditions during the intermediate seasons without the use of refrigera- 
tion must be considered at all times, particularly in those applications 
where a high internal load exists. 

The matter of space requirements may rule out one type of system or 
another. The avoidance of the use of rentable and usable space for 
equipment and ductwork, in office buildings, stores, etc., is most im- 
portant since the loss of revenue is directly chargeable to the operating 
cost of the system. Consideration of the spaces available with respect 
to the type of system and method of distribution used and their effect on 
overall cost is essential. 

Initial cost is given first consideration all too frequently. While 
elaborately designed installations are seldom justifiable, proper con- 
sideration must be given to operating costs and maintenance, performance 
required, and the life of the system. The increase in cost incurred by 



suitable zoning can be offset partially by reduced quantities of dehumidi- 
fied air with smaller air handling apparatus, and partially by reduced 
refrigeration requirements. In the end it may prove less expensive than 
an unsatisfactory single zone system. A small increase in initial cost to 
provide better access to equipment, better airflow and distribution, and 
better zoning, usually will pay for itself. 

Operating costs often receive too little attention. Proper relationship 
between equipment selected and the load to be carried must be obtained. 
Cooling systems in general operate at maximum capacity less than 20 
per cent of the time and heating systems operate under design conditions 
but a few days in the year. Good partial load performance is essential for 
low operation costs. Proper zoning, good arrangement and selection of 
equipment and type of system all tend to reduce operation costs. Central 
systems having the bulk of equipment in a central location properly 
arranged, and having only the equipment required for zoning distributed 
through the conditioned space or spaces, will have relatively low main- 
tenance costs. Care must be used to provide ease of access to important 
equipment and those items requiring servicing. 
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DESIGN OF SYSTEMS 

Various factors are to be considered in the design of a central system, 
some of which have been touched upon in the foregoing as a modification 
or economic factor, while others are a part of the normal design procedure. 
These, in the order of usual occurrence are discussed herewith.^ For 
practical purposes these factors cover Year * Round Air Conditioning 
Systems, Those directly applicable to summer only or winter only sys- 
tems are to be viewed accordingly. 

Design Conditions 

Physiological principles and design conditions are covered in Chapter 2. 
A detailed study of these is beyond the scope of this chapter other than 
certain recommendations with regard to their application. 

Where extreme or unusual outdoor conditions prevail for long periods 
of time, such as in the tropics, at high altitudes, in regions of extremely 


Motor 



Reheating for Zoning 


low humidities, etc., due allowance must be made for the fact that the 
people have become acclimatized, to a certain degree at least, to these 
conditions and the inside conditions should be selected accordingly. 

A change in the inside conditions from a set standard sometimes is 
warranted from an economic standpoint. It is possible at times to make 
substantial savings in initial and operating costs by maintaining a lower 
temperature and higher humidity in the conditioned space while main- 
taining the same effective temperature. 

In winter, the matter of condensation on windows, walls, etc., is of 
extreme importance. Humidities low enough to avoid this should be 
maintained, and when it is necessary to carry the higher humidities, 
double glass should be used or suitable means of handling the condensa- 
tion should be provided. 

During intermediate seasons the use of refrigeration as a source of 
cooling may be undesirable from an operating cost standpoint depending 
on the local energy rate structure and demand charges. As a result the 
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use of outdoor air, either directly or indirectly, as a source of cooling will 
be required and the system may have to operate on an unusual basis 
with regard^ to the temperatures and humidities that can be maintained. 
This situation should be carefully investigated. As a rule, provision 
should be made for introducing all outdoor air into the system during 
intermediate seasons as described later. 

With regard to outside conditions it must be noted that where systems 
are to operate at certain hours of the day only, the outside conditions that 
occur during these times can be used providing that the cumulative effect 
or heat gain lag is taken into consideration in the estimate. 

Outdoor Air 

Standards affecting the quantity of outdoor air have been established 
in Chapter 2. These standards relate the minimum amount of outside 


Supply air Return air 



Fig. 7. Central System with Central Fan and Conditioner and with 
Individual Zone Fans 


air to be introduced into the conditioned space for both the number of 
occupants and the type of occupancy, i.e., people smoking, etc. This, of 
course, is the common-sense approach to the problem, but there are some 
cases, such as those spaces having a very low occupancy with regard to 
the cubical content where mustiness may develop unless a sufficient air 
change is provided. Where such a condition exists in a few spaces out of 
several which are being handled by a central system, the averaging ability 
of the central system may cope with the situation satisfactorily. This is 
due to the fact that the return air from the particular space is mixed 
thoroughly with the return air from all the other spaces, and all the out- 
side air supplied to all the other spaces. 

It should be noted that the minimum quantity of outdoor air is affected 
by infiltration and leakage. Infiltration will reduce the quantity to be 
introduced by the system while leakage may have to be offset by an 
increase in the quantity of outdoor air. 

399 





HEATING VENTILATING AIR CONDITIONING GUIDE 1942 


Most summer and year 'round air conditioning systems should be so 
designed and arranged that a quantity of outside air at least equal to the 
quantity of cooled or dehumidified air can be taken in when desired. In 
the intermediate seasons and in the cooling season it is more economical 
to take all outside air into the dehumidifier when the outdoor air wet- 
bulb temperature is lower than the inside wet-bulb temperature to be 
maintained. Also, where using a spray type dehumidifier or air washer, 
whenever the outdoor wet-bulb temperature is below the apparatus dew- 
point temperature required, the system can be operated on an evaporative 
cooling basis, dispensing with the need for refrigeration though cooling 
may be required. Automatic controls are available for accomplishing this 
and on reasonably large systems are justifiable from an economic stand- 
point. 



Fig. 8. Central System with Zoning by Volume Control 

Cooling Load 

The method of determining the cooling load for a conditioned space or 
spaces is outlined in Chapter 7. As pointed out therein, many of the items 
of heat gain are variable and do not reach their maximum values sim- 
ultaneously. Proper consideration of these peaks and the avoidance of 
pyramiding these peaks in the cooling load calculations is stressed. 
Maximum solar heat gain on an east exposure is seldom coincident with 
the maximum outdoor wet-bulb. 

A large difference in the incidence of the peaks between various spaces 
or parts of the same space indicates the necessity for zoning. In a building 
having an east and west exposure where solar heat gain forms a fair share 
of the cooling load, the times of their individual peaks are apt to be hours 
apart, and the peak load of one plus the off peak load of the other will be 
substantially less than their combined peak loads. Proper zoning will 
permit taking full advantage of this condition or similar conditions of 
non-simultaneous peaks and will result in a lower total load, reflecting 
itself in savings in equipment. 
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A factor, similar in effect and closely related to the non-simultaneous 
occurrence of peak loads is diversity. Typical of this is the case of a 
large department store where the air handling equipment serving a certain 
space must be sufficient to handle the load created by the throngs of 
people attending sales in that space. Under such a condition the number 
of people in other spaces is usually normal or below. While this means 
that the air handling equipment for certain departments must be large 
enough to cope wdth the situation, the refrigeration equipment must be 
only large enough to handle the average maximum. If a system employ- 
ing zone recirculating fans and a single central fan and dehumidifier w’ere 
used, the saving would be reflected in the capacity of the central fan and 
dehumidifier. Another example of this diversity is found in an office 
building having restaurants and stores of certain types on the first floor 


Return air 



Fig. 9. Central System Using Dual Duct Method of Zoning 

and basement. At noon, when the restaurants and stores are crowded, 
the offices are below normal occupancy. 

Heat lag should be carefully considered in the cooling load calculations. 
In certain types of building construction the effect of solar radiation is 
still apparent hours after the sun has shifted from that exposure. In 
other types having a much lighter construction, the heat gain due to solar 
radiation decreases markedly with the passing of the sun. Some walls, 
having been warmed by the sun, may radiate heat long after the incidence 
of the sun, requiring lowerjinside temperatures to offset the radiant 
energy. 

Storage effect is usually present in some degree. Often it can be utilized 
to great advantage and it has more than once provided an unknown safety 
factor. If a space is kept below the design inside temperature for a period 
of time, the interior walls, floors, furniture and fixtures begin to assume 
the temperature of the space. If the period of time is sufficient, the entire 
mass may reach the room temperature, rather than just the skin or surface 
of the item. If the space has been precooled below the design maximum 
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temperature for a period of time prior to the advent of the peak load, 
when the heat gain begins to increase to peak conditions, some of the 
increase is used in raising the temperature of the furniture, fixtures, etc., 
to the design conditions and the cooling load can be reduced accordingly. 
However, unless very accurate data with regard to the mass, surface, 
specific heat, etc., of the items within the space are available, due caution 
must be used in discounting the cooling load for this storage effect. In 
the absence of reliable data it is often a matter of experience rather than 
calculation. 

Where air conditioning supply and return ducts pass through uncon- 
ditioned spaces there will be a transfer of heat from these spaces to the air 
in the ducts, even though these ducts are well insulated. An allowance 




Fig. 10. Induction Unit Fig. 11. Induction Unit 

(Low Pressure Type) (High Pressure Type) 


should be made for this heat gain and included in the heat estimate so 
that air can be supplied at a temperature low enough to offset the rise 
caused by this heat gain (see Chapter 43). There will also be some heat 
gain to the air in ducts passing through conditioned spaces, but since a 
cooling effect is produced in the space through which the duct passes, 
this is not a loss and usually can be compensated for by adjustment of 
air quantities between the various spaces. 

Heating Load 

Methods of calculating the heating load are shown in Chapter 6. 
Many of the factors outlined previously under Cooling Load, such as 
zoning, non-simultaneous peaks, and diversity, apply in the reverse 
manner due to the heating requirement instead of the cooling requirement. 
However, these factors enter into the heating load picture from a stand- 
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point of control of inside conditions, overall performance and economy 
of operation more than from a capacity of equipment standpoint. 

Where heating is concerned it is not only necessary to heat a building 
or space to its design conditions when there is but the merest fraction of 
normal occupancy, practically no lights, internal heat, or solar radiation, 
but it is also necessary to provide capacity to heat the building quickly 
after a shut-down such as when a sudden cold snap follows relatively 
warm weather, or after a week-end or holiday. However, in normal 
operation during week-ends and holidays, buildings are usually kept at a 
holding temperature to prevent the freezing of services and conserve fuel. 
In many cases it requires less fuel to keep a building or space at a tem- 
perature of 50 to 65 F for some time than to shut the system down and 
then bring the temperature up again. 


Apparatus Dew-point 


The term apparatus dew-point is commonly applied to the temperature 
of the air leaving the dehumidifier, or in the case of winter air conditioning 
systems, the humidifier. To a certain extent this is a misnomer since only 
in an apparatus having a saturating efficiency of 100 per cent is the dry- 
bulb temperature of the air leaving the dehumidifier equal to the dew- 
point temperature. This is seldom encountered in actual practice, and 
some commercial dehumidifiers may have a spread of 3 to 5 F between 
the dew-point and dry-bulb temperatures. Note that in winter, satura- 
tion of the air is usually undesirable for practical reasons. The determina- 
tion of the apparatus dew-point required for a system is one of the most 
important steps in the design of the system since the minimum air 
quantity that can be used on a given system is dependent on this. 

For summer cooling, in order to maintain a given temperature and 
humidity within a space, both latent and sensible heat gains must be absorbed 
by the air supplied to the space in the exact ratio in which these occur. This 
ratio may be expressed in a number of ways such as latent heat to sensible 
heat, latent heat to total heat, or sensible heat to total heat. The latter 
perhaps is the most common since it is a natural result of summarizing the 
heat gain estimate. This ratio is known as the sensible heat factor and is 
expressed in Equation 1 as: 


S.H.F. = 


Hsr 

Hsr + J^bI 


Hrt 


( 1 ) 


where 

Hsr = room sensible heat, Btu per hour. 

ifsl = room latent heat, Btu per hour. 

Hit = room total heat, Btu per hour. 

If the sensible heat of the room or space is to be absorbed as it occurs 
within the space in order to maintain a given temperature, then the 
relationship between the quantity of air supplied, temperature of air 
supplied, room temperature and room sensible heat gain must be: 

^ fe -k)dXcpX 60 
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where 

tx = room dry-bulb temperature, degrees Fahrenheit. 

/e = supply air temperature (or apparatus dew-point temperature), degrees 
Fahrenheit. 

Cp = specific heat of air (constant pressure). 
d = density of air, lb per cubic foot. 

Hsx = room sensible heat gain, Btu per hour. 

Q = quantity of supply air, cubic feet per minute. 


For standard air this Equation may be expressed: 


{tx — ^e) 1.08 


Similarly, if the room latent heat is to be absorbed by the supply air 
as it occurs within the space, then the relation between the supply air 
quantity, room air moisture content, supply air moisture content, and 
room latent heat content is as follows : 


^ ^ hr X 7000 

h-v 'K d (gx — ge) X 60 


where 

hr = room latent heat, Btu per hour. 

Av = heat of vaporization, Btu per pound. 
d = density of air, pounds per cubic foot. 
gx = room moisture content, grains per pound of dry air. 
ge — supply air moisture content, grains per pound of dry air. 


For standard air this equation becomes: 


If a dehumidifier is used that will produce a saturated condition of 
leaving air, then Equations 2 and 3 can be solved for Hsx and h\x and these 
substituted in Equation 1, resulting in Equation 4. 

S.H.F. = — ~ (4) 

(Zr - Ze) 

where 

Zx ^ heat content of room air, Btu per pound. 

Ze = heat content of supply air, Btu per pound. 

^r = room dry-bulb temperature, degrees Fahrenheit, 
ie = apparatus dew-point temperature, degrees Fahrenheit. 


From Equation 4, it will be noted that only one temperature of supply 
air can be used to maintain the design room conditions if the supply air 
is saturated. This equation involving two unknowns requires a cut and 
try solution or graphical solution in order to obtain the apparatus dew- 
point. Several types of charts have been prepared to present a simple 
graphical solution. One of the forms of this chart is shown in Fig. 12. 
In addition to this, a psychrometric chart in which the dry-bulb tem- 
perature (sensible heat) and moisture content (latent heat) are repre- 
sented by the abscissae and ordinates may be used since the slope of the 
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hypotenuse connecting the base of a triangle as represented by the tem- 
perature change, A- “■ 4 of the air supplied and the leg of the triangle as 
represented by the change in moisture content, gr — of the supply air 
is a measure of the sensible heat factor. Such a chart with the sensible 
heat factor lines is shown in Fig. 13. The determination of the apparatus 
dew-point with such a chart is simple. A line, parallel to the proper 
sensible heat factor line, is drawn from the room or space condition 
through the saturation line as indicated and the point of intersection is 
the apparatus dew-point. 



Fig. 12. Apparatus Dew-Point Chart 


All of the foregoing is based on a dehurnidifier that will produce a 
saturated condition of leaving air. As pointed out, this situation is 
infrequent due to the fact that in the majority of dehumidifiers some 
percentage of the air handled passes through the dehumidifier without 
coming in contact with the cooling surface or cooling medium. In the 
case where room air is recirculated through the dehumidifier or conditioner, 
the quantity of air that passes through without being contacted has no more 
effect on the heat balance than taking air from the room and reintroducing 
it to the room without treatment. On the other hand outdoor air that 
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is passed through the dehumidifier without being contacted by the 
surface or medium presents a definite sensible and latent cooling load 
which must be absorbed by the treated air. In accordance with these 
premises, when room air is bypassed or passed through the cooling surface or 
medium without being treated, then Equations 2 and 3 can be solved 
independently without a cut and try or graphical solution, if either the 
quantity of supply air has been established, or the temperature difference 
between the room and supply air temperature has been determined. 

If the load created by the uncontacted outside air which passes through 
the dehumidifier is added to sensible and latent heat gain of the space in 
their proper proportions and the sensible heat factor corrected accordingly, 
then Equations 2, 3 and 4 will still apply if they are modified as described 
later. 

Assuming that 20 per cent of the air handled by the dehumidifier passes 
through without contacting the cooling surface or medium, if this air is 
treated exactly as infiltration and the room sensible and latent heat gains 
increased accordingly, then Equations 2 and 3 may be modified to give : 

^ ^ 0.80 (tr -k) 1.08 


Q = 




0.80 fer - ^e) 0.67 


(3a> 


Equation 4 will remain as before if the untreated air load is apportioned 
as indicated previously. It should be noted that when evaluating the 
load added by untreated outdoor air that the temperature difference and 
moisture content difference between room and outdoor air are to be 
used and not the difference between outdoor air and apparatus dew-point 
since the rise from apparatus dew-point to room conditions is charged 
against the dehumidifier as the cooling and dehumidifying load. 

Where winter air conditioning is concerned, the determination of supply 
air temperature and supply air moisture content does not follow the exact 
procedure as outlined for summer cooling due to the reversal of require- 
ments and other factors. Because of the nature of the loads and their 
magnitude and the equipment involved, the sensible and latent losses may 
be handled as if they were entirely separate in their occurrence since the 
air quantity required by the sensible heat losses will exceed that required 
by the moisture losses when related to reasonable and practical supply air 
temperatures and moisture content. Room sensible heat losses, supply 
air quantity, and supply air temperature will have the relationship (based 
on standard air as for Equation 2) : 

^ (ie - h) 1.08 

where 

hs = room sensible- heat loss, Btu per hour, 

= supply air temperature, degrees Fahrenheit. 
tr = room temperature, degrees Fahrenheit. 


Similarly, room latent heat losses or moisture losses and supply air 
moisture content have the following relationship (based on standard air 
and saturated conditions of supply air, as for Equation 3) : 
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^ " 0.67 (ge - ^r) '''' tee " gr) 4.5 

where 

/jlr = room latent loss, Btu per hour. 
nix = room moisture loss, grains per hour, 
ge = moisture content of entering air, grains per hour. 
gx = moisture content of room air, grains per pound. 


As indicated for winter conditions the determination of the apparatus 
dew-point may resolve into a solution of Equation 3 following the solution 
of Equation 2. 

Since reheaters are normally rated on average leaving air temperatures 
with the uncontacted air temperature taken into account Equation 2a 
usually will not apply. 

METHOD 

With room sensible to total heat ratio 
as indicated by heat estimate, draw / 

line 0- 1 from origin through proper / 

sensible to total heat ratio on indicator / 

Then draw line A-A through design / Room condition 

room condition parallel to line 0-1. / 78 F D B 65 F W B 

Intersection of line A-A with saturabon / 50^6 R h 

line IS die apparatus dew-point / 71 3 gr/n. 



DRY-BULB TEMPERATURE. DEG FAHR 


Fig. 13. Use of Psychrometric Chart to Determine Apparatus Dew-Point 


If an air- washer or humidifying sprays do not saturate, Equation 3a 
will be modified as (assuming 20 per cent of the air is not contacted by 
the sprays) : 

^ ^ At ^ Wr 

^ 0.80 tee - gx) 0.67 0.80 tee “ gx) 4.5 

In winter, room humidities in excess of 30 per cent are seldom required 
and a low saturating efficiency may be desirable or even necessary where 
the full summer circulation air through the conditioner is maintained. With 
a spray type dehumidifier the main sprays may be shut off and an elimi- 
nator flooding pump provided which may give sufficient saturation. In 
other cases, such as where cooling coils are sprayed, the spray water may 
be throttled. 

If the saturating efficiency of the sprays is too low the spray water may 
be heated. The amount of heat put into the spray water by open or 
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closed water heaters will be equal to that required to bring the dew-point 
temperature of the air entering the sprays up to that required before 
entering the reheater. It is possible where clean steam is available, to 
introduce the steam directly into the air stream to produce the desired 
dew-point temperature of supply air. However, the steam must be 
exceptionally clean or objectionable odors will result. This precaution 
should be observed also where open water heaters or ejector water heaters 
are used. 

Insofar as determining the apparatus dew-point and leaving air con- 
ditions for cooling coils, and spray dehumidifiers is concerned, particularly 
where saturation is not obtained, there are several methods other than 
those previously outlined which are more or less satisfactory. This 
discussion represents one of the more simple and accurate methods. 
Other methods are shown in Chapter 24. 

Present day practice, for spray type dehumidifiers of good design, 
assumes that the air leaves the dehumidifier at 1 to 2 F higher than the 
temperature of the spray water leaving the dehumidifier. A spray 
dehumidifier having sufficient length of spray chamber and density of 
spray together with a proper arrangement of nozzles may closely approach 
absolute saturation. 

Air Quantity and Effective Temperature Difference 

The difference between the room air temperature and the supply air 
temperature at the outlet to the room is known as the effective temperature 
difference. In the theoretical case of a dehumidifier having a 100 per cent 
saturating efficiency and where this air is delivered directly to the room 
without temperature increases due to heat gain, then the effective tem- 
perature difference is the difference between room temperature and 
apparatus dew-point temperature. If duct heat gains are considered a 
part of the room load, this still holds true. The apparatus dew-point, as 
outlined previously, is fixed by the latent and sensible loads of the space, 
but in many cases, it is desirable to deliver more air to the spaces than is 
determined by the solution of Equations 2 and 3, with 4 or by the charts. 

It has been indicated that where a percentage of air is passed through the 
dehumidifier without being treated that the relationship was modified in 
direct proportion, and that if room air passed through untreated no effect 
on the heat balance resulted. Similarly, if room air is passed around the 
dehumidifier and mixed with the treated air the heat balance is not 
adversely affected. Therefore, if the quantity of air passed through the 
dehumidifier is determined by the usual methods, room air can be passed 
around the dehumidifier and mixed with the dehumidified air, increasing 
the supply air quantity and temperature and decreasing the effective 
temperature difference. Thus if a solution of Equations 2 and 3 in con- 
junction with Equation 4 indicates that 10,000 cfm at 30 F below room 
temperature will be required to hold conditions, that quantity can be 
passed through the dehumidifier and cooled to 30 F below the room, then 
mixed with 10,000 cfm of room air resulting in a supply air quantity of 
20,000 cfm and an effective temperature difference of 15 F instead of 30 F. 
Supply air outlets and grilles that have a high induction ratio (that is, a 
large amount of room air is mixed with the air leaving the outlet within 
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a short distance of the outlet through the induction effect of the air 
stream) are available as well as induction units. A proper selection of 
outlets or units may make it possible to introduce air at low temperatures 
and high velocities without causing objectionable drafts or cold spots, but 
care must be used to see that too little air motion is not a result. Lower 
effective temperature differences may be required for this reason. While 
the use of a high effective temperature difference results in a saving in 
initial cost of fans and ducts and in the operating cost of fans, this dif- 
ference should be carefully considered. If the sensible heat load of a 
space is subjected to substantial variations lower effective temperature 
differences should be considered, since systems employing a low effective 
temperature difference will be less exacting in control requirements. 

Considering a space having a sensible heat load such that with 10,000 
cfm of air supplied at a 30 F effective temperature difference is required 
to maintain a room temperature of 80 F ; and assuming that the load is 
suddenly reduced 50 per cent with the air supplied at the same tem- 
perature, the resultant room temperature would become 65 F. On the 
other hand, if 20,000 cfm were supplied at an effective temperature 
difference of 15 F and the load suddenly reduced 50 per cent the resultant 
room temperature would be 73.5 F. This, while a rather extreme example, 
indicates the less exacting demand on the controls brought about by the 
use of the lower effective temperature difference. Of even greater impor- 
tance is the case where two or more spaces are controlled from an average 
condition such as by a thermostat located in the return air stream of all 
the spaces. From the previous example, it can be seen that a large 
variation in the load in one of the spaces will not reflect itself in such a 
large change in room temperature. Thus in the long run the larger 
effective temperature difference may not be the most economical. 

The analysis in the foregoing applies largely to summer air conditioning. 
The same analysis will apply to some extent in winter. The mathematical 
relationship is revised due to a heating requirement rather than cooling. 
Present practice indicates a high temperature difference in winter in com- 
parison to that for summer. It is due to the fact that the heat losses in 
winter in Btu per hour far exceed the summer heat gains in Btu per hour, 
and particularly to the fact that in winter, reheating the air to produce 
desired room conditions is not reflected as a load on the system as it is in 
the summer, but merely accomplishes the necessary work. 

In line with the latter, reduction of air quantity by slowing down the 
fans for the winter season and increasing the temperature difference often 
is feasible, creating a saving in fan horsepower at no expense to the final 
heat balance, providing the air distribution is not seriously affected. 

Extremes should be avoided in all cases. For summer air conditioning 
low supply air temperatures will result in larger heat gains to the air 
passing through the ducts, poor control, etc. Too high a supply air tem- 
perature may result in excessive initial and operating costs. Suggested 
limits for the effective temperature are from 12 to 25 F, the actual selec- 
tion being based on the requirements of the particular case. For winter 
air conditioning too high supply air temperatures result in excessive heat 
losses from the ducts and stratification within the room unless thorough 
mixture is insured, while too low supply air temperature may cause drafts. 
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high operating costs, etc. Suggested limits are from 15 to 35 F. Basically 
there is no set rule and each case should be judged according to its par- 
ticular requirements. 

By-Pass 

. The by-pass, in its accepted form, consists of an arrangement of ducts 
and apparatus connections with the necessary dampers which will permit 
air to pass around the dehumidifier or conditioner without being treated. 
It has two functions which may be employed separately or simultaneously. 

The first of these is to provide a means of temperature control at a 
substantially constant total air quantity. If in summer, the load within 
the conditioned space is reduced and the temperature begins to fall, this 
drop in temperature can be offset by passing some of the air around the 
conditioner instead of through it, while the total quantity of air in circu- 
lation remains unchanged. When used for this purpose, it is termed an 
adjustable or automatic by-pass. The second function is to maintain a 
lower effective temperature difference between the air supplied to the 
room and the room temperature than could be obtained if air at the 
apparatus dew-point were supplied, and when so used is called a fixed 
by-pass. As discussed previously, if return air from the conditioned space 
is passed around the conditioner and mixed with the conditioned air, the 
effect on the heat balance is the same as if the air were removed from the 
space and immediately reintroduced. This is not strictly true, due to the 
fact that when ducts pass through unconditioned spaces, there is a heat 
gain by this air, and an additional gain is imposed by the heat of com- 
pression of the circulating fan in moving the air against the resistance of 
the system. However, the heat gain, where the by-pass is used to lower 
the effective temperature difference, usually favors its use due to the fact 
that the increased volume and the resultant higher temperature of the 
mixture of conditioned air and room air may show a lower net duct heat 
gain with a smaller temperature increase per unit of volume of supply air. 
The advantages thus obtained may offset the increased fan power. 

The adjustable or automatic by-pass can be made to serve the purpose 
of the fixed by-pass by providing a stop on the by-pass damper so that it 
can not close completely. In some cases this stop is unnecessary since 
commercial dampers will permit an air quantity of 10 to 20 per cent of the 
dehumidifier capacity, depending on the resistance of the conditioner, to 
leak through even when fully closed. 

Where a reduction in room sensible heat is not accompanied by a 
reduction in room latent heat the by-pass is to be used with care. When 
the dew-point temperature of the air leaving the dehumidifier is con- 
trolled at a fixed value the reduced quantity passed through the con- 
ditioner may be sufficient to handle the sensible heat load but insufficient 
to handle the latent heat load, resulting in humidities that are too high. 
If the dew-point is not controlled, as when cold water is supplied at a 
constant temperature or where direct expansion cooling coils are used, the 
reduced loading on the conditioner brought about by the reduced air 
quantity, will result in a lower dew-point temperature which usually is 
entirely adequate. This condition should be investigated in each case. 
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The by-passing of outdoor air is to be avoided in general. While the 
sensible heat requirements of the space may be such that the by-passing 
of high temperature outdoor air will aid in controlling room temperature, 
high moisture content air introduced to the space may raise the humidity 
to an objectionable amount. If return ducts from which the by-pass air 
is taken run through unconditioned spaces and there is an inward leakage 
of outdoor or moist air, the effect, in a lesser degree, is that of by-passing 
outdoor air. Therefore the location of such return ducts and the points 
from which such air is taken is of importance. Exceptions to this are where 
the moisture content of the outdoor air is lower than that of the room, and 
where the sensible heat to latent ratio increases at partial loads. 

The foregoing applies largely to summer air conditioning. In winter 
the by-pass usually is kept closed and room temperature control obtained 
by means of regulating the amount of heat supplied to the air. In some 
instances when the by-pass is located after the reheaters, the operation 
of the by-pass damper may be reversed and the by-pass still used as a 
means of control with the reheaters full on or operated in sequence with 
the by-pass. In other cases the reheater may be located in the by-pass 
as described further in this chapter. 

The principle of the by-pass may be applied to items of equipment 
other than conditioners, such as humidifiers, dehydrators, heaters, etc., 
in much the same manner. Where a heater has a capacity such that the 
temperature rise of the air is higher than desired, a smaller heater may be 
used and a portion of the air by-passed around the heater. Throttling of 
the sprays in a humidifier is, in effect, a by-pass since it increases the 
portion of air passing through without being contacted. 

Reheating 

Reheating the supply air is necessary in winter where this air is used 
to offset heat losses. Tempering of the supply air (merely reheating to a 
lesser degree) is required where other means of heating, such as direct 
radiation or panel heating is used to carry the main heating load. Supply 
air at the required apparatus dew-point would add to the load to be carried 
by the direct radiation and in addition may create a movement of cold air 
that while desirable in summer may be undesirable in winter. Modu- 
lation of the amount of steam supplied to the coils can be used to control 
temperature, or air can be by-passed around these heating or tempering 
coils. 

Since reheating or tempering coils are required for winter and year 
'round air conditioning, their use as a means of summer as well as winter 
temperature control is indicated. Where heat is available in summer, as 
the room sensible heat falls off the lo’w?' temperature of the supply air can 
be raised by means of these coils to maintain the desired room tempera- 
ture while still providing adequate air at the proper dew-point. 

Reheating presents an excellent method of accurate temperature control 
since the quantity of air passed through the conditioner is not changed as 
in the case of the by-pass, and since the distribution and circulation is not 
affected as when the volume of supply is reduced. However, reheating in 
summer has one disadvantage. It has the effect of maintaining a constant 
internal sensible heat load on the system. This means that when an 
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effective temperature difference of 15 F is being maintained at the maxi- 
mum room sensible heat load, this temperature difference must be reduced 
by means of heating to 7.5 F at half of the sensible heat load. The room 
sensible heat usually is about 35 to 45 per cent of the total cooling load 
and thus the penalty imposed on the refrigeration cycle is not extremely 
large. When the outdoor wet-bulb temperature is less than the desired 
room wet-bulb temperature, all outdoor air should be passed through the 
conditioner and under these circumstances reheating does not impose a 
load on the refrigeration cycle since the heated air is not returned to the 
conditioner. Further, where the volume of outdoor air introduced to the 
system, which for all practical purposes is wasted after its work has been 
done, is sufficiently large in relation to the amount of reheat used (that is, 
if the heat required does not exceed that necessary to raise the outdoor 
air only from dew-point to room temperature) the use of reheat does not 
impose a load on the refrigeration cycle. This, of course, assumes that 
there is no economic penalty involved in the use of heat itself. 

One of the best applications of reheating for summer purposes is in 
combination with other means of temperature control for the purpose of 
levelling off accentuated demands for temperature control. As an 
example, the by-pass can be applied to a certain extent, or the volume of 
supply air throttled to a limited degree, or both of these used in sequence, 
and reheating can be used as the final step in temperature control. 

In the foregoing it has been assumed that summer reheating is derived 
from an extraneous source of heat such as steam, electric heaters or hot 
water. The economics of reheating as outlined may be improved by the 
use of sources of heat that are available within the equipment used. 

Where certain types of refrigeration cycles are used, auxiliary refrig- 
erant condensing coils can be placed in the air stream. At partial loads 
these can be used as additional refrigerant condensing surface and 
improve the performance of the refrigeration plant. This is generally 
known as hot gas reheating. Less effective is the use of coils in the aii 
stream through which liquid refrigerant from the condenser is passed 
before being delivered to the evaporator, sub-cooling the liquid refrigerant 
and improving the performance of the refrigeration cycle. The use oi 
refrigeration condenser water as a source of reheating provides definite 
economies. If the condenser water is passed through coils in the ait 
stream before being used for refrigerant condensing purposes, the lowering 
of the condenser water temperature accomplished by reheating the ait 
will result in savings in the refrigeration plant power consumption and 
increased refrigeration capacity. The latter two methods usually are at 
some disadvantage in that the amount of reheat available decreases as 
the need for reheating increases, particularly where evaporative con- 
densers or cooling towers are used. 

Zoning 

Zoning consists of an arrangement of equipment or a division of equip- 
ment into sections that will permit individual control of the temperature 
and humidity of those spaces or groups of spaces that do not have simul- 
taneous variations in sensible or latent heat load. The equipment is sc 
arranged or divided that air can be supplied to spaces or groups of spaces 
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in accordance with the individual load requirements of that space or group 
of spaces. 

Solar heat gain is one of the major causes of the zoning requirement 
since its effect and amount vary with the season, time of day and exposure. 
Other sources of heat gain, subject to variations, such as large changes in 
the number of occupants in one space with a constant occupancy in 
another indicate the necessity of zoning. Some of the various methods 
of zoning are : 

1. Separate equipment. 

2. Reheating or recooling. (See Figs. 4 and 5.) 

3. Multiple fans with individual by-pass. (See Figs. 6 and 7.) 

4. Volume control, (See Fig. 8.) 

5. Dual duct system. (See Fig. 9.) 

6. Combinations of the above methods. 

Zoning by separate eqidpment represents the extreme in zoning. In- 
dividual conditioners, fans, heaters, controls, distributing duct work, etc., 
are provided for each zone and are separate from those of other zones. 
Each assembly of equipment is arranged to operate at full or partial load 
according to the requirements of that zone. In extreme cases an individual 
refrigeration plant may be provided for each zone. In general, this 
method of zoning is uneconomical since each piece of equipment is large 
enough to handle the full load requirements of that zone and no advantage 
can be taken of the fact that while one zone is at its full load others may 
be operating at considerably less than load capacity. This applies both to 
the initial cost of a system and the operating cost. There are, however, 
many cases where this method of zoning when used to a limited degree or 
combined with other methods is most desirable. 

Zoning by reheat is one of the more simple methods of approaching the 
problem of differing variations in load. Reheating has been discussed in 
the foregoing. Heating coils located in the distributing duct work or 
apparatus connections which supply only those spaces having sub- 
stantially the same load variations will, by adding heat when the cooling 
load falls off (or the reverse in the case of a heating load), maintain the 
desired temperature conditions. It has been shown previously that where 
the amount of reheating required is not excessive and that heat for this 
purpose is available from an economic standpoint this method of zoning 
may be entirely practical and even highly desirable. 

Zoning by recooling is literally the reverse of zoning by reheating. It is 
not used often but there are many cases where it is desirable. Its most 
practical application is limited to a sensible heat removal function where 
the latent heat requirements are handled by another source such as a 
dehumidifier or dehydrator, and where the recooling equipment (usually 
cold water cooling coils) can be utilized for reheating (usually with hot 
water) in the heating season. In using this method of zoning, when the 
cooling load of a given space is reduced, the cooling effect produced by the 
recooler is also reduced. 

The use of multiple fans with individual by-passes presents a simple and 
sometimes inexpensive method of zoning. Two or more fans may be 
arranged so that each draws its treated air from the same conditioner. 
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The connections between the conditioner and fans is divided or partitioned 
in such a manner that a by-pass connection can be made to each fan. 
See Fig. 6. In this way the amount of by-pass air can be regulated accord- 
ing to the requirements of the zone served by that fan. In this application 
a face damper must be used for each segment of the conditioner, arranged 
to close as the individual by-passes open or an unbalanced system may 
result. A much better adaptation of this principle, though slightly higher 
in initial cost, is obtained by using a single conditioner or dehumidifier, 
having a central conditioned air fan delivering the treated air to the 
necessary zone fans where the conditioned air is mixed with return air 
according to the requirements of the zone. See Fig. 7. With this method 
of zoning, the zone fans are provided with casings to which both return 
air and conditioned air are delivered, their proportions being regulated by 
dampers working in opposite directions. If conditioned air is delivered to 
the casing at slight positive pressure the return air damper may be omitted. 
Reheating can be effectively combined with either of these for year ’round 
use or for winter use only. The reheater is usually located in the air 
stream to the zone fan. Where a central conditioned air fan is used to 
deliver conditioned air to a number of zones a static pressure regulator 
controlling a volume damper or inlet vanes on this fan should be in- 
stalled to prevent unbalancing the system when one or more zone fan 
conditioned air dampers are throttling. This is one of the better methods 
of zoning and is particularly effective when used in combination with 
reheating for winter or year ’round conditioning as previously outlined. 

Volume control is the least expensive and most frequently used method 
of zoning. It is usually obtained by placing a throttling damper in the 
supply duct feeding a particular zone and operating the damper to 
restrict a flow of air as the heating or cooling load is reduced. The damper 
may be operated manually or automatically. Volume control, however, 
has two serious disadvantages. The first of these is that any large 
reduction in the quantity of air supplied may impair the ventilation. The 
second is that a large reduction of the air supply may entirely upset the 
distribution from the room outlets causing dead pockets, stratificatiorf, 
lack of air motion, or the reverse — undesirable drafts. Where the degree 
of volume control is large or the system extensive and where volume con- 
trol is applied to one portion of a system and not to another, the use of a 
static pressure regulator controlling a fan discharge damper or fan inlet 
vanes is indicated. Its best application is in combination with some other 
method of zoning such as reheat or by-pass where it is used as one step in 
a control sequence, and the reduction in volume limited to a proper 
amount. 

The dual duct method of zoning, sometimes referred to as the school- 
house system, can be successfully applied to comfort air conditioning 
though certain precautions must be observed. Essentially this method 
employs a source of warm air and a source of cold air both of which are 
delivered to a common point where either or a mixture of both are 
delivered to a particular zone according to the requirements of that zone. 
See Fig. 9. Several variations of this method are possible, some of which 
do not employ dual ducts as denoted by the name but which utilize the 
principle. An example of this is found in a blow-through system where 
die fan is located on the entering side of the conditioner and the con- 
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ditioned air passes from the conditioner into a plenum from which 
distributing ducts for the various zones are taken. A by-pass connection 
around the conditioner from the fan to the zone duct is made and dampers 
provided so that conditioned or untreated air, or a mixture of both is 
passed into the zone supply duct. In this method of zoning and in most 
of the variations of this method, the matter of by-passing untreated or 
outdoor air presents itself. This has been discussed earlier in this chapter. 
If a return air fan is used and the by-pass connection made from the 
return fan to the zone supply duct, then the by-passing of outdoor 
air does not need to be considered. Complication of ducts and con- 
nections should be avoided since it may result in difficult sheet metal work 
with accompanying leakage of air and waste of cooling or heating effect. 

Combinations of these several methods of zoning usually provide the 
most effective zoning. It is then possible to use each method to its 
greatest advantage without incurring operative or economic penalties 
which may be inflicted by the exclusive use of any one. Thus, where wide 
variations in load occur, volume control can be used to reduce the air 
quantity a limited amount, then as the load continues to fall off reheat or 
the by-pass or both can be used. By-pass and reheat can be used in 
series very effectively. Many combinations are possible and each case 
should be considered with regard to its particular requirements when 
deciding on the method of zoning. 

Induction Units — Low pressure type 

Induction units are essentially induction type convectors. These units 
utilize a jet of conditioned air (or primary air) to induce into the unit a 
flow of room or secondary air which mixes with the primary air. The 
mixture is discharged into the room through a grille at the top of the unit. 
Heating coils are located in the secondary air stream for use in heating. 
Control is obtained by either manually or automatically throttling the 
jet, and in addition, heat may be supplied to the secondary coils in summer 
as well as winter to provide control by reheating. The use of these 
induction units presents several advantages. Since the secondary air 
stream is thoroughly mixed with the high velocity low temperature air 
stream before leaving the discharge of the unit, the resultant temperature 
of the mixture is satisfactory even though the primary air is introduced at 
a temperature too low for ordinary methods of distribution. A unit is 
usually provided under each window in place of the customary direct 
radiation, and combines the air distribution system with the heating 
system. With a conventional system it may be necessary to provide 
supplementary heating in the form of direct radiation. These induction 
units may be selected so that their heating coils will have sufficient 
capacity under gravity conditions (that is, with the fan system off and no 
primary air entering the unit) to maintain the building or spaces at a 
reasonable temperature. The use of low temperature dehumidified air 
which has not been reheated or mixed with room air before delivery to the 
room results in a reduction in fan capacity and smaller sized duct work. 
In some cases the use of the by-pass may be desirable in order to keep 
the primary air volume up and provide additional control. This system 
can provide a degree of zoning that is usually impossible with conventional 
systems since each unit can be put under manual or automatic volume 
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control and reheat control. The selection of units should be made with 
regard to noise level when related to the noise level of the spaces. The 
inductive capacity of the unit increases with the jet velocity but too high 
jet velocities result in a high noise level. 

Induction Units — High pressure type 

A recent development of the induction unit as previously outlined is 
the high pressure type of unit. This unit employs nozzles which produce 
a high velocity jet quietly. The term, high pressure type of unit, is to 
some extent inaccurate since the pressure at the nozzles, while several 
times that of the low pressure unit, is still less than the total resistance 
pressure of a conventional central system. The high velocity jet of 
primary air induces a flow of secondary room air through coils located in 
the secondary air stream. The coil in the secondary air stream is sup- 
plied with chilled water in summer and hot water in winter and thus 
handles a large portion of the room sensible heat gain in summer and of 
the room sensible heat loss in winter. The primary air is supplied at a 
sufficiently low dew-point to take care of room latent heat gain in summer. 
In winter, it is supplied at a sufficiently high dew-point to take care of 
room latent heat losses. Control of temperature is obtained by throttling 
the water quantity supplied to the secondary coils. The quantity of 
primary air is greatly reduced due to the fact that a portion of the room 
sensible heat load is carried by the secondary air stream coil. Since the 
primary quantity is small, very high velocities can be carried in the supply 
ducts without requiring fan power in excess of that required for a con- 
ventional system. This means that the supply ducts or pipes can be very 
small and can be run in chases, or furred in at columns with the water 
pipes. The primary air is treated in the usual manner to provide air at 
the required dew-point and either a surface or spray dehumidifier or a 
dehydrator may be used. The primary air quantity is sufficient for 
ventilation purposes, and frequently consists entirely of outdoor air. The 
water piping for the units can be so arranged and valved that hot water 
can be supplied to one zone that may require heating while cold water 
may be supplied to a zone that requires cooling. 

This system is usually limited in application to hotels, apartments, 
office buildings and other multi-room installations having a large perimeter 
with relation to the floor area. The units are usually installed beneath 
the windows, replacing direct radiation or convectors. Where the spaces 
to be conditioned extend a large distance from the outer wall into the 
interior of the building, a separate system or zone for the conditioning of 
the interior portions may be required. 

Evaporative Cooling 

In climates where on design maximum days, the outdoor wet-bulb 
depression is relatively high it may be possible to dispense with refriger- 
ation or other cooling sources by use of the evaporative cooling effect. 
A well designed air washer using recirculating sprays will reduce the 
entering dry-bulb temperature to within a degree or two of the entering 
wet-bulb condition. Thus, it may be possible that with air entering at 
100 F dry-bulb and OOF wet-bulb temperature a leaving condition of 
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62 F dr>’'-bulb, nearly saturated can be obtained. Under some conditions 
of latent and sensible heat load the results may be entirely satisfactor 3 \ 

Under those conditions when the outdoor wet-bulb temperature is not 
quite low enough to permit the use of straight evaporative cooling it is 
possible to use precooling coils with refrigeration, well water or a cooling 
tower as the basic source of cooling to lower the wet-bulb temperature 
(by sensible heat removal) of the air before it enters the air washer. Where 
internal heat loads are high, this may be more economical than using 
return air. Under other conditions where the required supply air dew- 
point is too low to permit straight evaporative cooling and the sensible 
heat load not too great, intentional partial saturation may be employed. 
That is, the low dew-point of the outdoor air is utilized by permitting 
some of it to pass through the humidifying sprays untreated or pass 
around the humidifier. All of these remarks with regard to evaporative 
cooling are based, as indicated, on the assumption that the supply air will 
consist entirely of outside air. Provision should be made for the return of 
air from the conditioned spaces for control purposes as well as for winter 
use in all cases. 

Precooiing 

Where sufficiently cold water from wells or streams is available a saving 
in the refrigeration cycle may be obtained by the use of precooling. 
Cooling coils are placed ahead of the dehumidifier or conditioner and the 
cold water from a well or stream circulated through the coils. The 
resultant cooling of the air decreases the load to be carried by the de- 
humidifier and refrigeration plant. In normal practice the water after 
passing through the precooling coils is delivered to the refrigeration plant 
for condensing purposes. The economic advantages of this scheme 
are apparent and it is frequently used. 

Sensible Cooling with Dry Cooling Coils 

Under certain atmospheric conditions where a large wet-bulb depres- 
sion exists and the dew-point of the outdoor air is sufficiently low at all 
times,- proper inside conditions may be obtained by removing sensible 
heat only from the outdoor air and supplying it to the spaces. Under this 
condition of a high wet-bulb depression a cooling coil may be located in 
the air stream and this coil supplied with water from a cooling tower of 
one type or another. When humidity control is desired sprays to saturate 
or partially saturate the air may be used after the dry cooling coil. 
Saturation or partial saturation after the dry air cooler will further reduce 
the diy-bulb temperature of the supply air and reduce the supply air 
quantity required. This system has very definite application in hot dry 
climates and in general is most economical. 

Run-Around System 

An interesting method of control is found in the use of combined re- 
heating and precooling usually termed the run-around system. Coils are 
placed in the air stream before and after the conditioner and water or 
brine is circulated around the conditioner from one coil to the other. The 
water passing through the reheating coil is cooled by the air leaving the 
dehumidifier and the air is heated by the water. The cooled water is then 
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circulated through the precooling coil where the entering air is cooled by 
the water and the heated water sent back to the reheating coil. The run- 
around has the advantage of permitting a higher supply air dew-point 
temperature than would be possible otherwise. This is due to the fact 
that continual reheating is available which is not a large penalty on the 
refrigeration plant since it provides precooling at the same time. This 
reheating at peak load creates an artificial sensible heat gain which in- 
creases the ratio of room sensible heat to room total heat and for a given 
room temperature results in a higher apparatus dew-point. See Equations 
2, 3 and 4. Thus, while the volume of supply air is increased, the low side 
temperature level of the refrigeration plant is raised and this may effect 
savings in initial and operating costs. This system has the disadvantage 
of providing a decreasing amount of heat for reheating as the demand for 
reheating increases. 


RELATION TO BUILDING TYPE 

Few buildings or spaces are physically identical and those that are 
similar in this respect may have marked differences in internal loading, 
zoning requirements, and economic limitations. Consequently it is 
virtually impossible to establish fixed rules governing the type of system 
to be used. Each case must be considered on its own merits with due 
regard to all engineering and economic factors. However, some generali- 
zations are possible. 

In small single spaces the use of an elaborate system is undesirable 
from an initial cost standpoint. Zoning may be often eliminated. This 
also applies to large single spaces except that in very large spaces the 
necessity of providing adequate zoning is encountered more frequently. 
If the spaces are extremely large, physical and economic limitations such 
as the size of equipment, size and length of ducts, may require the 
division of the space into sections. Whether these sections are to be 
made according to zones or whether each section is to be zoned will 
depend on the particular case. 

Where groups of spaces or small buildings are encountered, simple sys- 
tems still prove the most economical. A single central station with zoning 
by means of volume control and reheat combined may be entirely satis- 
factory. If the perimeter of the building is large with regard to the area, 
induction units of the low or high pressure type may be employed, par- 
ticularly if it is a multi-room application. Occasionally the dual duct sys- 
tem may be considered, but is infrequently used due to its complications. 

Low buildings with large floor areas, such as large department stores 
and large general offices, may have to be divided into sections for treat- 
ment. In the case of large department stores it may be possible to provide 
a single conditioner with a fan delivering the conditioned air to recircu- 
lating fans which supply the various departments or spaces. This 
application is limited by practicability of running the large conditioned 
air ducts to the various recirculating fans. In some cases the use of 
separate systems for each section will be indicated with the added neces- 
sity of dividing into horizontal as well as vertical sections. If the latter is 
required, each vertical section may be handled by a separate system con- 
sisting of a single conditioner and fan delivering conditioned air to recircu- 
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lating fans supplying the horizontal sections. Zoning is obtained by 
proper allocation of the recirculating fans or other conventional methods 
used in conjunction with the recirculating fans. For general offices in 
particular, or types of buildings having a large perimeter, the use of one of 
the induction type units for perimeter treatment, combined with a con- 
ventional system for the treatment of the interior portions, offers pos- 
sibilities. 

High buildings having large floor areas may be successfully handled in 
many ways. Horizontal or vertical sectionalizing or both may be required, 
as determined by economic factors and physical limitations. Where 
vertical sections only are required the use of a single conditioner and fan 
for each section delivering conditioned air to zone fans at various floors 
may be used. These zone fans can be so arranged that one recirculating 
fan can handle similar zones on several floors, thus reducing the number of 
fans required and providing a degree of vertical zoning. Where vertical 
sectionalizing is not indicated, the building may be divided into hori- 
zontal groups, each group handled by a central system and adequately 
zoned. In some extremely large buildings apparatus rooms for the sys- 
tems may be located in the basement and in the attic and on intermediate 
floors. 

In high buildings having small floor areas the treatment required may 
be the same as for that of a vertical section of one having a large floor 
area. A single conditioner and fan can be used to deliver conditioned air 
to recirculating fans located at various floors. 

In all cases of high buildings the necessity for horizontal sectionalizing 
is indicated by the economical size of air supply and return risers and by 
the extent to which they encroach upon usable space. In all buildings the 
necessity for vertical sectionalizing is indicated by the economical size of 
horizontal supply and return ducts and the space requirements of these 
ducts. 

Usually the most simple systems are best adapted to theatres, audi- 
toriums, and similar applications. Zoning is seldom required other than 
in connection with auxiliary spaces served by the same system. A con- 
ventional central system with by-pass control possibly augmented by 
reheat usually will suffice. The auxiliary spaces may be supplied with air 
from the same system controlled by volume r^uction and reheat. 
Balconies and large lobbies frequently justify the use of separate zoning fans. 

The foregoing are merely generalizations and suggestions. It is the 
responsibility of the engineer to explore thoroughly the possibilities of all 
types of systems and employ that best suited to the purpose from a 
standpoint of maintained economy, maintenance, life, operation and 
physical applicability. 


EQUIPMENT SELECTION 

Other chapters cover in detail most of the items of equipment used in a 
central system. Each item must be selected not only on its own merits, 
but in relation to all the other items that go to make up the complete 
central system. Each item should be considered from the standpoint of 
both initial cost and operating costs. Consideration must be given to 
performance at partial loads since most systems operate at full load but 
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a small percentage of time. Many items of equipment have been well 
standardized and are manufactured in certain definite sizes. The fullest 
advantage of this should be taken. One item that may be oversized of 
necessity may permit the use of a smaller piece elsewhere. 

Fans operate at full capacity continually in many systems and therefore 
should be selected for good efficiencies. In winter where higher tem- 
perature differentials are used it is possible to use lower air quantitities 
and a two-speed motor may be provided for the fan, resulting in a power 
saving. In such cases the air distribution under the reduced volume 
should be investigated before providing this feature. 

In selection of the dehumidifier or conditioner the relation of this item 
to the refrigeration plant is to be given careful consideration. Frequently, 
it is possible to make a saving in the refrigeration plant by providing more 
surface in the dehumidifier or conditioner. On the other hand, an excess 
of capacity in the refrigeration plant can be used to lower the apparatus 
dew-point (if the lower room humidity is satisfactory) resulting in a 
reduced quantity of dehumidified air and smaller dehumidifier. 

In winter, where preheating coils in outside air intakes are required and 
subjected to entering air temperatures below freezing, the coils should be 
selected for operation at full capacity whenever the entering air tem- 
perature is below 35 F or where throttling of the steam supply to the coils 
is desirable, a type of coil that is designed especially for this must be used. 
In many cases the use of preheaters is not justified since the temperature 
of the mixture of outside and return air may be entirely satisfactory. 

Where reheating coils are used after the supply fan, either as zone 
control reheaters or boosters, and are relatively near outlets, care is to be 
used to install these coils so that any stratification of temperature pro- 
duced by the throttling of the steam or water supply does not result in 
cold air being delivered to one outlet and warm air to another. Some 
types of coils that do not produce stratification under throttled con- 
ditions are commercially available. 

The selection of the refrigerating plant is in itself an economic study. 
The availability, consumption, and costs of condenser water are to be 
compared to the initial costs involved and water savings produced by the 
use of cooling towers or evaporative condensers. Whether or not a direct 
expansion or flooded system, cold water or brine type of plant will be 
used is not only a matter of initial cost but one of overall performance, 
operating economy, compactness, and in some cases, one of safety. Where 
water or brine is used as a cooling medium, the possibilities of using 
lower temperatures and decreased quantities of water or brine, with 
resultant savings in pumping power and line sizes, are to be considered 
with relation to the increased power consumption and probable increased 
cost of the refrigeration machine. 

Air cleaning devices are to be selected according to the particular 
requirements of the project as well as to existing atmospheric conditions. 
In some applications such as certain types of stores or departments in 
large stores, lint screens should be provided for the return air as well as 
filters. Whether or not return air is to be filtered will depend upon the 
individual case and will be related to the amount of dirt or dust generated 
in or brought into the conditioned space from various sources. The type 
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of filter or cleaning device to be used depends largely on economic con- 
siderations. Obviously an expensive high efficiency cleaning device is not 
warranted where atmospheric dust or dirt is of such a nature that a less 
expensive, less efficient device will remove the more objectionable matter. 
Interior cleaning costs, dust and dirt damage, and hazard due to an 
accumulation of inflammable dust or dirt within the system are most 
important factors. 

Automatic instruments are nearly ahvays used in present practice for 
the control of temperature and humidity and to an increasing extent in 
the control of large refrigerating plants as well as small ones. Whether 
electric or pneumatic controls are to be used is a function of the particular 
requirements of the application and with certain exceptions a function of 
economy. Either electrically or pneumatically operated controls can be 
made to serve the same purpose though the individual case may favor one 
or the other. A detailed discussion of automatic controls may be found 
in Chapter 34. One point is to be emphasized. In general, the simpler 
the control system the better it will perform. Control systems seldom 
receive the maintenance they deserve and the fewer the instruments and 
devices the better the care. Further, it is poor policy to provide, at 
additional expense, instruments of extreme sensitivity to devices in- 
capable of responding to the control demands. 

Insulation is an important factor in air conditioning systems. Its 
economics with regard to steam and water or brine piping are well known 
and need no comment. The insulation of duct work is not merely a 
matter of economics but sometimes is a necessity from the standpoint 
of limiting the temperature rise of the air even when the ducts are in 
conditioned spaces. This temperature rise of the air should always be 
taken into account when apportioning the air and sizing the ducts and will 
indicate the necessity for insulation. In some cases, leakage of air from 
the duct where the duct is in a furred space or chase will eliminate the 
need for insulation by maintaining a reasonable temperature surrounding 
the duct. 

There are practically no items of equipment associated with central air 
conditioning systems that are not subject to economic limitations as well 
as those of performance and duty and all of them should be considered in 
the selection. 


ARRANGEMENT OF EQUIPMENT 

A proper arrangement of equipment is essential for the proper function- 
ing of any system. Where systems are to be installed in existing buildings 
the arrangement of equipment may be limited by structural or space 
considerations, but no compromises that may prevent satisfactory opera- 
tion or maintenance should be considered. 

The location of the apparatus room is often determined by building 
construction or available space. The closer the apparatus room to the 
conditioned space, the less expensive is the duct-work. On the other 
hand if the equipment generates noises it may be necessary to locate the 
room some distance from the spaces or provide adequate sound and 
vibration treatment. The scattering of wet apparatus throughout a 
building is to be avoided unless suitable precautions are taken. It must 
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be remembered that encroachment on spaces that are otherwise usable 
can be charged against the system as an operating cost. 

In general the apparatus should be arranged to have straight line air 
flow. This is desirable but not always possible. Each change in direction 
is the source of air resistance, and in addition may cause eddy currents 
resulting in stratification. The usual order of equipment, beginning at the 
outside air intake is: outside air screen, outside air louvers, maximum and 
minimum outside air dampers, preheaters, return air connection, filters, 
conditioner, by-pass connection with or without reheaters, reheaters, fan 
and distributing ductwork. See Figs. 1, 2 and 3 for typical arrangements. 
Use of one or more of the methods of zoning may require a modification of 
this order but usually only after the dehumidifier or conditioner. 

Outside air screens prevent the entry of large foreign matter, birds, 
etc. The use of louvers or a hood at the outside air intake prevents the 
entry of rain and snow. Both of diese should be used on all systems. As 
pointed out earlier, the louvers and screens should be of sufficient size to 
permit the passage of the entire conditioned air quantity. 

The minimum outside air damper usually covers the entire face of the 
preheater, which in turn is selected for the minimum outside air quantity. 
The maximum outside air damper is designed for the difference between 
the dehumidified air quantity and the minimum outside air. Its size can 
be such that its air resistance when open will equal the air resistance of 
the open minimum outside air damper plus that of the preheater if used. 
Where the spaces conditioned are very tight against air leakage, some 
type of relief or positive exhaust may be necessary when all outdoor air is 
introduced to the system to provide some means of egress for the air. 
Such reliefs require back-draft dampers to prevent infiltration when all 
outdoor air is not being used. A return fan properly dampered as 
indicated later is sometimes used. 

The return air from the conditioned spaces usually is brought into the 
apparatus between the preheater and the filter. Just as it is necessary to 
make provision for using all outdoor air it is necessary to make provision 
for using all return air. Heating an unoccupied building or cooling it 
after a shut-down is easier if all the air used is return air. Consequently 
the return connections should be ample for this. In many cases higher 
velocities can be carried in the return ducts during such times, since the 
fan will exert a pull at the return connection nearly equal to the resistance 
of the outside air connection and the return ducts need not be larger than 
for normal return air quantities at normal velocities. In other cases it is 
possible that a reduced quantity of air due to the increased resistance of 
the return duct system may be satisfactory during the starting period. 
Where the return air system is extensive or complicated a return air fan 
is desirable. This fan can serve as a combination exhaust and return fan 
by arranging dampers in its discharge so that the necessary return air can 
be delivered back into the system and the remainder discharged outdoors. 
When all outdoor air is passed through the conditioner the entire return 
air quantity is discharged outdoors. 

The by-pass connection normally connects the return air duct system 
into the apparatus ceising between the conditioner and fan. Usually it 
is sized to handle about 50 per cent of the fan capacity where a variable 
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by-pass is used though extreme load variations may require a greater 
amount. It is at times good design to locate the reheater in the by-pass 
connection using a certain amount of by-pass air when heating is required. 
Since the relatively high resistance of the conditioner is to be balanced 
by the heating coil and by-pass connection, enough heating surface can 
be provided to raise the temperature of the by-pass air to the point where 
the mixture of by-pass air and conditioned air will have the required 
temperature. When a variable by-pass is used a damper working in 
opposition to the by-pass damper should be placed across the face of the 
dehumidifier, for unless the resistances of the two are most carefully 
balanced at all operating points the proper mixtures of air will not be 
obtained. The avoidance of by-passing outside air is again stressed. 
Where the by-pass is made a part of the dehumidifier or conditioner and 
located on the top or side of it, the return air connection should be made 
in such a way that stratification of return air is insured, baffles being 
provided to accomplish this purpose if necessary. Where return air and 
by-pass air connections are taken off a return duct system it may be 
necessary to install a back-draft damper between the return air con- 
nection and the by-pass connection, if the return duct system is extensive 
and the connections simple. In this instance, when the by-pass damper 
is at maximum opening it may be much easier for outside air to pass 
through the return damper, into the return duct connection and through 
the by-pass than for return air to pass through the by-pass connection 
into the fan. Air always takes the easiest path and if the dehumidifier 
resistance is high, and the return duct resistances low, this situation is 
apt to occur unless precautions are taken. A return fan instead of a 
back-draft damper may be required for this case if the failure of return air 
to reach the dehumidifier or conditioner is a serious matter under reduced 
load conditions. 

The location and arrangement of the dehumidifier, humidifier, or con- 
ditioner with reference to each apparatus assembly is more or less stand- 
ardized. In general, the outside air intake, preheaters, and return air 
connections precede the conditioner while the by-pass, reheaters and fan 
follow the dehumidifier. In the cases of the blow through system, where 
the fan is located ahead of the conditioner, the leakage of air at the con- 
ditioner is outward instead of inward and may be accompanied by water 
leakage unless the proper precautions are taken. 

The location of the complete apparatus assembly including the de- 
humidifier will be dependent on the type of building, spaces available, 
structural characteristics, etc. The type of conditioner used may limit 
the location under certain conditions. Where cooling coils employing 
chilled water or brine as the cooling agent are used there are few restric- 
tions with regard to location other than those of pumping power, working 
pressures, line costs, etc. Where open spray dehumidifiers are used very 
definite limitations present themselves, and these may require certain 
extraneous equipment to make the system workable. If several spray 
type dehumidifiers are located on different levels, a surge or storage tank 
to which the return water from each dehumidifier can be taken is required. 
Should the water level in the pan of the dehumidifiers be low in relation 
to that of the surge tank, return water pumps will be required, and these 
pumps will have to be operated until the water supply lines are drained in 
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order to prevent flooding of the lower dehumidifiers. Where spray de- 
humidifiers are on the same level, equalizing lines between the pans may 
be required if a storage tank is not provided. 

All of the various pieces of equipment from the outdoor air intake 
through the fan usually are connected together by sheet metal casings. 
Frequently the building structure or specially constructed walls or par- 
titions may be used to form all or portion of the casing. In any case the 
casing or connection must be sufficiently sturdy for the required duty. 
Sheet metal work must be well braced not only to prevent bellying or 
vibration under pulsations in air flow but to withstand the abuse of normal 
usage. Casings should be adequately braced wherever access doors are 
installed and all large panels should be adequately reinforced by angle iron. 

Each apparatus layout is to be made with accessibility in mind. Where 
cooling coils are used space for removing and repairing or replacing the 
coils should be provided. Adequate space is to be provided for the 
servicing and replacement of eliminators. Filters must be so located that 
the proper cleaning, replacement or routine servicing can be accomplished 
without difficulty. Free access to the bearings of all moving machinery 
is a necessity. Provisions should be made for the complete removal and 
replacement of any part of the system that is subject to wear, deteriora- 
tion or damage, whether it may be filter, fan wheel, motor, rotor, pump 
impeller or heat transfer surface. 

DESIGN PROCEDURE 

The customary design procedure is outlined herewith. For simpli- 
fication the procedure is set up on the basis of a year 'round system. For 
summer only or winter only systems, the unrelated parts are to be omitted. 

1. Selection of design conditions (inside and outside). 

a. Summer. 

h. Winter. 

2. Determination of outside air requirements. 

3. Determination of cooling load. 

a. Room sensible heat gain. 

h. Room latent heat gain. 

c. Room total heat gain. 

d. Grand total heat gain. 

4. Determination of heating load. 

a. Room sensible heat loss. 

h. Room moisture loss. 

c. Humidification requirement. 

d. Total heating requirement. 

5. Determination of apparatus dew-point and dehumidified or humidified air quantity. 

a. Summer (full load and part load). 

h. Winter. 

6. Supply air temperature difference and quantity. 

a. Summer. 

h. Winter. 

7. Equipment selection. 

8. Equipment layout. 

The foregoing steps are merely typical. Many applications will require 
at least a preliminary investigation of some of the latter steps before 
proceeding with the earlier steps. 
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Chapter 22 


UNIT HEATERS, UNIT VENTILATORS, 
UNIT HUMIDIFIERS 


Unit Heaters, Ratings, Unit Ventilators, Applications, Window 
Ventilators, Unit Humidifiers, Types of Units 


I N other chapters, descriptions are given of heating, cooling, ventilating 
humidifying, and dehumidifying systems. The success of such systems 
has led to the production of factory-assembled equipment employing a 
majority of the principles of these complete systems. As a result, present 
day practice involves the use of unita^ equipment in the majority of 
installations where capacity and application demands are within the 
limits of such units. Thus unit heaters, unit ventilators, and unit humidi- 
fiers described in this chapter, and cooling units, unit air conditioners, 
and attic fans described in Chapter 23 have come to occupy a place of 
their own in the industry. 

Unitary Equipment 

Unitary equipment was first applied in units of small capacity but 
increased experience in this field has led to an ever widening range of 
capacities and applications. In general a unit may be defined as a factory- 
made encased assembly of the functional elements indicated by its name, 
such as unit heater, unit ventilator, etc. These units are shipped sub- 
stantially complete or built and shipped in sections so that the only field 
work necessary is the assembling together of the sections, without 
resorting to any field fabrication. 

A unit may be complete in itself, employing its own direct means of 
air distribution and source of heating, in which case it thus represents a 
complete self-contained unit. Or it may be coupled with separate means 
of air distribution such as duct work and outlets, in which case it will 
still be considered as a unit system, as contrasted with the generally 
accepted term of a field fabricated central station system. The manu- 
facturer of the unit is responsible for the output and performance of the 
unit under rated conditions, whereas the contractor installing the com- 
plete unitary system is normally held responsible for the performance 
of the complete system. 

Unit equipment justifies its existence due to the following features: 

1. Lower cost per unit capacity. Standardized design and volume production makes 
possible low cost factory assembly thereby eliminating individual design and handling of 
every part for each installation. 
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2. Flexibility and mobility of equipment. Unitary' equipment can be readily located 
in existing buildings without the necessity of running large ducts through floors and 
many partitions. Such equipment can be shifted to meet changing requirements. 
Tenants may obtain the advantages of conditioning when the entire building^ is not 
equipped with a conditioning system. In industrial process work, the flexibility of 
unitary equipment is also advantageous. 

3. Lower installation costs. The fact that the equipment arrives on the job in an 
assembled condition, coupled with the lesser problems of duct work and connecting 
piping, materially reduces installation costs 

4. Small capacities. The small capacities available in unitary equipment have 
brought the advantages of controlled air conditions to a number of small offices, stores, 
shops, and individual rooms where specially designed and built central system equipment 
would have been uneconomic. 

Definitions 

With the growth of the unit equipment industry, it becomes increas- 
ingly evident that there is no sharp line of demarcation, on the basis of 
capacity, between a unit and a central plant system. The definitions 
contained in a Code, Standard Method of Rating and Testing Air Con- 
ditioning Equipments have helped to clarify and identify the various 
types of equipment since the definitions are given on a purely functional 
basis. The following definitions are taken from the code: 

1. A Heating Unit is a sjDecific air treating combination consisting of means for air 
circulation and heating within prescribed temperature limits. 

2. A Heating Air Conditioning Unit is a specific air treating combination consisting 
of means for ventilation, air circulation, air cleaning and heat transfer with control 
means for heating and maintaining humidity within prescribed limits. 

3. A Humidifying Unit adds water vapor to and circulates air in a space to be hu- 
midified. 

4. A Free Delivery Type Unit takes in air and discharges it directly to the space to be 
treated without external elements which impose air resistance. 

5. A Pressure Type Unit is for use with one or more external elements which impose 
air resistance. 


UNIT HEATERS 

A unit heater consists of the combination of a heating element and fan 
or blower having a common enclosure and placed within or adjacent to 
the space to be heated. Generally no ducts are attached to inlets or 
outlets, although it is common practice with many unit heater appli- 
cations to equip the heaters with directional outlets or adjustable louvers. 
While unit heaters are designed primarily to handle all recirculated air, 
they may be installed to handle either partial or total outdoor air. 

Features 

A wide variety of structural designs is available. All employ some 
form of heat transfer surface, supplied with steam, hot water, gas or 
electric heat. Air is always forced over or drawn through the heat 
transfer surface by a fan of either the propeller or centrifugal type. Heat- 
ing surfaces may be in the form of non-ferrous or steel pipe coils, non- 
ferrous or steel pipe with extended surfaces, cast-iron, or pressed or 
built-up sections of the cartridge or automotive type. 


^Prepared by a Joint Committee of the American Society of Refrigerating Engineers ^ American Society 
OF Heating and Ventilating Engineers, Refrigerating Machinery Association, National Electrical Manu- 
facturers' Association and Air Conditioning Manufacturers' Association. 
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Compared with the older method of heating by radiation, properly 
designed and applied unit heaters should : 

1. Circulate air in the building at a rapid rate but without objectionable draft. 

2. Reduce the temperature differential between the floor and ceiling. 

3. Direct the heated air so that uniform temperature distribution will be obtained 
throughout the heated space. 

4. Prevent or remove the cold stratum of air commonly found at the floor level. 

5. Reduce the number of heating elements required and thereby decrease the cost 
and extent of the piping necessary, 

6. Maintain a closer control of room temperature either manually or by means of 
simple thermostats. 

7. Produce an economy in heating costs resulting from the sum total of the above 
advantages. 

8. Provide a means of saving floor area or room space due to the compactness of the 
equipment and flexibility of application. 




Fig. 2. Suspended Unit Heater, 
Propeller Type Fan 


Fig. 1. Floor Mounted Unit Heater, 

Housed Type Fan 

Types of Units 

There are two major types of unit heaters, centrifugal housed fan type 
and propeller fan type. The housed fan high velocity (1500 to 2500 fpm) 
discharge units, with outlets adjustable to deliver air in several directions, 
are able to project their heating effect over distances of from 30 ft to as 
much as 200 ft from the unit. This makes possible the location of these 
units at considerable distances from each other, thus reducing greatly the 
piping and loss of floor space due to the heating equipment. Figs. 1 and 
3 illustrate the housed fan type of unit. 

Propeller fan type of unit heater is used extensively to heat the small 
commercial establishment, although this type of unit is also available in 
very large sizes. Fig. 2 illustrates a propeller fan type of heater. A code^ 
governing the number of sizes of propeller fan type units as well as 


^Standards for Propeller Tsrpe Unit Heaters prepared and adopted by the Industrial Unit Beater Assa^ 
ciation, June, 1938. 
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standardization of fan motor types and the method of specifying outlet 
velocities has been adopted. 

Ratings 

Standard practice is to rate unit heaters in Btu per hour at a given 
temperature of air entering the heater and at a given steam pressure 
maintained in the coil. Steam at 2 lb pressure and air entering at 60 F 
are used as the standard basis of rating®. The capacity of a heater 
increases as the steam pressure increases, and decreases as the entering 
air temperature increases. The heating capacity for any condition of 
steam pressure and entering air temperature may be calculated approxi- 
mately from any given rating by the use of factors in Tables 1 and 2. 
Table 1 is used for the blow-through type and Table 2 for the draw- 
through type of unit. The formulae given under unit ventilators for 
calculating capacities also apply to unit heaters. 



The temperature to be mainteuned^ in the room, for recirculating 
heaters with intakes at the floor level, should be considered as the tem- 
perature of the air entering the heater. Where outside air is introduced, 
the temperature of the mixture must be calculated and used as the 
entering air temperature to the heater. Unit heaters taking in recircu- 
lated air at the floor level should maintain temperature differentials of 
less than 0.5 deg per foot of elevation when the maximum capacity of the 
heaters is required. This temperature difference per foot of elevation is 
less than the corresponding variations for spaces heated by direct radi- 
ation. 

The temperature variation from floor to ceiling with suspended unit 
heaters taking air at some distance above the floor may reach as much as 
1 deg per foot of elevation during the periods when the maximum capacity 
of the heaters is required. Thus this allowance should be made in calcu- 


»A.S.H.V.E. Standard Code for Testing and Rating Steam Unit Heaters (A.S.H.V.E. Transactions^ 
Vol. 36, 1930. p. 165). 

^A.S.H.V.E. Research Report No. 958 — Temperature Gradient Observations in a Large Heated Space 
by G. L. Larson, D. W. Nelson, and O. C. Cromer (A.S.H.V.E. Transactions, Vol. 39, 1933, p, 243). 

A.S.H.V.E. Research Report No. 1011 — ^Tests of Three Heating Systems in an Industrial Type of Build- 
ing. by G. L. Larson, D. W. Nelson, and John James (A.S.H.V.E. Transactions, Vol. 41, 1935, p. 185). 
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lating the capacity of suspended heaters. High velocity discharge units 
(blower type illustrated in Fig. 3) will maintain slightly lower temperature 
differences than will low velocity units (propeller fan type illustrated 
in Fig. 2). 

Unit heaters are customarily rated as free delivery type units. If 
outside air intakes, filters, or ducts on the discharge side are used with the 
heater, proper consideration should be given to the reduction in air and 
heating capacity that will result because of this added resistance. 

The percentage of this reduction in capacity will depend upon the 
charactertistics of the heater and on the type, design and speed of the 
fans so that no specific percentage reduction can be assigned for all 
heaters at a given added resistance. In general, however, disc or propeller 
fan type units will experience a larger reduction in capacity than housed 
centrifugal fan units for a given added resistance and a given heater will 
have a larger reduction in capacity as the fan speed is lowered. When 
confronted with this problem the ratings under the conditions expected 
should be secured from the manufacturer. 

Boiler Capacity 

The capacity of the boiler should be based on the rated capacity of the 
heaters at the lowest entering air temperature that will occur, plus an 
allowance for line losses. Ordinarily for recirculating heaters the lowest 
entering temperature will occur at the beginning of the heating period 
and is usually taken as 40 F, while for ventilators taking air from outdoors 
the lowest entering temperature will be the extreme outdoor temperature 
expected in the district. No greater allowance in boiler capacity beyond 
the calculated heat demand need be added in order to supply unit heaters 
than for any other type of system. 

It is imwise to install a single unit heater as the sole load on any boiler, 
particularly if the unit heater motor is started and stopped by thermo- 
static control. The wide and sudden fluctuations of load that occur 
under such conditions would require closer attendance to the boiler than 
is usually possible in a small installation. Where oil or gas is used to 
fire the boiler, it is possible by means of a pressurestat to control the 
boiler, in response to this rapid fluctuation. In most cases, however, and 
particularly where the boiler is coal-fired, it is advisable to use two or 
more smaller heating units instead of one large unit. 

Steam pressures below 5 lb can be used with safety for recirculating 
unit heaters when their coils are designed for the purpose and when proper 
provision is made for returning the condensate. If ventilators are to take 
in air that may be at a temperature below freezing, however, a steam 
pressure of not less than 5 lb should be maintained on the convector or a 
corresponding differential in pressure between the supply and returns be 
maintained by means of a vacuum. 

Piping Connections 

Piping connections for unit heaters are similar to those for other types 
of fan blast heaters. The piping around the unit heaters must strictly 
conform to the system requirements while at the same time permitting 
the heaters themselves to function as intended. The basic piping princi- 
ples for steam systems are discussed in Chapter 15. 

429 



HEATING VENTILATING AIR CONDITIONING GUIDE 1942 



430 


Note: To determine capacity at any steam pressure and entering temperature, multiply constant from table by rated capacity at 60 F entering and 2 lb pressure. 




Table 2, Constants for Determining the Capacity of Draw-TnROUGH Type Unit Heaters for Various wSieam Pressuri*- 
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Note: To determine rapacity at any steam pressure and entering temperature, multiply constant from table by rated capacity at 60 F entering and 2 lb pressure. 
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Rapid condensation of steam, especially during heating-up periods, 
is characteristic of this type of equipment. The piping must be planned 
to accommodate this rapid condensation, must keep the surfaces free of 
water; while on the supply side the piping must be ample to carry a full 
supply of steam to the surfaces to take the place of that condensed. 

Adequate size of pipe is thus essential to all heating surfaces over 
which there is a forced flow of air. Especially is this true where the fan 
is operated under start-and-stop control and where the air handled may 
be made up either wholly or partly of cold air from outside the building. 
In such installations the condensation rate may vary rapidly and the 
necessity for ample pipe capacity is especially acute. 

A method of connecting a unit heater to a one-pipe gravity system is 
illustrated in Fig. 4. In those cases where the unit heater is to be con- 



One-pipe Gravity Steam System Gravity System with Wet and Dry 

Returns 

nected to a dry return instead of a wet return it is necessary to provide a 
water pocket or loop about 5 ft in depth to prevent steam passing into the 
return and thus into other equipment. 

A method of connection is shown in Fig. 5, where there is a wet return 
and a dry return. In this case the condensate from the heater and the 
drip from the supply main drop to the wet return by gravity, while the 
air passes upward through the traps to the dry return and is vented from 
the system at any suitable location. 

A sketch of an arrangement where there is a dry return line through 
which both air and condensate pass to be handled by some suitable means, 
such as a condensate pump and receiver is given in Fig. 6. The return line 
is not subjected to vacuum, and consequently all arrangements must 
facilitate gravity flow of the condensate toward the receiver. Traps must 
pass air and condensate rapidly to keep the return piping only partially 
full of water. 
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Since^ unit heaters are often constructed with sufficient strength to 
resist high pressures, use of high pressure steam in them is a common 
practice. In Fig. 7 the condensate and air reach the return overhead 
through traps, and check valves are located in the return piping. 

For two-pipe closed gravity return systems, the return from each unit 
should be fitted with a heavy duty or blast trap, and an automatic air 
valve should be connected into the return header of each unit. Pressure 
drop must be compensated for by elevation of the heater above the water 
line of the boiler or of the receiver. 

^ In pump and receiver systems the air may be eliminated by individual 
air valves on the heaters, or it may be carried into the returns the same 
as for vacuum systems and the entire return system be free- vented to the 
atmosphere, provided all units, drip points, and radiation are properly 
trapped to prevent steam entering the returns. 



Condensation into Dry Return 


On vacuum or open vented systems the return from each unit should 
be fitted with a large capacity trap to discharge the water of condensation 
and with a thermostatic air valve for eliminating the air, or with a heavy- 
duty trap for handling both the condensation and the air, provided the 
air finally can be eliminated at some other point in the return system. 

For high pressure systems the same kind of traps may be used as with 
vacuum systems, except that they must be constructed for the pressure 
used. If the air is to be eliminated at the return header of the unit, a 
high pressure air valve can be used; otherwise the air may be passed with 
the condensate through the high-pressure return trap, with some danger of 
return pipe corrosion and the problem of its elimination at some other 
point in the system. 

Application 

Unit heaters are used principally for commercial and industrial appli- 
cations such as display rooms, garages, factories, factory offices and to 
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some extent for office applications where appearance is not a major factor. 

Unit heaters may be adapted to a number of industrial processes, such 
as drying and curing, with which the use of heated air in rapid circulation 
with uniform distribution is of particular advantage. They may be used 
for moisture absorption, such as fog removal in dye houses, or for the 
prevention of condensation on ceilings or other cold surfaces of buildings 
in which process moisture is given off. When such conditions are severe, 
it is necessary that the heaters draw air from outside in enough volume to 
provide a rapid air change and that they operate in conjunction with 
ventilators or fans for exhausting the moisture-laden air. (See discussion 
of Condensation in Chapter 4.) 

There are three major factors to consider in the application of unit 
heaters, as follows: 

1. Location of Unit. 

2. ’ Air Distribution. 

3. Heating Medium. 

Heaters may be distributed through the central portions of a room 
discharging toward exposed surfaces, or may be spaced around the walls, 
discharging along the walls and inward as well, especially when there are 
considerable roof losses. 

Suspended type units are located in an elevated position withdrawing 
air from this higher level and discharging the heated air down into the 
working zone. This type of installation is illustrated in Figs. 2 and 3. 
Suspended type units provide excellent temperature distribution. 

In closely occupied spaces where direct air drafts into the working zone 
are not permitted, the floor mounted unit will give more uniform tem- 
perature distribution. These units draw the cold air from the floor and 
discharge the heated air above the working zone. 

In general, it is better to direct the discharge from the unit heaters in 
such fashion that rotational circulation of the entire room content is 
set up by the system rather than to have the heaters discharge at random 
and in counter-directions. 

Various types and makes of unit heaters are illustrated in the Catalog 
Data Section of this edition. Usually hot blasts of air in working zones 
are objectionable, so heaters mounted on the floor should have their 
discharge outlets above the head line and suspended heaters should be 
placed in such manner and turned in such direction that the heated air 
stream will not be objectionable in the working zone. In the interest of 
economy, however, the elevation of the heater outlet and the direction 
of discharge should be so arranged that the heated air shall be brought as 
close to the head line as possible, yet not into the working zone. In 
general, the higher the elevation of the imit, the greater the volume and 
velocity required to bring the warm air down to the working zone, and 
consequently, the lower the required temperature of the air leaving the 
unit. 

Low or high pressure steam as well as hot water are generally used 
in unit heaters. Direct-fired units are also available. Superheated steam 
can be satisfactorily used in unit heaters provided the capacity is based 
on saturated steam temperature and not on the total temperature. If 
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unusually high superheat is used, trouble may be experienced from the 
excessive expansion and contraction of the heating elements. 

Electric, Direct-Fired, and Turbine-Driven Units 

The foregoing discussion relates generally to units in which steam or 
hot water is used as the heating medium. Electric unit heaters are applied 
where electric power is abundant and cheap and where other forms of 
fuel are scarce and expensive. The low first cost, easy control, and 
inexpensive installation of this type of heating have also accounted for 
many other installations in which electricity^ has conveniently provided 
heat for short periods of time. (See Chapter 44.) 

A recent development in gas burning equipment is the direct-fired 
industrial unit heater. ^ These heaters are of the warm-air type and are 
equipped with fans which cause the air to pass over the heating surfaces 
at a fairly high velocity and then direct the warm air into the space to be 
heated. As is the case with the steam-fed unit heaters, the gas-fired 
appliances may be used for heating stores, shops, and warehouses. They 
usually are suspended in the space to be heated and in most instances 
leave the entire floor and wall area free for commercial use. Partial or 
complete automatic control also may be secured on appliances of this 
type. This type of heater is often used for temporary heat during building 
construction or where the installation of a steam or hot water plant is for 
some reason not justified. For permanent installations, it is usually 
advisable to provide an exhaust duct from the gas-fired unit heaters to 
remove products of combustion from the occupied space. While this is 
not necessary in large open industrial plants, in smaller closed rooms, 
it becomes essential. 

Where high pressure steam is available it is sometimes used to drive a 
steam turbine direct-connected to the unit heater. The exhaust from this 
turbine, reduced in pressure, is then passed into the heating coil where it is 
condensed and returned to the boiler. 

UNIT VENTILATORS® 

Unit ventilators are similar in principle to unit heaters since ventilators 
incorporate an encased heating surface through which outside air is 
forced by means of a blower or fan and may or may not have provision for 
recirculation of air. While unit heaters are largely used for commercial 
and industrial applications, unit ventilators are intended primarily for 
schools, offices, and semi-commercial establishments. A typical unit 
ventilator is illustrated in Fig. 8. 

Specifications 

Unit ventilators usually consist of a semi-decorative cabinet containing 
the following necessary or optional parts: 

1. Outside air inlet. 

2. Inlet damper for closing the opening to the outside air inlet when the unit is not 
in use. 


*A roof ventilator is sometimes termed a unit ventilator. For information on roof ventilators, see 
Chapter 42. 
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3. Adhesive or dry type filters for cleaning the air (optional). 

4. A heating element usually of special design and intended for low pressure steam. 

5. Motor and fan assembly. 

6. Mixing chamber where warm and cold air streams are brought together. 

7. Outdoor air inlet and recirculating air mixing damper (optional). 

8. Discharge grille or diffuser. 

9. Temperature control arrangement. 

Functions and Features 

The primary functions and features of a unit ventilator are : 

1. To supply a given quantity of outdoor air for ventilation or to mix indoor and 
outdoor air. (See A.S.H.V.E. Ventilation Standards, Chapter 47.) 

2. To warm the air to approximately the room^ temperature if the unit is intended for 
ventilation only, or to a higher temperature if it is intended to take care of all or a part 
of the heat transmission losses from the room. 



Fig. 8. Typical Unit Ventilator Showing One of Many Arrangements 
OF Dampers and Heating Coils 


3. To control the temperature of the air delivered so as to prevent both cold drafts 
and overheating, (See Chapter 34.) 

4. To deliver air to the room in such a manner that proper distribution is obtained 
without drafts. 

5. To recirculate room air for the purpose of heating or promoting comfort when venti- 
lation is unnecessary. (Ordinances should be consulted.) 

6. To perform all its functions without objectionable noise. 

7. To clean the air properly. 

In general the features of this type of unit are quite similar to those 
given for unit heaters. 

Ratings 

Unit ventilators are customarily furnished with two ratings, one 
established by anemometer readings and the other by condensation. The 
latter is for standard air. For the former, capacities vary from 750 to 
10,000 cfm. Each size may be equipped with radiators for various rates 
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is practically possible. The following notes will serve as a guide for these 
selections: 


1. The barometric pressure, represented by Bq, is the actual pressure at the site of the 
chimney and not the pressure reduced to sea level datum. 

In general, the barometric pressure decreases approximately 0.1 in. of mercury per 100 
ft increase in elevation. 

2. The unit weight of a cubic foot of chimney gases at 0 F and sea level barometric 
pressure is given by the equation: 

Wc = 0.131 COs + 0.095 O 2 + 0.083 (3) 


In this equation CO 2 , O 2 and N 2 represent the percentages of the parts by volume of the 
carbon dioxide, oxygen and nitrogen content, respectively, of the gas analysis. For 
ordinary operating conditions, the value of Wc may be assumed at 0.09. 

The density effect on the chimney gases due to superheated water vapor resulting 
from moisture and hydrogen in the fuel, or due to any air infiltrations in the chimney 
proper are disregarded. Though water vapor content is not disclosed by Orsat analysis, 
its presence tends to reduce the actual weight per cubic foot of chimney gases. 

3. The atmospheric temperature is the actual observed temperature of the outside air 
at the time the analysis of the operating chimney is made. The mean atmospheric 
temperature in the temperate zone is approximately 62 F. 


4. The chimney gas temperature decreases from the breeching connection to the top of 
the stack. This drop in temperature depends upon the material and construction of the 
stack,- its tightness or freedom from leaks, its area, its height, and the velocity of the 
gases through it. The same chimney will suffer different temperature losses depending 
upon the capacity under which it is working and the variable atmospheric conditions. 
No general equation covering all these variables has been suggested, but from observa- 
tions on chimneys varying in diameter from 3 to 16 ft and in height from 100 to 250 ft 
the following equation was deduced 2; 


where 




(4) 


Ti = absolute temperature at the center of the connection from the breeching, 
degrees Fahrenheit. 

Hh = the height of the stack above center line connection to breeching, feet. 


5. The coefficient of friction between the chimney gases and a sooted surface has been 
taken by many workers in this field as a constant value of 0.016 for the conditions in- 
volved. This value, of course, would be less for a new unlined steel stack than for a 
brick or brick-lined chimney, but in time the inside surface of all chimneys regardless of 
the materials of construction becomes covered with a layer of soot, and thus the coef- 
ficient of friction has been taken the same for all types of chimneys and in general 
constant for all conditions of operation. For reasons of simplicity and convenience to 
the reader, this constant value of 0.016 has been employed in the development of the 
various special equations and charts shown in this chapter. 

In important chimney design, especially when the construction or the materials are 
unusual, it is recommended that use be made of Reynolds number® in determining the 
friction factor, /. 

6. The length of the friction duct is the vertical distance between the bottom of the 
breeching opening and the top of the chimney. Ordinarily this distance is approximately 
equal to the height of the chimney above the grate level. 

7. Assuming no air infiltration the amount of gases flowing and being discharged is, 
of course, equal to the amount of gases generated in the combustion chamber of the 


*Notes on Power Plant Design, by E. F. Miller and James Holt (Massachusetls Institute of Technology, 
1930). 

*For more complete discussion see Flow of Fluids in Closed Conduits, by R. J. S. Pigott (Mechanical 
Engineering, August, 1933). 
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Substituting in Equation 4: 

Ht = 24,000 + 0.24 X 0.075 X 60 X 1000 (70 - 0) = 99,600 Btu per hour 


0.24 X 0.075 X 60 X 1000 


+ 70 = 92.2 F. 


When part of the air handled by the unit is taken from the room and the 
remainder from the outside, 

Ht = 0.24 IFo (^ - io) + 0.24 Wi (ty - t) (5) 

where 

Wo = weight of air, pounds per hour taken from out-of-doors. 

Wi — weight of air, pounds per hour taken from the room. 

TFo = do 60 Qo (6) 

Wi = di 60 Qi (7) 

where 

do = density of air, pounds per cubic foot at temperature to. 

di = density of air, pounds per cubic foot at temperature 

Qq = volume of air taken in from the outside, cubic feet per minute. 

Qi = volume of air taken in from the room, cubic feet per minute. 

H 

^ “ 0.24 {Wo + Wi) ‘ 

Ht = S + OM do 60 Qo (< - <o) (9) 

Equations 5, 6, 7, 8, and 9 may be used in the same manner as is 
illustrated above for Equations 1, 2, 3, and 4. It may be noted in Equa- 
tion 9, representing the total heat requirements, that as the quantity 
Qo is diminished the heat requirements for the unit diminish very 
materially. 

In Example 1, if the quantity of air taken in from the outside is reduced 
to zero, or all of the air handled by the unit is recirculated, the total heat 
requirements Ht reduce from 99,600 to 24,000 Btu per hour, or to about 
one fourth. Such a unit handling one third of its air volume from the 
outside and two thirds from the room would show a total heat require- 
ment of 24,000 + = 69,200 Btu per hour. Units 

designed and operated on this principle show an average heat requirement 
and, therefore, a boiler capacity requirement of less than 50 per cent of 
that required for units taking all their air from the outside. 

If all of the air is recirculated, the total heat required is the same as the 
heat loss of the room, or 

Ht « fr = 0.24 TF (/y - t) (10) 

If the heat loss of the room is to be taken care of by the direct heating 
surface, the unit ventilators will be required to warm the air introduced 
for the ventilating requirements. Therefore: 

fiv “ 0.24 W(ty- (11) 

In this case ty should be equal to or slightly higher than /. If the unit 
ventilator were of such capacity as to exactly provide for the ventilating 
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requirements, the direct radiation would be selected on the usual basis. 
However, it is necessary to employ a unit which may not exactly meet the 
ventilating requirements, since standard units are usually rated in terms 
of the volume of air that will be delivered at a certain temperature ty for 
an initial temperature of /o* Therefore a certain amount of heat (ilh) 
niay be available from the unit ventilator for heating purposes, as pre- 
viously stated, and the amount of equivalent direct heating surface may, 
if desired, be deducted from the amount required for heating the room. 

Applications 

Items to be considered in the application of unit ventilators include 
the following: 

1. Combination with other means of heating. 

2. Location of units. 

3. Method of venting. 

In a split system the unit is used primarily for ventilation. Air is 
delivered to the room at very near the room temperature, and enough 
separate direct heaters are placed in the room to warm it to the desired 
temperature, independently of the unit. Their principal advantage lies 
in offsetting the cooling effect of window and wall surfaces long before 
these can be heated to room temperature and in retaining heat for this 
purpose after the ventilation is shut down. 

Where the unit ventilator selected has a capacity more than sufficient 
to warm the air needed to meet the ventilating requirements, a corre- 
sponding reduction may be made in the amount of direct heating surface 
installed. The greater the amount of excess capacity of the unit, the 
more efficient will be the temperature regulation of the room. The split 
system permits the heating of the room during failure of electric current, 
since the direct radiators will furnish heat, but it permits a careless oper- 
ator to avoid operating the ventilating equipment. 

A combined system employs the unit ventilator alone, its capacity 
being sufficient both for ventilation and for supplying the heat loss. 
Direct heating surface is omitted altogether. It becomes necessary then 
that the fan be running whenever the room is to be heated but this also 
gives assurance of ventilation, especially if automatic dampers are used 
in the air intake from out-of-doors and in the recirculating intake arranged 
so as to give a certain quantity of air from the outside (commensurate 
with weather conditions) whenever the unit is operating and after the 
room is heated. The cost of installation of a combined system is usually 
less than that of a split system and there is less danger of overheating, 
but if the electric energy fails there will be practically no heating. 

The location of the unit ventilator in a room is important. Wherever 
possible it should be placed against an outside wall. It is difficult to 
obtain proper air distribution if the unit is erected either on an inside 
wall or in a corner of the room. Standard units discharge the air stream 
upward, but for special cases units may be installed to discharge air 
horizontally. Units may be set away from the wall or partially recessed 
into the wall to save space without materially affecting the results. The 
air inlet may enter the cabinet at the back at any point from top to 
bottom 
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The size and location of the vent^ outlet is important. In many cases 
the sizes for public buildings are regulated by law, but the location of the 
vents generally is left to the discretion of the engineer. 

Best results have been obtained with a velocity through the vent 
openings nearly equal to that at which the air is introduced into the room, 
thus maintaining a slight pressure in the room. Calculated velocities at 
the vent openings of from 600 to 800 fpm produce the best diffusion 
results from this system. 

The cross-sectional area of the vent flue itself may be figured on the 
basis of 15 sq in. of flue for each 100 cfm. Thus the vent flue area of a 
flue for a room equipped with one 1200 cfm unit ventilating machine 
would be 180 sq in. The area of vent flue opening from the room may be 
figured on the basis of 25 sq in. per 100 cfm. 

In school buildings provided with wardrobes or cloakrooms the vents 
may be so located that the air shall pass through these spaces, heating and 
ventilating them with air which otherwise would be passed to the outside 



Fig. 9. Typical Window Ventilator 


without being used to the best advantage. Many state codes for venti- 
lation of public buildings make this arrangement mandatory. 

There has been much controversy over the use of corridor ventilation 
in school building practice, one group holding the view that when each 
classroom has a separate vent flue there is a minimum fire risk and less 
likelihood of cross-contamination, while others emphasize the economy 
features of the corridor discharge and minimize the fire contamination, 
and other hazards. 


WINDOW VENTILATORS 

A window ventilator consists of filters and motor driven fans enclosed 
in a cabinet to be mounted on the window sill of homes or offices. These 
units accomplish ventilation, air cleaning, and air circulation. The 
direction of air discharge is manually adjustable for seasonal operation. 
Fig. 9 illustrates a unit of this type. 


'A.S.H.V.E. Research Report No. 936 — Investigation of Air Outlets in Class Room Ventilation, by 
G. L. Larson, D. W. Nelson, and R. W. Kubasta (A.S.H.V.E. Transactions, Vol. 38, 1932, p. 463). 

A.S.H.V.E. Research Report No. 1017 — ^Air Supply to Classrooms in Relation to Vent Flue Openings, 
by F. C. Houghten, Carl Gutberlet, and M. F. Lichtemels (A.S.H.V.E. Transactions, Vol. 41, 1935, p. 279). 
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to heat it until some of the water is vaporized into the air stream. This 
type of unit is usually used in the same range of capacities as the spray 
type described previously. 

A third type of unit humidifier used extensively is the larger spray 
type of unit to deliver enough humidifying capacity for a residence. In 
this type of unit either the water or air is heated. Fig. 11 illustrates 
a typical unit of this type. These units usually include air filters and in 
some cases provide ventilation air by means of an outside air duct connec- 
tion to the unit. The units are available for either floor or ceiling mounting 
and are usually placed in a central location in the basement with short 
supply and return duct connections from the first floor. Room air is 
brought into the unit through the return duct connection and first passes 
over a tempering coil heated by steam or hot water, then is humidified by 
passing through some type of spray humidifier. Surplus moisture is 
removed by an eliminator and the humidified air is delivered to the room 
through a duct connection. Since a large percentage of the tempering coil 
capacity is transformed into latent heat during the humidifying process, 
the unit does not generally eliminate any existing steam radiation but 
does tend to improve comfort conditions by supplying heating during the 
off-period of furnace operation. 

For a complete discussion of the principles of the various methods of 
humidification, refer to Chapter 27. 
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UNIT AIR CONDITIONERS, COOLING UNITS, 
ATTIC FANS 


Unit Air Conditioners, Functions, Types, Application, Cooling 
Units, Attic Fans 

A UNIT is an assembly of the functional elements indicated by its 
name, such as air conditioning unit, room cooling unit, etc. A unit 
of this type may be complete in itself employing its own direct means of 
air distribution and source of refrigeration or heating, in which case it 
represents a complete self-contained unit. Or it may be coupled with 
separate means of refrigeration and air distribution, in which case it will 
still be considered a unit system in comparison with customary field 
fabricated central station systems. 

The code. Standard Method of Rating and Testing Air Conditioning 
Equipments defines the various types of unitary equipment: 

1. K Cooling Unit is a specific air treating combination consisting of means for air 
circulation and cooling within prescribed temperature limits. 

2. An Air Conditioning Unit is a specific air treating combination consisting of means 
for ventilation, air circulation, air cleaning and heat transfer with control means for 
maintaining temperature and humidity within prescribed limits. 

3. A Cooling Air Conditioning Unit is a specific air treating combination consisting 
of means for ventilation, air circulation, air cleaning and heat transfer with control 
means for cooling and maintaining humidity within prescribed limits. 

4. A Self-Contained Air Conditioning or Cooling Unit is one in which a condensing 
unit is combined in the same cabinet with the other functional elements. Self-contained 
air conditioning units are classified* according to the method of rejecting condenser heat 
(water cooled, air cooled, and evaporatively cooled), method of introducing ventilation 
air (no ventilation, ventilation by drawing air from outside, ventilation by exhausting 
room air to the outside, or ventilation by a combination of the last two methods), and 
method of discharging air to the room (free delivery or pressure type) . 

5. A Free Delivery Type Unit takes in air and discharges it directly to the space to be 
treated without external elements which impose air resistance. 

6. A Pressure Type Unit is for use with one or more external elements which impose 
air resistance. 


UNIT AIR CONDITIONERS 

This equipment takes the form of an encased assembly including the 
apparatus necessary to perform either some or all of the functions of 


'Prepared by a Joint Committee of the American Society of Rtfrigeraiing Engineers ^ American Society 
OF Heating and Ventilating Engineers, Refrigerating Machinery^ Associaiiont National Electrical Manu- 
facturers* Association and Air Conditioning Manufacturers' Association* 

’Standard Method of Rating and Testing Self-Contained Air Conditioning Units for Comfort Cooling 
prepared by a Joint Committee of the American Society of Refrigerating Engineers, American Society 
OF Heating and Ventilating Engineers, R^igerating Machinery Association, National Electrical Manu^ 
facturers' Association, and Air Conditioning Manufacturers' Association. 
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cooling, dehumidifying, filtering, ventilation, air circulation, heating, and 
humidifying. Control of the air conditions is provided by manual 
switches, automatic devices or a combination of the two. The controls 
are usually mounted on the units. 

The various elements required to produce the effects on the conditioned 
air are discussed herewith under separate headings. 

Heating 

Heating in the air conditioning unit is ordinarily accomplished by a 
heating coil of the non-ferrous finned tube type supplied with either steam 
or hot water. The steam or hot water is supplied from an external source. 

In some cases the heating element may be an electric heater. Where 
electric power is low in cost, air conditioning units may provide heat from 
encased or open strip heaters (see Chapter 44). Radiant electric heaters 
are seldom used except as their radiant heat is absorbed by some receiving 
wall and then transmitted to the air in the form of convected heat. 

Humidifying 

Humidifying the air requires a source of heat which may be supplied 
by applying heat directly to the humidifier water, by applying heat to 
the air to be humidified, or by picking up heat directly from the air. 

The oldest and best known method of humidifying air is by means of 
a spray. The simplest system is that in which the spray water is furnished 
from a constant water source, and the excess is permitted to run to waste. 
The spray effect may be accomplished either by a direct atomizing type 
which breaks the water down into fine particles by passing it through 
nozzles, or the water may be directed in a fine jet to a flat surface or 
target. In these methods some of the sensible heat of the air is trans- 
formed into latent heat. These methods are normally inefficient in the 
use of water. In some cases, the spray is impinged against a heated 
surface, thereby evaporating some of the water to increase the humidi- 
fying capacity. While this is practical in some instances, there is always 
the danger of scale formation where hard water is employed. A direct 
steam spray is used in industrial applications but is seldom used in air 
conditioning units for comfort work due to the resulting odors. 

A popular method is to use a drip humidifier. In this type, the water 
flow is controlled by a solenoid valve and the water is poured into a 
pan. The pan contains a series of small holes through which the water 
passes and drips over a built-up section of galvanized screening. The 
air passes through the screens and picks up moisture. 

Another method of humidifying is the evaporative pan type. This is 
used in comfort conditioning units and consists of a container offering as 
much water surface as possible and equipped with means of heating 
the water. The heat may be applied either electrically, by steam, hot 
water, or by circulation of the water from a heated space through the 
evaporating pan. Since the humidification is accomplished by surface 
evaporation only, if low pressure steam or hot water is used, it is essential 
that the air stream be directed across the surface and that the evaporating 
surface be large. The evaporative pan type of humidification limits the 
water wastage and is usually supplied with water through a float valve. 
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Due to the collection of salts in this evaporating pan such humidifying 
systems require occasional drainage and cleaning. 

Other methods of humidification attempted in air conditioning units 
are through the use of wetted fabrics, porous earthenware plates, or other 
capillary surfaces. These methods rely upon the capillary absorption of 
the moisture from the liquid level into the portion exposed to the air. 
They have a tendency to lose their effectiveness due to the resulting 
deposit of mineral salts at the evaporating surfaces thereby clogging the 
pores and reducing the contact of the air with the water. Also they 
frequently become foul and often support bacterial growth. 

Cooling and Dehumidifying 

The cooling and dehumidifying effects on air are produced either 
simultaneously as in the case of a direct expansion cooling coil, or sepa- 
rately as in the case of an adsorption process and separate cooling coil. 

In conditioning units, the use of surface cooling is probably the most 
common method of producing reduction in dry-bulb temperature of the 
air and dehumidification simultaneously. The type of surface employed 
may be cast or fabricated from tubes. In present day practices finned 
tubes or plate fins through which tubes are passed form the most generally 
used cooling surface. The detailed fabrication of this surface and the 
arrangement of the tubes will depend largely upon the type of refrigerant 
for which it is intended. 

The simplest construction is that in which chilled water or brine is used 
as the refrigerating medium. With direct expansion refrigerant it is 
usually necessary to provide a special arrangement of headers so that 
proper distribution of refrigerant through all the surface is obtained. In 
some cases, ordinary brine coils can be used when operated as a flooded 
refrigerant system. In some units a combination of a direct spray and a 
refrigerant surface is used, the spray being directed against the surface. 
Such systems claim the advantage of air washing together with the 
maintenance of a clean and effective cooling coil. 

When surface coolers are used, adequate protection in the form of filters 
or at least lint screens are necessary to prevent fouling of the surface 
from the air borne dirt. Surfaces not so protected frequently become 
completely matted with lint, grease, and similar dirt. 

The sources of refrigeration used with these surface type conditioning 
units are discussed in Chapter 25. However, they may be divided into 
the following groups : 

1. Direct expansion refrigerant in which the liquid refrigerant is evaporated within 
the coils of the unit. The vapor from these coils may be recompreped in centrifugal, 
rotary, or reciprocating type compressors, and the refrigerant again returned to the 
-evaporator coil. 

2. Indirect refrigeration by means of: 

a. Cold well water. 

b. Cold city water. 

c. Artificial refrigerated water provided by direct expansion of refrigerant in a 
water cooler, direct steam jet refrigeration, or by the melting of ice. 

Another direct means of cooling and dehumidification is through the 
nise of ice. In such units the ice is brought into as intimate contact as 
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possible with the air handled. Provision is made for the removal of the 
moisture as rapidly as it is formed from the melting of the ice. Ice is also 
used to cool water which is circulated through the sprays. 

Other methods of dehumidification accomplished by direct contact 
with the transfer medium are by means of the so-called adsorption and 
absorption systems. (See Chapter 24.) It must be recognized that 
these methods of dehumidification do not in themselves provide cooling. 
The substance removes the water vapor from the air thereby heating it. 
This highly dehumidified air may then be cooled either by partial 
dehumidification or by direct contact with a cooling medium of cold 
water or direct expansion refrigerant. 

Filtering 

The filtering or air cleaning function of an air conditioning unit is 
accomplished in a variety of ways depending upon the amount of filtering 
requir^. In unit systems where filtering alone is considered satisfactory, 



Fig. 1. Self-Contained Room Type Air Conditioning Unit for Cooling 

the degree of filtering varies widely and in proportion to the actual needs. 
If the air is chiefly recirculated with but little outside air used for venti- 
lation, filtering requirements are largely limited to keeping the coils in 
a clean and operable condition. Thus such units are frequently furnished 
with simple lint screens of low resistance and formed of moderately close 
meshed wire. Where outside air is used for ventilation, more complete 
filtering of dust particles is necessary and for this purpose, there are a 
large number of filters available on the market. Some of these filters are 
of the so-called throw-away type, constructed of inexpensive material so 
that when they become dirty or clogged they may be thrown away and 
replaced with new ones. All of these filtering methods are described in 
detail in Chapter 29. 

Ventilating 

The ventilating function or introduction of outdoor air is an important 
consideration in air conditioning units for comfort cooling. While a unit 
that recirculates all its air capacity is still considered an air conditioning 
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unit, the better type system provides for the introduction of a certain 
proportion of outdoor air. In some instances one of several units may 
operate entirely on outside air, while in other cases only a portion of the 
air handled by the unit is drawn from out-of-doors. In such cases a 
damper is provided either in the unit or in the duct connections for con- 
trolling the proportion of outdoor air. 

Types of Units 

Several types and designs of air conditioning units are available for 
selection. New designs are constantly appearing, with new improve- 
ments, greater capacities, wider range of application, and superior 
construction. Air conditioning units may be classified into the fol- 
lowing types: 

1. Self-contained air conditioning units. 

a. Room air conditioners for mounting either on the floor or window sill. The 
condensers are either air, water, or evaporatively cooled. 

b. Store air conditioners for mounting either inside the conditioned space and 
discharging air directly from the unit, or located outside the conditioned space 
with ducts connected to the unit. The condensers in this type of unit are water 
cooled. 

2. Remote air conditioning units. These may be either the suspended type or floor 
type. Design of the floor type of unit varies depending upon the type of application. 
Units for multiple installation in office buildings or hotels, units for individual offices, 
and commercial refrigeration units are some of the varieties manufactured. 

The self-contained room air conditioning units are finished in deco- 
rative cabinets to harmonize with the interiors of residences or offices. 
For the operation of this unit It is only necessary that it be located 
adjacent to a window or shaft to which air connections can be made and to 
plug in the motors to a convenient light socket. A unit of this type is 
illustrated in Fig. 1. In this particular unit, the conditioned air enters 
on the side, passing through a grille, filter, and cooling coil, and is de- 
livered vertically to the room through a special motor and fan assembly. 
Refrigeration is furnished by a reciprocating compressor driven from a 
motor located in the base. This compressor utilizes an air cooled con- 
denser. Air is drawn into the base by a fan mounted on the compressor 
motor, so arranged that the air passes through the refrigeration condenser 
and is again discharged out through the window connection. A novel 
feature of this design is that the condensate from the cooling coil is 
sprayed over the condenser surface and there vaporized, thus eliminating 
the need for drain connections. One advantage of this type of con- 
ditioning unit Is that it may be removed from the occupied space during 
the winter season when cooling is not needed. 

Other self-contained room air conditioners are available with water 
-cooled or evaporatively cooled condensers. In the water cooled tinit, a 
water connection and drain must be made to the unit, thus reducing the 
mobility of the unit. The evaporative cooled condenser model also 
requires a small water connection to supply the necessary water to 
evaporatively cool the condenser. 

Self-contained room air conditioners have been made in sizes from 34 to 
134 hp- The 34 and % hp sizes are usually window type units with air 
-cooled condensers. 
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Self-contained air conditioning units for stores and other commercial 
establishments have achieved prominence in the last few years. These 
units range in capacity from 1 to 15 hp. The equipment is enclosed in 
steel casings and in sizes up to 10 hp is finished to harmonize with the 
interior of commercial establishments. The units use water cooled 
condensers and are designed for floor mounting. Units in sizes up to and 
including 5 hp usually include air distributors to discharge the air directly 
into the conditioned space, thus eliminating the cost of duct work. The 
air distributors are adjustable to direct the air flow in such a manner to 
provide even air distribution in the space being conditioned. These units 
may use 100 per cent recirculated air or may supply quantities of ventila- 
tion air by means of a duct connected from outdoors to the inlet of the unit. 



Fig. 2. Self-Contained Store Type Air Conditioning Unit 


Self-contained store units above 5 hp are usually located adjacent to 
the conditioned space and ducts connected from the unit to outlets in the 
conditioned space. This is necessary because it is not usually possible 
to evenly distribute the large volumes of air handled by these units from 
a single air distributor. The larger units are therefore not as decoratively 
finished since they are placed outside the conditioned space. 

Another problem in the design of these units is to provide a means of 
removing the heat of compression and the heat of the motor from the 
unit. This may be done by a small water cooled cooling coil placed 
inside the condensing unit compartment. The same water is passed 
through the water cooled condenser. In the larger sizes, the enclosure 
around the condensing unit is perforated or screened so that the ambient 
air removes the condensing unit heat. This is possible since the units 
are placed outside the conditioned space and appearance of the unit is 
not a major factor. A third method used with units located in the 
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conditioned space is to pass some of the recirculated air through the 
condensing unit compartment then up into the air conditioned section. 
This method reduces the net cooling eiJect of the unit since some of the 
cooled air is used to remove heat from the condensing unit enclosure. 

Store units usually provide for the inclusion of heating coils and humidi- 
fying equipment as optional equipment where winter ventilation and 
circulation are desired. 

A typical self-contained store air conditioning unit is illustrated in 
Fig. 2. In this particular unit the air enters a grille located at the front 
of the unit, passes through a filter, and is discharged by a blower through 
a cooling and heating coil to an adjustable discharge distributor. The 
air is delivered in a manner to insure good distribution without being 
directed at the occupants. In some designs the air may be discharged 


AIR 



Fig. 3. Vertical Remote Type Air Conditioning Unit, Year Ground 

from the sides of the unit as well as from the front. The refrigerating 
effect is furnished by a reciprocating compressor belt connected to a 
motor, all mounted on a resilient base to reduce vibration. The heat 
dissipated by the condensing unit is generally removed by water cooling. 
Panels are removable for servicing and replacement of filters. The motor 
starter and other controls are mounted inside the enclosure and the unit 
may be operated either as a cooling unit or circulating unit by using the 
manual switches mounted on the side panel, or it may be automatically 
controlled by means of a thermostat. 

Remotely located air conditioning units vary widely in details of 
construction and are different from the self-contained type of unit in 
that the sources of refrigeration or heating are not enclosed in the unit. 

The vertical floor type remote unit shown in Fig. 3 consists of a fan 
section, housing one or more fans, mounted on a coil section in which 
are located a heating coil and a cooling coil, which may be built for 
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either direct expansion refrigerant, chilled water, or brine. These two 
sections are supported on a third or drip pan section. The distributing 
duct system is attached to the fan outlets and return and outside air con- 
nections are made to the drip pan. A filter box is illustrated attached to 
the drip pan section. 

A horizontal remote type of air conditioning unit is illustrated in Fig. 4. 
This unit is similar in construction and operation to the vertical type 
explained previously. In the smaller sizes this type is installed in the 



Fig. 4. Horizontal Remote Type Air Conditioning Unit, Year Ground 



Fig. 5. Suspended Propeller Fan Type Cooling Air Conditioning Unit 

conditioned space discharging the air directly from an air distributor. 
A common type of suspended unit for exposed location utilizing a propeller 
type fan and suitable for summer conditioning only is illustrated in 
Fig, 5. Such units are equipped with either a direct expansion coil or 
one for chilled water or brine circulation. The outer cabinet is made 
of wood-grained steel or baked enamel and is insulated from the cool 
air chamber to prevent external condensation. The drip from the coil is 
collected in an insulated drip pan and carried to a drain. The inlet to the 
unit is provided with a lint screen to protect the cooling surface. Such 
units are normally used for recirculation only but may be connected for 
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ventilation through short full-size ducts. Similar units are available 
with twin housed fans of the same general construction, although usually 
such fans draw the air instead of blowing it through the coils. 

A spray type remote conditioning unit is illustrated in Fig. 6, This 
spray type unit, which is similar to the arrangement given in Fig. 3, 
provides for the complete washing of the air and the cooling coil. For 
winter operation the spray provides means for humidification. The units 
may be obtained with by-pass dampers as shown in Fig. 6, to provide 
control of cooling in summer and humidification in winter. The spray 
type unit without the cooling coil may be used for humidification and 
heat control. This type of air conditioning unit is used in industrial 
process air conditioning as well as for comfort air conditioning. 

All of these types of remote air conditioning units are usually located 
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Fig. 6, Spray Type Remote Air Conditioning Unit 

outside the conditioned space with duct work from the unit to the con- 
ditioned space and are used mostly in commercial application. 

Another type of remote room air conditioner is the type used for 
multiple installations in office buildings or hotels. An all-year-round 
floor type remote heating and cooling unit for an exposed location and 
with direct expansion coil supplied with refrigerant from a^ remotely 
located compressor is shown in Fig. 7. A cooling coil for use^ with chilled 
water may be substituted for the direct expansion coil indicated. The 
fans below the separate cooling and heating elements deliver the air 
against deflectors thereby obtaining distribution across the face of the 
element and preventing condensate from dripping down into the fans. 
The plate upon which the fans are mounted serves as the drip pan from 
which the water is conducted to the drain. Separate elements are used 
for heating and cooling without manual control- When the unit is used 
for summer conditioning only, the heating coil may be omitted. The 
illustration indicates an evaporative type humidifier and drain pan. 
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Other units are available in which a target spray humidifier is substituted 
for the evaporative type thereby supplying humidification in winter for 
application in rooms with other existing heat sources. However, this 
spray will not provide a great deal of humidification unless the water 
or air passing through the unit is heated. 

Still another remote type of unit is available in which the fans are 
mounted at the top of the unit delivering directly through a grille and 
drawing their air supply through the cooling and heating coils. Other 
variations in proportion and details of construction of this general 
arrangement are common. With this type of unit, ventilation is usually 
provided by means of a separate duct connected to the inlet of the unit. 

An entirely different arrangement of the remote air conditioner for 
multiple installation is shown in Fig. 8. This places both the air inlet and 
the discharge at the top of the unit. The fan at one side discharges the 
air downward to the bottom where it turns and passes horizontally 



Fig. 7. Floor Type Remote Room Air Conditioning Unit for 
Heating and Cooling 

through an atomizing spray air washer. The path then continues upward 
through eliminators, a cooling surface and a heating surface before it 
leaves the unit. With steam or hot water connected to the heating 
element, this unit ^ves controlled temperature, humidity, air cleaning, 
and air movement in both summer and winter. Excess water is run to 
waste. Acoustical treatment of the housing and outlet baffles permits 
installation where noise requirements are exacting. 

Application 

In the application of unit air conditioners it is important to consider 
the following points: 

1. Location of the unit. 

2. Air distribution. 

3. Use of multiple units in lieu of a central plant system. 

4. Self-contained units vs. remote air conditioners. 

5. Water usage of self-contained units and methods of water conservation. 
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In locating air conditioning units, the characteristics of the con- 
ditioned space, the building construction, the type of system employed, 
the duct connections, the accessibility of the unit for servicing, as well 
as the sources of power, water, refrigeration, heating, and drain connec- 
tions should be considered. 

Locating units in the conditioned space demands serious attention to 
insure proper air distribution. If ventilation air is required, or if the 
condenser of a self-contained unit is of the air cooled type, the proximity 
to a source of outdoor air should be considered when locating the units. 
Self-contained units with water cooled condensers should be placed close 
to the water supply and drain, and care must be exercised that the 
ambient temperature is never below 32 F to prevent freezing the 
water in the condenser. It is, of course, important to locate the unit so 
that panels may be easily removed so that parts are easily accessible in 
case of trouble. 



Fig. 8. Remote Type Room Air Conditioning Unit with Top Inlet and Outlet 

Location of the remote type of unit also requires consideration of the 
source of refrigeration or heating. In the smaller sizes these units are 
placed in the conditioned space. The larger sizes are frequently located 
externally to the occupied and conditioned space and are connected 
thereto by means of delivery and return ducts. Such an arrangement 
permits the location of the conditioning unit convenient to either the 
source of refrigeration or outside air or both. It frequently permits 
the use of the basement or of space less valuable than that on the level 
or floor of the occupied zone. The design then approaches that of a 
Central System^ (see Chapter 21). Oftentimes the same type of unit may 
find application in an exposed position for one job and in a concealed 
location for another. Frequently conditioning units are built into the 
structure or into the architectural design of a room so that they are 
entirely concealed except for the discharge and return grilles which are 
designed so as to correspond to the decorative scheme of the room. 
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must be supplied to the condensing unit enclosure cooling coil, thus 
defeating the purpose of the evaporative condenser to conserve water. 

Ratings 

There are two codes governing the rating and testing of air con- 
ditioning units. The first code. Standard Method of Rating and Testing 
Air Conditioning Equipment®, covers all types of air conditioning units 
except the self-contained type. The latter is covered by the Standard 
Method of Rating and Testing Self-Contained Air Conditioning Units 
for Comfort Cooling^. The two codes are necessary because of the basic 
difference caused by the heat given up by the self-contained units. 

Self-contained air conditioning unit ratings are expressed in the code 
in terms of the effect produced on air such as: 

1. The net total room cooling effect in Btu per hour. This is the actual heat removed 
from the room and is equal to the gross cooling effect less the heat given back to the 
room by the unit. 

2. The net room dehumidifying effect in Btu per hour. 

3. The net room sensible cooling effect in Btu per hour. 

4. The sensible heating effect in Btu per hour. 

5. The humidifying effect in pounds per hour. 

6. The total air capacity in cubic feet per minute of standard air. 

The standard rating basis as given in the code for self-contained units 
is tabulated in Table 1. 

The standard rating basis for air conditioning units is similar to that 
given previously for self-contained units except the relative humidity of the 
entering air is specified as 50 per cent (66.7 F wet-bulb) instead of speci- 
fying the wet-bulb temperature as 67 F and the suction saturated re- 
frigerant temperature is specified as 40 F for comfort cooling since an 
air conditioning unit does not include a condensing unit. The suction 
saturated refrigerant temperature of a self-contained air conditioning 
unit is not given in Table 1 as a basis of rating since this temperature is 
the temperature obtained when the self-contained unit operates as a 
system at the conditions given in Table 1. It is expected that the entering 
air conditions for the standard rating will agree when the code. Standard 
Method of Rating and Testing Air Conditioning Equipment, is revised. 

COOLING UNITS 

Cooling units may be used either in comfort cooling or commercial 
applications. As applied to industrial product conditioning and pro- 
cessing they are similar in construction to unit heaters described in 
Chapter 22 except that the heat transfer surface is supplied with refriger- 
ation instead of heat. They are normally installed within the space to be 
served, or at least closely adjacent thereto. 

Product cooling was originally accomplished by means of stationary 
pipe coils. This was later supplemented with the forced fan bunker 
systems in which air was passed over banks of coils. Today the coils 


*Loc. Cit. Note 1. 
^Loc. Cit. Note 2. 
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and fan are encased in an enclosure and controls are provided to maintain 
an average coil surface temperature. Thus, for any installation, the 
depth of coil, air flow, and face area determine the relation between 
dry-bulb temperature reduction and wet-bulb temperature reduction. 
Occasionally they are provided to receive outside air in which case this 
air is invariably filtered or washed to prevent any possible contamination 
of the product. 

Features of Units 

The principal field for cooling units is in cold storage plants, fur 
storage, fruit packing houses, provision stores, brewery fermentation and 
stock ^ rooms, candy plants, and other industrial process work. In 
replacing bunker and wall coils in meat storage plants, cooling units give 
distinct advantages in compactness, lower first cost and maintenance 
expense, ease of defrosting, freedom from drip and the maintenance of 
sanitary conditions, as well as uniform temperature and humidity under 
variable load conditions. Cooling units by means of their positive air 



Fig. 9. Ceiling Type Cooling Unit 

circulation prevent dead-air spots, frequently objectionable in this 
industry. 

Types of Units 

Cooling units are provided in two major types similar to unit heaters, 
either floor mounted with housed fan, or suspended with propeller type 
fans. Normally, air outlet velocities are lower than for heating, due 
largely to the effect of high velocities on the product. Cooling units are 
normally of the free delivery type although they occasionally are supple- 
mented with duct work to provide more careful air distribution. 

Typical cooling units are shown in Figs. 9, 10, and 11. Fig. 9 indicates 
a suspended type cooling unit which may be designed with or without a 
moisture eliminator. If high air velocities are maintained, an eliminator 
will be necessary to prevent the drops of moisture from being carried 
through with the air. The condensation that occurs is collected in a drip 
pan and removed from the system through a drain pipe. Fig. 10 indicates 
a typical floor-mounted unit of the housed fan type. The illustration 
shows a common form of distributing outlet designed to give low outlet 
velocities together with a controlled distribution. In process work, it is 
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often important that direct air distribution does not impinge on the 
product. Cooling units are normally constructed of galvanized steel or 
non-ferrous material in order to reduce the corrosive effect of their 
constant wetted condition. 

Ratings 

Since cooling units are mostly used in low temperature applications, 
the standard basis of rating is different than for air conditioning units. 
The Standard for Rating and Testing Air Conditioning Equipment 
states that the standard rating shall be based on air entering the cooling 
unit at 45 F dry-bulb and 85 per cent relative humidity, and the suction 
saturated refrigeration temperature shall be 30 F for commercial cooling. 




Fig. 10. Surface Type Cooling Unit Fig. 11. Brine Spray Type Cooling Unit 

Ratings of cooling units may be expressed in Btu per hour, or in tons 
of refrigeration. When ratings at other than standard conditions are 
given, the quantity, temperature, and relative humidity of the entering 
air should be specified, together with the refrigerant temperature within 
the coil. When chilled water or brine is used, the rate of circulation of 
the cooling media as well as its entering temperature should be given. 

Defrosting 

Cooling units are often called upon to operate in rooms where a tem- 
perature below freezing is mmntained and low refrigerant temperatures 
are required. This results in the collection of frost on the heat transfer 
surface which in turn leads to a rapid loss in capacity and requires 
eventual defrosting. Such defrosting is accomplished by the following 
methods : 
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1. When the room is above freezing the source of refrigeration is cut off and the fan 
allowed to operate until the unit has defrosted. 

2. A reversal of the refrigeration system may be provided and the so-called hot gas 
defrosting method used. This is accomplished by reversing the flow of the hot gas so 
that it is delivered directly from the compressor to the evaporator cooling unit. As soon 
as the ice and frost have been melted, the system is again returned to its normal cycle. 

3. Where brine is used as a refrigerant, heated brine may be sent through the cooler 
to remove the ice. 

4. When the room is at very low temperatures, warm air defrosting is sometimes 
used by providing for the admission and removal of warm air from outside the cooled 
space. 

5. The surface may be sprayed with a strong brine solution. 

In order to prevent the collection of frost in low temperature rooms 
where high latent heat loads are present, unit coolers equipped with a 
constant brine spray are frequently used. These are normally of the 
housed fan type similar to Fig. 10, but equipped with a pump for recircu- 
lating brine at intervals to maintain a non-freezing mixture as shown 
in Fig. 11. 

COSTS 

The following factors influence the cost of unit air conditioning in- 
stallations : 

1. Since the cost of the total job involves material cost plus installation labor and since 
through the use of unitary equipment, material costs can be kept to a minimum, every 
effort should be made to simplify installation. 

2. Self-contained units in the small sizes now available, probably represent the lowest 
cost individual installations. They have, however, their limitations. 

3. The floor type all-year-round air conditioning units for the occupied space with 
a remotely controlled compressor, heating sources being either the existing heat system 
or steam connections to the unit, probably afford the lowest cost all-year-round service 
for most individual rooms. 

4. For multiple rooms or offices, the remotely located air conditioning unit with 
remote source of refrigeration probably represents the most economical installation. 
The larger self-contained air conditioners are particularly adaptable to stores, residences 
and small commercial installations. 

Costs of operation vary widely depending upon the cost of power and 
water. Water costs in the larger installations are being materially 
reduced through the use of cooling towers and special types of condensers. 
It is difficult to make any comparison of operating costs of cooling as 
contrasted with heating equipment because the relative operating 
expense depends upon many factors including climatic conditions; i.e,, 
in the South the cost of operating cooling equipment greatly exceeds the 
operating cost of heating equipment, whereas in colder climates where 
cooling equipment is used about two months per year, the heating costs 
are probably higher than those for cooling. 

ATTIC FANS 

Attic fans, used during the warm months of the year to draw large 
volumes of outside air through a house, offer a means of using the com- 
parative coolness of outside evening and night air to bring down the 
inside temperature. 
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Because the low static pressures involved are usually less than in. 
of water, disc or propeller fans are generally used instead of the blower or 
housed types. The fans should have quiet operating characteristics, 
and they should be capable of giving about 20 to 30 air changes per hour 
in northern areas. In the South the usual specification requires one air 
change per minute which provides appreciable air movement in addition 
to the cooling effect. 

Types 

Open attic fans are units in which the fan is installed in a gable or 
dormer and one or more grilles are provided in the ceilings of the rooms 
below. Outdoor air, which enters the house through open windows, is 
drawn into the attic through the grilles, and is discharged out-of-doors 
by the fan. An attic stairway may be used in place of the grilles. It is 
essential that the roof and the attic walls be free from air leaks. 

Boxed-in fans are units in which the fan is installed within the attic 
in a box or housing directly over a central ceiling grille, or in a bulkhead 
enclosing an attic stair. The fan may be connected by a duct system to 
the grilles in individual rooms. Outdoor air entering through the win- 
dows of the rooms below is discharged into the attic space and escapes 
to the outside through louvers, dormer windows, or screened openings 
under the eaves. 

Location 

The locations of the fan, the outlet openings, and the grilles should be 
selected after consideration of the room and attic arrangement in order 
to give uniform air distribution in the individual rooms served. If the 
outlet for the air is not on the side away from the direction of the pre- 
vailing wind, openings should be provided on all sides. Kitchens should 
be separately ventilated because of the fire hazard, and to prevent the 
spread of cooking odors. 

Costs 

The capacity of attic fans is from 3,000 to 30,000 cfm with the trend 
toward units in the range of capacity from 7,000 to 15,000 cfm. 

Some typical data on an attic fan installation in an average six room 
house of frame construction containing 14,000 cu ft and located in the 
southern part of this country are: 


Installed cost- 

$100 to $400, average $200 

Fan data 

12,000 cfm average, 500 watts input 

Operating period 

April 15 to October 15, intermittently as weather con- 


ditions demand 

Power consumption 

500 kwhr per year for 8 months* operation 


In northern climates the figures would be considerably reduced. A 
smaller capacity fan can be effectively used and the cost of an installation 
ranges from $60.00 upwards. 
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COOLING, DEHUMIDIFICATION 
AND DEHYDRATION 


Definitions and Methods, Adsorbents, Absorbents, Mature of 
Processes, Temperature — Pressure — Concentration Relations, 
Dehydration Methods, Auxiliaries, Controls, Performance, 
Economics 

T he addition or abstraction of heat to or from air, whether sensible 
or latent, requires {a) a medium held at the necessary temperature 
or vapor pressure to produce a flow of heat or moisture and (6) sufficient 
contact between the air and the medium to achieve the desired final 
condition. The medium may be solid or liquid. It may be used (a) 
directly, as in a water or brine spray, or (&) indirectly, as with a steam 
radiator or direct expansion cooling coil. 

The contact is obtained through the use of exposed surface, to which 
the molecules of air are brought into direct physical proximity, thereby 
producing the heat interchange. These molecules then re-mix with 
uncontacted molecules in the air stream. The completeness of the inter- 
change is a function of the number of such successive contacts, and is a 
measure of the efficiency of the surface^. The contacting surface may be 
that of the medium directly, such as a finely atomized spray or the bed 
of a solid dehydrating agent; or a chilled or warmed metal surface, as a 
coil; or a combination of medium and surface, such as a packed tower, 
where the medium produces the interchange and the surface provides the 
necessary contact area. 

DEFINITIONS AND METHODS 

There are several basic methods of producing the necessary difference 
in temperature or vapor pressure between air and the medium employed 
to achieve cooling or dehumidification, or both simultaneously: 

Cooling of air involves its reduction in temperature due to the abstraction of sensible 
heat. It is always a result of contact with a medium held at a temperature lower than 
that of the air. Cooling may be accompanied by moisture addition (evaporation), by 
moisture extraction (dehumidification), or by no change of moisture content whatever. 
Such moisture change, if present, is considered as a secondary or by-product effect. As 


iThe Contact Mixture Analogy Applied to Heat Transfer with Mixtures of Air and Water Vapor, by 
W. H. earner (A.S.M.E. Transactions^ Vol. 59, 1937). 
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previously stated, the medium may be directly in contact with the air (as water, brine, 
or ice), or indirectly through a barrier vrall (as cooling surface). When the latter method 
is used, and the surface temperature is held above the air dew-point, only cooling occurs 
without moisture interchange. 

Evaporative Cooling involves the adiabatic exchange of heat between air and. a water 
spra>[ or wetted surface. The water assumes the wet-bulb temperature of the air, which 
remains constant during its traverse of the exchanger. No heat is added or abstracted 
from the medium (water), which is continually recirculated. Cooling of the air occurs 
due to the temperature difiFerence between entering air, and water at the wet-bulb tem- 
perature. Humidification occurs as a result of the vapor pressure ^erted by the water 
which is higher than that corresponding to the entering air dew-point. Since this is an 
adiabatic exchange, the enthalpy of the air remains constant, while the dew-point rises 
and the dry-bulb falls, and the loss of sensible heat exactly equals the gain in latent 
heat (neglecting radiation losses). The maximum available temperature reduction is the 
total difference between entering dry- and wet-bulbs (wet-bulb depression). Equipment 
achieving the complete reduction is termed completely saturating or 100 per cent efficient, 
since the air leaves in a saturated state. Equipment utilizing only a portion of the wet- 
bulb depression is termed partially saturating* 

Evaporative cooling is being used advantageously in many parts of the country. It is 
particularly applicable (1) in districts where the relative humidity is normally low 
during the cooling season, and (2) in applications where the cooling load is principally 
a sensible load. 

Dehumidification of air, in its broadest connotation, means simply the removal of 
moisture. Usage in the art has restricted the application of the term, so that the former 
broad meaning is now proijerly covered by the complementary names dehumidification 
and dehydration. DehumidifixMion usually refers to the condensation of water vapor 
from air due to its contact with a chilled medium (see Cooling). This type of heat 
exchange invariably includes temperature reduction due to removal of sensible heat, 
which reduction may be considered a by-product effect. 

Dehydration refers specifically to the removal of water vapor from air due to its 
contact with a d^ydrating agent. The primary distinction between dehumidification 
and dehydration is the vapor presses exerted at the surface of the contacting medium. 
In the case of dehumidification, this surface vapor pressure is always the same as that 
which would be exerted by a body of water (or ice) at that same surface temperature. 
In the case of a dehydrating agent, the surface vapor pressure is always lower Idian that 
exerted by water at the same temperature, and the effectiveness of the medium as a 
dessicant is largely a function of the amount by which this vapor pressure can be lowered 
at the working temperature involved. 

Thus it is evident that the primary function of a dehydrating agent is to establish a 
vapor pressure difference between the air and the medium in order to secure thereby a 
removal of moisture (latent heat) from the air. In the simplest type of process, no heat 
is abstracted from the medium itself, and the process is essentially an adiabatic one in 
which the latent heat lost by the air is converted to sensible heat which raises the air 
temperature by an equivalent amount. This process is therefore an energy exchange, 
similar to, but the reverse of, adiabatic saturation. 

Combination Methods. It is evident that two or more of the above processes — cooling, 
evaporative cooling, dehumidification and dehydration — may be combined by the 
proper application of interchangers in sequence. Such combinations are dictated by the 
availability of prime sources of energy and the economic justification of each. 

This chapter discusses in detail the engineering and economic principles 
involved in the application of dehydration. For similar discussion of the 
other processes, refer to the following material : Cooling and dehumidi- 
fication by the use of surface interchangers (cooling coils), see Chapter 26. 
Cooling, dehumidification and evaporative cooling with air washers, see 
Chapter 27. For sources of cooling involving city and well water and 
cooling towers, see Chapter 27, while for mechanical refrigeration and 
ice, refer to Chapter 25. For the thermodynamics of evaporative cooling, 
see Chapter 1. 
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DEHYDRATING AGENTS 

Dehydrating agents may be divided into two general classifications: 

1. Adsorbent — material which has the ability to condense w^ater vapor on its 
surface \vithout itself being changed physically or chemically. Certain solid materials, 
such as silica gel, activated alumina and activated carbon have this property. 

2. Absorbent — A material which has the ability to take up water vapor but which 
changes physically, chemically, or both, during the cycle. Calcium chloride is an 
example of a solid material while liquid materials include lithium chloride, calcium 
chloride, lithium bromide and ethylene glycol. 

Adsorbents 

These substances are characterized by a physical structure containing a 
great number of extremely small pores but still retaining sufficient me- 
chanical strength to resist the wear and handling to which they are 
subjected. To be suitable for dehydration purposes such substances 
must fulfill the following requirements: 

1. Possess suitable vapor pressure characteristics. 

2. Be available at an economical cost. 

3. Adsorb sufficient moisture per pound of material to avoid excessive bed dimensions* 

4. Be chemically stable, resisting contamination from impurities. 

5. Physically rugged to resist breakdown from handling, abrasion, etc. 

6. Withstand breakdown from indefinitely repeated reactivation cycles. 

7. Possess practical and efficient reactivation temperatures. 

Aluminum Oxide (Alumina), in a porous, amorphous form is a solid 
adsorbent frequently called by the common name activated alumina. 
It contains small amounts of hydrated aluminum oxide, very small 
amounts of soda, and various metallic oxides. A good grade of activated 
alumina will show 92 per cent of AhOz, and its soda content will be 
combined with silica and alumina into an insoluble compound. This 
substance also has the property of adsorbing certain gases and certain 
vapors other than water vapor — a property which is sometimes useful in 
air conditioning installations. It is available commercially in granules 
ranging from a fine powder to pieces approximately 1.5 in. in diameter. 
It has high adsorptive capacity per unit of weight and is non-toxic. It 
may be repeatedly re-activated after becoming saturated with adsorbed 
moisture without practical loss of its adsorptive ability. In the grade 
frequently used for air drying the re-activation may be accomplished at 
temperatures under 350 F. Specific gravity is 3.25 and the pores are 
reported to occupy 58 per cent of the volume of each particle. For most 
estimating purposes the volume-weight relation on a dry basis may be 
taken as 50 lb per cubic foot although in the smaller sizes the packed 
weight may be as much as 64 lb per cubic foot. 

Silicon Dioxide (Silica), in a special form obtained by suitably mixing 
sulphuric acid with sodium silicate, is another solid adsorbent and is 
commonly called silica gel. Its capillary structure is exceedingly small, 
so small that its exact structure has to be deduced rather than observed. 
The gel is available commercially in a wide variety of sizes of granules 
ranging from 4 to 300 mesh. It has high adsorptive capacity per unit of 
weight, it is non-toxic, and may be repeatedly re-activated without 
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practical deterioration. Re-activation may be accomplished at tem- 
peratures of air up to 600 F although it is frequently accomplished with 
air or other gases at temperatures not over 300 F. Volume of the capil- 
lary pores is reported to be from 50 to 70 per cent of the total solid volume. 
For most estimating purposes the volume-weight relation can be assumed 
as from 38 to 40 lb per cubic foot on a dry basis. It also has the property 
of absorbing certain gas and vapors other than water vapor. 

Other substances having properties which make them available as solid 
adsorbents include lamisilate and charcoal but details of their physical 
properties are not available. 

Nature of Adsorption Process 

The adsorbent does not go into solution but water vapor is extracted 
from the air-vapor stream passing through the bed of adsorbent material 
and is caught and retained in the capillary pores. The exact nature of 
the process which goes on during adsorption is not known but it is stated 
that the action is brought about by surface condensation, and also by a 
difference between the vapor pressure of the water condensing inside the 
pores and the partial pressure of the water vapor in the air- vapor mixture. 
The adsorbing process in the bed can continue until the vapor pressures 
come into equilibrium. The amount of vapor adsorbed will depend on 
the adsorbent substances being used, but for any single substance the 
amount depends on the temperature of the bed as well as on the partial 
pressure of the air- vapor mixture being passed over it. 

As the bed of material adsorbs moisture, its vapor pressure approaches 
that of the contacting air and the rate of adsorption gradually slows 
down so that equilibrium may not be reached for 24 to 48 hours. Because 
of this diminishing rate of adsorption, commercially designed systems do 
not permit the state of equilibrium to be reached but generally operate on 
a 10 to 30 min contact time — the period of most rapid adsorption. 

As the process of adsorption goes on heat is liberated in the bed. The 
heat so liberated is the latent heat of the water vapor condensed together 
with the so-called heat of wetting. For a pound of water vapor at 60 F 
the latent heat released by condensation is approximately 1057 Btu. 
The heat of wetting for silica gel, for example, is about 200 Btu, making a 
total heat of adsorption of approximately 1257 Btu per pound of water 
adsorbed from the air-vapor mixture passing through the silica gel bed. 
The heat of wetting varies with the substance being used as the adsorbent 
while the latent heat of condensation depends only on the temperature 
and pressure of the water vapor. 

Temperature — Pressure — Concentration Relations 

Since the adsorptive ability of an adsorbent depends on the tempera- 
ture of the bed and on the partial pressure difference between the pores 
and the air-vapor mixture, it is important to know the pressures and 
temperatures at which pressure equilibrium is reached. 

Evidently the equilibrium conditions represent the limits beyond which 
adsorption of vapor cannot continue. The relationship can be shown 
graphically and Fig. 1 is such a chart for silica gel. Charts of like nature 
can be plotted for other adsorbent materials. 
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The equilibrium conditions for a gel bed maintained at constant tem- 
perature while the water vapor adsorption is allowed to continue until 
pressure equilibrium is reached is shown in Fig. 1. Each curve on the 
chart shows a certain dew-point temperature, and therefore a certain 
pressure of the saturated water vapor. 

As an example in the interpretation of the chart consider the case when 
moist air at a temperature of 80 F and a partial vapor pressure of 0.5 in. 
of mercury flows through a bed of silica gel which is at a temperature of 
80 F. The chart indicates that the equilibrium of pressure between the 



Fig. 1, Temperature — Vapor Pressure — Concentration Relation for 
A Silica Gel Bed at Constant Temperature 

air-vapor mixture and the bed is reached when the dry bed has adsorbed 
moisture to the extent of 30 per cent of the weight when dry. When this 
happens the bed can adsorb no more moisture unless its temperature 
is changed. 

While charts of this kind can show the limiting properties of the sub- 
stances they are seldom directly applicable to the solution of air con- 
ditioning problems unless considerable additional information is avail- 
able. This takes the form of performance data covering the character- 
istics of the equipment in which the adsorbent bed is placed. Such 
performance data are presented later in this discussion. 
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Absorbents 

Any absorbent substance may be used as an air drying agent if it has 
a vapor pressure lower than the vapor pressure in the air- vapor mixture 
from which the moisture is to be removed. 

Solid Absorbents, The substances used are in general the solid forms of the liquid 
absorbents, more commonly calcium chloride due to its low cost. At present they are 
used principally in small dessicating chambers, and in small dryers of the cartridge type, 
through which air is forced under pressure. 

Liquid Absorbents, These are characteristically water solutions of materials in which 
the vapor pressure is reduced to a suitable level by governing the concentration of the 
solution. In addition to having suitable vapor pressure characteristics a practical 
absorbent must also be widely available at economical cost, be non-corrosive, odorless, 
non-toxic, non-inflammable, chemically inert against any impurities in the air stream, 
stable over the range of use and especially it must not precipitate out at the lowest 
temperature to which the apparatus is exposed. It must have low viscosity and be 
capable of being economically regenerated or concentrated after having been diluted by 
absorbing moisture. 

Water solutions, or brines, of the chlorides or bromides of various 
inorganic elements such as lithium chloride and calcium chloride are the 
absorbents most frequently used in connection with air conditioning 
applications and detailed attention is confined to these two in this 
chapter. 

Nature of Absorption Process 

The application consists of bringing the air- vapor stream into intimate 
contact with the absorbent, permissibly by passing the air stream 
through a finely divided spray of the brine but more generally by passing 
the air over a contacting pack where the liquid absorbent presents a large 
surface to the air stream. The difference in vapor pressure causes some 
of the vapor in the air-vapor mixture to migrate into the brine. Here it 
condenses into liquid water and decreases the concentration of the 
absorbent. 

As the water vapor is added to the absorbent and condenses, it gives up 
its latent heat of condensation which tends to raise the temperature of 
both the absorbent and the moist air stream. For every pound of water 
absorbed and condensed the heat added to the air stream and the brine 
combined is obtainable from steam tables. For instance, at 60 F the 
amount of this heat is about 1057 Btu. In addition to this heat there is 
involved also the so-called heat of mixing which is frequently considerable. 

A more complicated cycle involves heat removal from the contacting 
medium, either within or external to the interchanger. Thus the tem- 
perature of the medium may be higher than, equal to, or lower than that 
of the air, depending on the agent used and the function to be performed. 
In such a cycle, the dehydration process may be accompanied by cooling 
or heating, or neither, and such effect, if present, may be either a neces- 
sary by-product of the process, or for the specific purpose of obtaining 
both latent and sensible heat removal simultaneously. The heat thus 
produced in the bed is to a large extent transferred to the air being dried, 
and in the average air conditioning installation must be removed by 
passing the air through an aftercooler. 
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Temperature — Pressure — Concentration Relations 

Since the absorption process can continue only as long as there is a 
difference in vapor pressure between the absorbent and the air-vapor 
mixture and since at a given temperature of the absorbent the vapor 
pressure depends on the concentration of the solution, evidently there 
must be a relation between these quantities which if known would state 
the limits of the process. The relationship would also depend on the 
absorbent being used, and would have to be determined for each sub- 
stance used as an absorbent. This relationship is shown graphically in 


CONCENTRATION, PER CENT 

0 10 20 30 40 50 60 



0 5 10 15 20 25 30 35 

CONCENTRATION, MOLAL 

Fig. 2. Temperature — Pressure— Concentrations for Lithium Chloride 


Fig. 2 for lithium chloride, and Fig. 3 presents similar data for calcium 
chloride. These charts are essentially similar to Fig. 1, and their direct 
usefulness is limited by much the same considerations. Other physical 
properties of lithium chloride are shown in Tables 1, 2 and 3. 

In Fig. 2 and Table 1 the unit of concentration is the mol. A M molal 
solution is defined as a solution containing M X 42.37 grains of anhydrous 
lithium chloride per 1000 grains of water. The formula connecting con- 
centration in mols with weight in per cent is equivalent to: (100 X 
M X 42.37) [1000 + {M X 42.37)]. 
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Table 1. Properties of Lithium Chloride Solutions 


Concen- 
tration 
Pound 
Mols 
(42.4 Lb) 
LiCl PER 
1000 Lb 
Water 

Concen- 

tration 

Per 

Cent 

BY 

Weight 

Specific 

Gravity 

AT 

100 F 

Viscosity 

(Millipoise) 

Partial 
Heat of 
Mixing 
.^T 0 F. 
Btu per 
Lb 

Temp, 

COEFF. 

OF 

Partial 
Heat of 
Mixing 
Btu per 
Lb 

PER F 

Specific 
Heat at 
70 F 

Boiling 
Point F 

AT 

(760 MM 
Hg) 

Freezing 

Point, 

F 

80 F 

180 F 

0 

0.0 

1.000 

8.61 

3.48 

0.00 

0.000 

0.998 

212.0 

32.0 

2 

7.8 

1.037 

11.19 

4.56 

2.04 

-0.014 

0.901 

215.8 

16.3 

4 

14.5 

1.076 

14.42 

6.01 

7.24 

-0.036 

0.831 

221.5 

- 5.8 

6 

20.2 

1.111 

18.62 

7.78 

16.70 

-0.069 

0.778 

228.9 

-34.2 

8 

25.3 

1.143 

24.32 

10.00 

31.90 

-0.109 

0.739 

238.1 

-69.0 

10 

29.7 

1.172 

32.28 

12.91 

51.10 

-0.143 

0.710 

248.4 

-90.0 

12 

33.7 

1.199 

43.45 

16.56 

75.70 

-0.160 

0.687 

258.8 

-40.0 

14 

37.4 

1.225 

60.26 

21.28 

90.80 

-0.167 

0.666 

268.9 

1.0 

16 

40,4 

1.248 

82.04 

27.10 

124.80 

-0.176 

0.647 

277.9 

36.5 

18 

43.3 

1.270 

113.80 

35.48 

145.00 

-0.186 

0.631 

285.8 

58.1 

20 

46.0 

1.291 


46.45 

162.00 

-0.194 


293.2 

86.4 

22 

48.4 



60.67 

171.00 

-0.200 


300.2 

133.0 

24 

50,3 



84.33 

177.00 

-0.200 


307.0 

156.0 

26 

52.4 




182.00 

-0.210 


313.0 

180.0 

28 

54.3 




191.00 

-0.210 


318.0 

190.0 

30 

56.1 




194.00 

-0.210 


323.0 

195.0 

32 

57.5 




198.00 

-0.220 


328.0 

280.0 


Table 2. Dew-Point of Air in Equilibrium with Lithium Chloride Solutions 
Concentration in Pound Mols (42.4 lb) Lithium Chloride per 1000 lb Water 


Dbw- 

POINT 

AT 

Zero 

Concentration op LxrHTUU Chloride 

CONC. 

2.0 

4.0 

6.0 

8.0 

10 0 

12.0 

14.0 

160 

18.0 

20.0 

22.0 

24.0 

26.0 

28.0 

30.0 

320 

315.2 

308.7 

[299.9 

290.2 

279.7 

269.4 

259.6 

251.5 

244.1 

236.5 

230.0 

223.8 

218.6 

214.5 

210.3 

300 

295.4 

289.1 

1280.5 

270.9 

260.6 

250.5 

240.8 

232.6 

225.4 

218.0 

211.8 

205.8 

200.8 

196.9 

192.8 

280 

275.6 

269.5 

|261.1 

251.7 

241.5 

231.6 

222.2 

214.0 

206.7 

199.7 

193.5 

187.8 

183.2 

179.3 

175.2 

260 

255.8 

250.0 

241.9 

232.6 

222.7 

212.8 

203.5 

195.5 

188.4 

181.7 

175.4 

170.0 

165.6 

162.0 

158.4 

240 

236.0 

230.4 

222.5 

213.51 

203.8 

194.2 

185.0 

177.1 

170.0 

163.6 

157.5 

152.2 

148.3 

144.6 

140.5 

220 

216.2 

210.8! 

203.2 

194.41 

184.9 

175.5 

166.4 

158.6 

151.6 

145.3 

139.6 

134.6 

130.7 

127.3 

124.2 

200 

196.4 

191.2 

183.9 

175.4 

166.1 

156.7 

148.0 

140.3 

133.5 

127.3 

121.9 

117.0 

113.3 

110.1 


180 

176.6 

171.6 

164.7 

156.4 

147.3 

138.1 

129.6 

122.1 

115.5 

109.4 

104.2 

1 99.6 

96.0 



160 

156.8 

152.1 

145.4 

137.4! 

128.6 

119.7 

111.3 

103.9 

97.4 

91.6 

86.6 

82.2 




140 

137.0 

132.6 

126.1 

118.4 

109.9 

101.3 

93.1 

85.9 

79.5 

73.8 

69.0 





120 

117.2 

113.0 

106.8 

99.4' 

91.1 

82.7 

74.7 

67.8 

61.5 

56.0 






no 

107.3 

103.2 

97.2 

89.9 

81.9 

73.5 

65.6 

58.8 

52.6 

47.1 






100 

97.4 

93.4 

87.5 

80.5 

72.7 

64.4 

56.6 

49.8 

43.7 

38.2 






90 

87.5 

83.6 

77.9 

71.0 

63.3 

55.2 

47.6 

40.8 

34.8 

29.3 






80: 

77.6 

73.8 

68.4 

61.6 

54.0 

46.1 

38.5 

31.8 

25.9 

20.6 






7o; 

67.7 

64.0 

58.7 

52.2 

44.8 

37.0 

29.5 

22.9 

17.2 

12.0 






60 

57.8 

54.3 

49.1 

42.7 

35.5 

27.9 

20.5 

14.0 

8.3 







40 

38.0 

34.7j 

29.9 

23.9 

16.9 

9.6 

2,4 

-3.9 








20 


15.1 

10.7 

5.0 

-1.7 

-8.7 

-15.4 









0 


-4.5| 

-8.6, 

-13.9 

-20.2 

-27.0 

-33.3 
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Example 1. Determine the dew-point, wet-bulb, relative humidity and absolute hu- 
midity of air in equilibrium at 100 F with pure lithium chloride solution of density 1.270. 

Solution, From Table 1 the concentration of a solution of density 1.270 at 100 F is 
18.0 M. From Fig. 2 the dew-point of 18 M lithium chloride at 100 F is 43.7 F. From 
Table 6, Chapter 1, the partial pressure of water over the solution is 0.2858 in. of Hg, 
and the absolute humidity is 42.00 grains per pound dry air. From the psychrometric 
chart, the wet-bulb is 66.3 F, and the relative humidity is 15 per cent. 

Example 2. Determine the boiling point, and freezing point of 18 M lithium chloride 
solutions. 

Solution. From Table 1, boiling point (standard) is 285.8 F, freezing point is 58.1 F. 



Fig. 3. Temperature — Pressure — Concentrations for Calcium Chloride 

Example S, Calculate the heat of vaporization of 1 lb of water from a large amount of 
18 M lithium chloride solution at the boiling point. 

Solution, The heat of boiling is equal to the heat of mixing plus the heat of boiling 
pure water at the same temperature. The heat of mixing from Table 1 at 18 and 
285.8 F is 145 — (0.186 X 285.8) = 92 Btu per pound. The heat of vaporization of 
water from steam tables at 285.8 F is 920 Btu per pound. Therefore the heat of vaporiza- 
tion of water from the solution is 920 -{- 92 = 1012 Btu per pound. 

Example 4- One thousand pounds of air per minute at 100 F dry-bulb with a dew- 
point of 70 F and a relative humidity of 39 per cent is passed over 18 M lithium chloride 
solution. The rate of flow of the solution is 200 gpm and the entering temperature is 
80 F. The air leaves the absorber at 85 F dry-bulb and dew-point of 35 F. Calculate 


469 




HEATING VENTILATING AIR CONDITIONING GUIDE 1942 


by precooling the brine in the solution cooler to a predetermined tem- 
perature, which is usually below that of the air, by city, well or chilled 
water. 

The excess water of condensation, which dilutes the brine, is removed 
in the solution concentrator. This is a low pressure steam heat exchanger 
which over-concentrates a portion of the weak liquor and returns it to 
the main brine reservoir for re-pumping. The concentrator operates in 
the manner of an evaporative condenser, whereby moisture is evaporated 
from the brine by the heating coils into a stream of regeneration air, taken 


Activation air inlet 



from and rejected to the outside atmosphere. Low pressure steam is 
normally used for heating the brine. When it is desirable or necessary to 
use gas or electricity, an auxiliary low pressure steam boiler is usually 
added to the equipment. Concentrators operating on a simple boiler 
principle have not as yet been commercially practical. 

It should be noted that the solution concentration phase is the reverse 
of the dehydration process. During concentration the aqueous vapor 
pressure of the solution is greater than that of the surrounding air, while 
during dehydration, the reverse is the case. Utilization of this principle 
permits winter humidification, by heating (instead of cooling) the solution 
pumped to the contactor. Water is thereby evaporated into, instead of 
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condensed out of, the conditioned air stream. This requires dilution qf 
the brine externally to the contactor, rather than concentration. 

Another type of liquid dehydrator utilizes an integral interchanger 
which employs the same type of solution concentrator as described for 
the system with the external interchanger. However, the dehydration 
contactor and solution cooler are combined by placing a cooling coil 
directly in the wet air stream. This coil provides the contacting surface 
between air and the warm concentrated solution which is sprayed over 
the cooling surface. By circulating a cooling medium through this coil, 
control of solution temperature (hence its vapor pressure) is accomplished 
directly in the air stream. 

ESTIMATING OF LOADS 

Where equipment is used which removes sensible and latent heat 
simultaneously such as a chilled water or direct expansion dehumidifier, 

Cooling coil and 



Fig. 6. Liquid Absorbent Dehydrator in Which Solution Cooler and 
Contactor are Combined 

the basis of selection is usually the maximum total heat load. The operating 
characteristics of such equipment normally produce satisfactory dew- 
points with adequate capacity at other loads, including the maximum 
latent load which occurs at a less-than-maximum total load. With 
dehydration equipment in which moisture removal is achieved inde- 
pendently of sensible cooling, it is necessary that equipment be chosen for 
the maximum load of each functional element. The sensible cooler should 
be selected for the maximum sensible load; the dehydrator for the maxi- 
mum latent load. These loads need not occur simultaneously, and in 
fact, rarely do. 

In estimating the maximum latent heat load for comfort applications, 
it is considered good practice to select an outside design dew-point for the 
locality which is exceeded on not more than 5 per cent of the days during 
the season. A smaller percentage, or even the maximum dew-point 
recorded, may be advisable for rigorous industrial applications. 

Due consideration should also be pven to moisture seepage through 
building materials and vapor infiltration through openings. These items 

473 



HEATING VENTILATING AIR CONDITIONING GUIDE 1942 


become important at dew-points below 50 F and have an extreme effect 
upon load and equipment selection at dew-points below 35 F. 

LOCATION OF EQUIPMENT 

All types of dehydration equipment are, in general, applicable in one of 
several possible locations in the system air flow diagram. The choice of 
the type of equipment and its location is dependent upon the work to be 
performed, the capacity of the dehydration equipment to remove moisture 
and the type of energy available for activation or regeneration. 



Dehydration apparatus may be located : {a) to treat outside air only, 
(5) to treat return air only, or (c) to treat a mixture of outside and 
return air. 

EQUIPMENT AUXILIARIES 

Precoolers, When cold water is available, it is generally economical to 
use this water in a precooling coil in the outside air stream. The dehumidi- 
fying accomplished by this coil reduces the load on the dehydrator; and 
moreover, lowering the temperature of the inlet air to the dehydrator 
results in a higher dehydrator moisture removal efficiency. 
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Dry Air Coolers, Particularly with the solid adsorbent process, and to* 
a lesser extent with liquid absorbents, a dry air cooler is employed to 
remove sensible heat from the dehydrated air whenever it leaves the 
dehydrator at an elevated temperature. A cooling coil using city water is 
usual practice, and is considered economical whenever the difference 
between effluent air and entering water temperatures is greater than 15 F. 

Sensible Heat Coolers. Since the normal conditioning system requires 
sensible heat removal, auxiliary equipment may be needed for this 
function.^ This is almost always in the form of cooling surface using 
water, brine or direct expansion refrigerant. It is located on the leaving 
side of the dehydrator, but frequently treats in addition a large volume of 
room air which is not circulated through the dehydrator for moisture 
reduction. 

CONTROLS 

The use of dehydration equipment makes possible the use of a relatively 
simple control system with a humidistat or, alternatively, a wet-bulb 
controller, to regulate the operation of the dehydrator, and a thermostat 



Fig. 8. Activated Alumina Dehydrator Performance Data 


to control the sensible cooling apparatus. Functionally, the relative 
humidity control may consist of one of the following: 

1. Stop — Start — Where the humidistat starts the dehydrator on rising humidity and 
stops it on falling humidity. 

2. Bypass — Where the humidistat modulates face and bypass dampers located at the 
wet air inlet of the dehydrator. Thus the quantity of air passing through the dehydrator 
is proportioned in accordance with the change in latent heat load. 

3. Vapor Pressure Control (used with liquid absorbents) — Where the humidistat 
directly controls the temperature or concentration of the contacting solution, thereby 
matching the latent heat removal to the load requirement. 

EQUIPMENT PERFORMANCE 

It is recognized that, whereas the curves relating temperature and 
vapor pressure of the several dehydration agents (Figs. 1, 2 and 3) 
accurately define the equilibrium limits for these materials, these curves 
cannot be used for predicting performance of available equipment. This 
is because (a) the materials themselves can only be utilized efficiently 
within certain ranges of moisture concentration, and (&) the degree to 
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which the vapor pressure of the air being treated approaches that at the 
surface of the material depends upon the completeness of the contact. 
For this reason, actual moisture removing capacity is determined from 
performance curves of the several materials under practical conditions of 
temperature, concentration and contacting efficiency as shown in Figs. 
7, 8 and 9. While these curves by no means explore all the performance 
possibilities, they may be considered to be representative of sound design 



Fig. 9. Lithium Chloride Contactor Performance Data 


and application practice. Representative data on heat input and water 
consumption are given in Table 4. 

ECONOMICS OF DEHYDRATION 

Almost all summer comfort air conditioning, as well as much industrial 
and commercial air conditioning, requires both of the functions of 
sensible and latent heat removal from air. Each of the methods of 
cooling and dehumidification has as its objective either the removal of 
sensible or latent heat, or both simultaneously. Choice of method and 
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medium therefore depends solely on whether {a) method and medium are 
physically able to accomplish the desired result with practical equipment, 
and {h) method and medium are justifiable economically. 

Referring particularly to the problem of moisture removal, it may be 
stated that either dehumidification using chilled water, brine or direct 
expansion refrigerant, or dehydration using solid or liquid agents, is 
eqtially practical from the viewpoint of engineering performance for the 
vast majority of comfort and for a great many industrial applications; 

Table 4. Performance Coefficients and Water Requirements of 
Solid and Liquid Dehydration Processes 


Moisture 

Grains per Lb 

1 Temperature 

Deg F 

Thermal 
Perfor\l\n*ce 
Ration ' 

Cooling Water 

CONSUTUPTlONb 

In 

Out 

1 

In 

, Out 

Temp. 

Deg F 

Gpm per 1000 
Btu per Hr of 
Latent Heat 

Solid Adsorbents 

130 

65 

85 

1 138 

0.39 



130 

45 

1 85 

1 154 

! 0.35 



65 

30 

85 

1 118 

0.28 



45 

12 

85 

115 

0.23 



Liquid AhsorhentA 

130 

1 

I 65 

85 

1 

99 

0.45 

85 

0.23 

130 

' 45 

85 

101 

0.45 

85 

0.44 

130 

; 45 

85 

87 

0.41 

60 

0.26 

65 

1 30 

1 

85 

83 

0.41 

60 

0.64 


a-Thermal performance ratio is defined as latent heat removed from entering air divided by the heat 
input into the regenerator. Latent heat may be actually abstracted from system or converted to sensible 
heat, depending on process. No credit is given in the performance ratio for abstraction of sensible heat; 
where it occurs, it is considered a by-product effect. Values are approximate and, while they can be con- 
strued as typicd, may vary considerably with design and economic application. 

bCooling water shown is that required solely to produce the latent heat removal. Additional water is 
required by both processes for reducing effluent temperatures below those listed. Gallons per minute shown 
are necessarily an economic approximation, weighing amount of surface against water consumption. 
cSolid adsorbent based on the use of gas for activation. 

dLiquid absorbent based on the use of steam at 12 lb per square inch gage for regeneration. 

that is, their fields of application overlap. It cannot properly be stated 
that one method or material is superior functionally to another, since all 
have the same objective, and each is capable of attaining that objective. 

For this reason, the choice of method and agent can normally be con- 
sidered strictly on its economic merits. The choice of dehydration, 
mechanical refrigeration, natural cold water or ice, must be justified by 
the initial investment of available equipment, the availability and cost 
of prime energy sources, and the charges properly allocable to space 
occupied, labor of operation, maintenance, etc. 

ECONOMIC COMPARISONS 

It is evident that it is not possible to set forth definite rules governing 
the choice of dehydration equipment in preference to other methods of 

477 





HEATING VENTILATING AIR CONDITIONING GUIDE 1942 


dehumidification. It is only possible to state certain general conditions 
which tend to make dehydration favorable or unfavorable. 

Dehydration tends to be favorable where : 

1. Steam or gas is available at a cost substantially lower than electricity. 

2. Required dry-bulb temperature is high or unimportant in comparison to main- 
tenance of proper relative humidity. 

3. Sensible cooling can be supplied by low cost city, well, or river water available at 
the proper temperature. For comfort conditioning, this temperature cannot normally 
be higher than 65 F. 

4. An abnormally high room latent heat load or a large outside air latent load is 
encountered (such as in a dance hall, theater, restaurant, etc.). 

5. Abnormally low room dew-points are required (such as 40 F or lower for some 
manufacturing operations). 

6. Low temperature w^ater is available but high in cost or limited in quantity. 

7. In low temperature driers a complementary heat exchange can be utilized. In such 
cases, the sensible heat of the dry air from the dehydrator is reduced by the evaporation 
of moisture within the drier. 

Of the factors just enumerated Item 1 is the most important influence, 
and if favorable, it indicates the desirability of considering dehydration. 
The other items are of lesser importance as criteria, but each has a direct 
influence in the economic considerations. 

Dehydration tends to be unfavorable where: 

1. Electricity is low in cost. 

2. Normal comfort dew-points are required with a preponderantly sensible heat load. 

3. Mechanical refrigeration is required for sensible heat removal. 

4. Water temperature is too high for sensible heat removal. For comfort conditioning, 
this usually means water above 65 F. 

5. Water is available in adequate quantity and at such temperature that it can be 
used directly for both sensible and latent removal, or can be further chilled more cheaply 
by mechanical refrigeration. For comfort conditioning, this normally means water 
below 55 F. 

No single item just mentioned will necessarily disqualify dehydration, 
but will tend to require several favorable factors to make it a possibility 
for selection. 

The previously outlined criteria are general and inclusive. When 
analyzed with respect to the possible fields of application, it is evident 
that dehydration equipment can be used, within its legitimate economic 
limits, for: air conditioning for human comfort, commercial cooling for 
food products requiring low humidities, industrial air conditioning for 
processes, and industrial drying. Attention is called to those particularly 
favorable industrial conditioning and drying applications in which the 
dried air can be used at effluent temperature without further treatment. 
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Chapter 25 


REFRIGERATION 


Mechanical Refrigeration, Characteristics of Compression 
System, Absorption Systems, Expansion Valves, CorCdensers, 
Evaporators and Coolers, Refrigerant Pipe Sixes, Ice Systems, 
Equipment Selection, Reverse Cycle 


C OOLING and dehumidification in air conditioning work usually 
requires refrigeration equipment. The localities where cold water 
from a natural source is at a sufficiently low temperature for comfort air 
conditioning are rare, and evaporative cooling is generally restricted to 
sections of the country where humidities are naturally low. 

The important difference between the refrigeration equipment used for 
comfort air conditioning and that used for commercial refrigeration is the 
use of a relatively higher evaporator temperature. This temperature is 
usually above freezing in air conditioning refrigeration equipment. The 
higher evaporator temperature (that is high suction pressure) affects 
the design of the system used, and makes possible the use of systems 
that are not always practical for commercial refrigeration. 

MECHANICAL REFRIGERATION 

The fundamentals of mechanical refrigeration systems are similar, 
although they differ in the methods used for compression -of the refri- 
gerant vapor. 

Refrigerant vapor, usually saturated or slightly superheated, is drawn 
into the compressor as diagrammed in Fig. 1. It is then compressed and 
discharged at a higher pressure to a condenser. The vapor is condensed 
as it contacts a heat transfer surface over which is flowing a cooling 
medium such as water, air or a combination of the two. The liquid 
refrigerant flows to the evaporator through an expansion valve which 
reduces its pressure and regulates its flow. In the evaporator, the refri- 
gerant absorbs heat from the medium which is to be cooled. When this 
medium is water or brine, the evaporator is known as a water or brine 
cooler and the refrigeration system, if used for air cooling, is known as an 
indirect system. When the medium cooled is air, the evaporator is 
known as a direct expansion cooler and the system is known as a direct 
expansion system. 

Fundamentally, the function of the system is to absorb heat at one 
temperature and pump it to a higher temperature, where it may be 
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Table 1. Properties of Ammonia 


Sat. 

TS!MP 

F 

AfiS. 
Pbess. 
Lb per 
SqIn. 

VOLTJME 


Heat Cojttbnt and Entropy Taken From - 

-40 F 


1 Heat Content 

1 Entropy 

1 100 F Superheat | 

1 200 F Superheat 

Liquid 

Vapor 

Liquid 

Vapor 

Liquid 

Vapor 

Ht. Ct. 

Entropy 

Ht. Ct. 

Entropy 

0 

30.42 

0.02419 

9.116 

42.9 

611.8 

0.0975 

1 3352 

666 8 

1.4439 

720.3 

1.5317 

2 

31.92 

0.02424 

8.714 

45.1 

612.4 

0.1022 

1.3312 

667 6 

1.4400 

721.2 

1.5277 

4 

33.47 

0 02430 

8.333 

47.2 

613.0 

0.1069 

1.3273 

668 4 

1.4360 

722.2 

1.5236 

5 

34.27 

0.02432 

8.150 

48.3 

613.3 

0.1092 

1.3253 

668.8 

1.4340 

722.6 

1.5216 

6 

35,09 

0.02435 

7.971 

49.4 

613.6 

0.1115 

1.3234 

669.3 

1.4321 

723.1 

1.5196 

8 

36 77 

0.02440 

7.629 

516 

614.3 

0.1162 

1.3195 i 

670.1 

1.4281 

724.1 

1.5155 

10 

38.51 

0,02446 

7.304 

53.8 

614.9 

0.1208 

1.3157 1 

670.9 

1.4242 

725.0 

1.5115 

12 

40.31 

0.02451 

6.996 

56.0 

615.5 

0.1254 

1.3118 

6717 

1.4205 

725.9 

1.5077 

14 

42.18 

0.02457 

6.703 

58 2 

6161 

0.1300 

1.3081 

672.5 

1.4168 

726.8 

1.5039 

16 

44.12 

0.02462 

6.425 

60.3 

616.6 

0.1346 

1.3043 

673.4 

1.4130 

727.8 

1.5001 

18 

46.13 

0.02468 

6.161 

62 5 

617.2 

0.1392 

1.3006 

674.2 1 

1.4093 

728.7 

1.4963 

20 

48 21 

0.02474 

5.910 

64.7 

617.8 

0.1437 

1.2969 

675 0 

1.4056 

729.6 

1.4925 

22 

50.36 

0.02479 

5.671 

66.9 

618.3 

0.1483 

1.2933 

675.8 

1.4021 

730.5 

1,4889 

24 

52.59 

0.02485 

5.443 

69.1 

618.9 

0.1528 

1.2897 

676.6 

1.3985 

731.4 

1.4853 

26 

54.90 

0.02491 

5.227 j 

71.3 

619.4 

0.1573 

1.2861 

677.3 

1.3950 

732.4 

1.4816 

28 

57.28 

0.02497 

5.021 

73,5 

619.9 

0.1618 

1.2825 

678.1 

1.3914 

733 3 

1.4780 

30 

59.74 

0.02503 

4.825 

75.7 

620.5 

0.1663 

1.2790 

678.9 

1.3879 

734.2 

1.4744 

32 

62.29 

0.02508 

4.637 

77.9 

621.0 

0.1708 

1.2755 

679.7 

1.3846 

735.1 

1.4710 

34 

64.91 

0.02514 

4.459 

80.1 

621.5 

0.1753 

1.2721 

680.4 

1.3812 

736.0 

1.4676 

36 

67.63 

0.02521 

4.289 

82.3 

622.0 

0.1797 

1.2686 

681.2 

1.3779 

736.8 

1.4643 

38 

70.43 

0.02527 

4.126 

84.6 

622.5 

0.1841 

1.2652 

681.9 

1.3745 

737.7 

1.4609 

39 

71.87 

0.02530 

4.048 

85.7 

622.7 

0.1863 

1.2635 

682.3 

1.3729 

738.2 

1.4592 

40 

73.32 

0.02533 

3.971 

86.8 

623.0 

0.1885 

1.2618 

682.7 

1.3712 

738.6 

1.4575 

41 

74.80 

0 02536 

3.897 

87,9 

623.2 

0.1908 

1.2602 

683.1 

1.3696 

739.0 

1.4559 

42 

76.31 

0.02539 

3.823 

89.0 

623.4 

0.1930 

1.2585 

683.4 

1.3680 

739.5 

1.4542 

44 

79.38 

0.02545 

1 3.682 

912 

623.9 

0.1974 

1.2552 

684.2 

1.3648 

740.4 

1.4510 

46 

82.55 

0.02551 

3.547 

93.5 

624.4 

0.2018 

1,2519 

684.9 

1.3616 

741.3 

1.4477 

48 

85,82 

0.02558 

3.418 

95.7 

624.8 

0.2062 

1.2486 

685.6 

1.3584 

742.2 

1.4445 

SO 

89.19 

0.02564 

3.294 

97.9 

625.2 

0.2105 

1.2453 

686.4 

1.3SS2 

743.1 

1.4412 

S2 

92.66 

0.02571 

3.176 

100.2 

625 7 

0.2149 

1.2421 

687.1 

1.3521 

744.0 

1.4382 

S4 

96.23 

0.02577 

, 3.063 

102.4 

626.1 

0.2192 

1.2389 

687.8 

1.3491 

744.8 

1.4351 

56 

99.91 

0.02584 

2.954 

104 7 

626.5 

0.2236 

1.2357 

688.5 

1.3460 

745.7 

1.4321 

58 

103.7 

0.02590 

2.851 

106.9 

626.9 

0.2279 

1.2325 

689.2 

1.3430 

746 5 

1.4290 

60 

107.6 

0.02597 

2.751 

109.2 

627.3 

0.2322 

1.2294 

689.9 

1.3309 

747.4 

1.4260 

62 

111.6 

0.02604 

2.656 

111.5 

627.7 

0.2365 

1.2262 

690.6 

1.3370 

748.2 

1.4231 

64 

115.7 

0.02611 

2,565 

113.7 

628.0 

0.2408 

1.2231 

691.3 

1.3341 

749.1 

1.4202 

66 

120.0 

0.02618 

2.477 

116 0 

628,4 

0.2451 

1,2201 

691.9 

1.3312 

749.9 

1.4172 

68 

124.3 

0.02625 

2.393 

118.3 

628.8 

0.2494 

1.2170 

692.6 

1.3283 

750.8 

1.4143 

70 

128.8 

0.02632 

2.312 

120 5 

629.1 

0.2537 

1.2140 

693.3 

1.3254 

751.6 

1.4114 

72 

133.4 

0.02639 

2.235 

122.8 

629.4 

0.2579 

1.2110 

694.0 

1.3226 

752.4 

1.4086 

74 

138.1 

0.02646 

2.161 

125.1 

629.8 

0.2622 

1.2080 

694.6 

1.3199 

753.3 

1.4059 

76 

143.0 

0.02653 

2.089 

127.4 

630.1 

0.2664 

1.2050 

695.3 

1.3171 

754.1 

1.4031 

78 

147.9 

0.02661 

2.021 

129.7 

630.4 

0.2706 

1.2020 

695.9 

1.3144 

755.0 

1.4004 

80 

153.0 

0 02668 

1.955 

132.0 

630.7 

0.2749 

1.1991 

696.6 

1.3116 

755.8 

1.3976 

82 

158.3 

p.02675 

1.892 

134.3 

631.0 

0.2791 

1.1962 

697.2 

1.3089 

756.6 

1.3949 

84 

163.7 

0.02684 

1 1.831 

136.6 

631.3 

0.2833 

1.1933 

697.8 

1.3063 

757.4 

1.3923 

86 

169.2 

0.02691 

1.772 

138.9 

631.5 

0.2875 

1.1904 

698.5 

1.3040 

758.3 

1.3896 

88 

174.8 

0.02699 

1.716 

141.2 

6318 

0.2917 

1.1875 

699.1 

1.3010 

759.1 

1.3870 

90 

180.6 

0.02707 

1.661 

143,5 

632.0 

0.2958 

1.1846 

699.7 

1.2983 

759.9 

1.3843 

92 

186.6 

0.02715 

1.609 

145.8 

632.2 

0.3000 

1.1818 

700.3 

1.2957 

760.7 

1.3818 

94 

192.7 

0.02723 

1.559 

148.2 

632,5 

0.3041 

1.1789 

700.9 

1.2932 

761.5 

1.3793 

96 

198.9 

0.02731 

1.510 

150.5 

632.6 

0.3083 

1.1761 

701.5 

1.2906 

762.2 

1.3768 

98 

205.3 

0.02739 

1.464 

152.9 

632.9 

0.3125 

1.1733 

702.1 

1.2881 

763.0 

1.3743 

100 

211.9 

0.02747 

1.419 

155.2 

633,0 

0,3166 

1.1705 

702.7 

1.2855 

763.8 

1.3718 

102 

218.6 

0.02756 

1.375 

157 6 

633.2 

0.3207 

1.1677 

703.3 

1.2830 

764.6 

1.3693 

104 

225.4 

0.02764 

1.334 

159.9 

633.4 

0.3248 

1.1649 

703.8 

1.2805 

765.3 

1.3668 

106 

232J 

0.02773 

1.293 

162.3 

633,5 

0.3289 

1.1621 

704.3 

1.2780 

766.1 

1.3643 

108 

239.7 

0.02782 

1.254 

164.6 

633.6 

0.3330 

1.1593 

705.0 

1.2755 

766.9 

1.3619 

no 

247.0 

0.02790 

1.217 

167.0 

633.7 

0,3372 

1.1566 

705.5 

1.2731 

767.6 

1 3596 

112 

254.5 

0.02799 

1.180 

169.4 

633.8 

0.3413 

1.1538 

706.1 

1.2708 

768.3 

1.3573 

114 

262.2 

0.02808 

1.145 

' 171.8 

633.9 

0.3453 

1.1510 

706.6 

1.2684 

769.1 

1.3550 

116 

270.1 

0 02817 

1.112 

174.2 

634.0 

0.3495 

1.1483 

707.2 

1.2661 

769.8 

1.3527 

118 

278.2 

0.02827 

1.079 

176.6 

634,0 

0.3535 

1.1455 

707.7 

1.2636 

770.5 

1.3503 

120 

286.4 

0.02836 

1.047 

179 0 

634.0 

0.3576 

1.1427 

708.2 

1.2612 

771.3 

1.3479 

122 

294.8 

0.02846 

1.017 

181.4 

634,0 

0.3618 

1.1400 

708.6 

1.2587 

772.0 

1.3455 

124 

1 303.4 

0.02855 

0.987 

183.9 

634.0 

0.3659 

1.1372 

709.1 

1.2563 

772.8 

1.3431 

126 

312.2 

0.02865 

0.958 

186.3 

633.9 

0.3700 

1.1344 

709.6 

1.2538 

773.5 

13407 

128 

321.2 

0 02875 

0.931 

188.8 

633.9 

0.3741 

1.1316 

710.0 

1.2513 

774.2 

1.3383 
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removed by an available cooling medium. In order to conserve refri- 
gerant, virtually all refrigeration systems are completely closed and the 
same refrigerant is recirculated. 

The fundamental heat equations (disregarding losses) which should be 
kept in mind are: (1) the heat absorbed in the evaporator plus the heat 
added to the refrigerant during compression equals the heat rejected by 
the condenser; (2) the heat added to the refrigerant during compression 
is equal to the input to the compressor shaft less the heat dissipated from 
the compressor to the surroundings. 

In the case where the compressor is driven by an electric motor, the 
heat due to compression is equal to the motor input less the electrical 
motor losses, less the power transmission losses and less the heat dis- 
sipated from the compressor to the surroundings. 


Heat of Compression 
Added to Gas 



Refrigerants 

There are many substances which might be used as refrigerants in 
mechanical refrigeration systems, but in practice the choice is limited 
by a wide variety of considerations including availability, cost, safety, 
chemical stability and adaptability to the type of refrigerating system 
to be used. 

In this chapter detailed consideration is limited to six substances, viz : 
ammonia, dichlorodifluoromethane (F 12 ), methyl chloride, carbon dioxide, 
monofiuorotrichloromethane (Fn), and water, properties for each of which 
are given in Tables 1, 2, 3, 4, 5 and 6. Each table gives the principal physi- 
cal properties of the saturated substance, and all are arranged in uniform 
fashion. In all except the water table, columns are included which give 
the heat content and entropy of the superheated vapor at two selected 
points. The first four refrigerants named are used in reciprocating 
and rotary compressors. The last two are used in centrifugal compressors. 
Water is also used in steam jet equipment. 
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Table 2. Properties of Dichlorodifluoromethane(Fi2) 



Ass. 




Heat Content and Entropy Taken From - 

-40 F 


Sa.t 

Temp. 

I^RESfl. 
Lb per 


JMili 

Heat Content | 

Entropy 

1 25 F Superheat 

[ 50 F Superheat 

if 

Sq In. 

Liquid 

Vapor 

Liquid 

Vapor 

Liquid 

V'apor 

Ht. Ct. 

Entropy 

Ht. Ct 

Entropy 

0 

23.87 

! 0.0110 

i 1.637 

8,25 

78.21 

0 01869 

0.17091 

81.71 

0.17829 

85.26 

0.18547 

2 

24 89 

0.0110 

1.574 

8.67 

78.44 

0.01961 

0 17075 

81.94 

0.17812 

85.51 

0.18529 

4 

25,96 

0.0111 

1.514 

9.10 

78.67 

0 02052 

0.17060 

1 82.17 

1 0 17795 

85.76 

0.18511 

5 

26.51 

00111 

1.485 

9.32 

78.79 

0 02097 

0.17052 

82.29 

1 0.17786 

85.89 

0.18502 

6 

27.05 

0.0111 

1.457 

9.53 

78.90 

0.02143 

0.17045 

1 82.41 

0.17778 

86.01 

0.18494 

8 

28.18 

0.0111 

1.403 

9.96 

79.13 

0.02235 

0.17030 

82.66 

0.17763 

86 26 

0.18477 

10 

29.35 

0 0112 

1.351 

10.39 

79.36 

0.02328 

0 17015 

82.90 

0.17747 

86.51 

0.18460 

12 

30.56 

0.0112 

1.301 

10 82 

79.59 

0 02419 

0.17001 

83.14 

0.17733 

86.76 

0.18444 

14 

31.80 

0.0112 

1.253 

11.26 

79.82 

0.02510 

0.16987 

83.38 

0.17720 

87.01 

0.18429 

16 

33 08 

0.0112 

1.207 

11.70 

80.05 

0 02601 

0.16974 

83.61 

0.17706 

87.26 

0 18413 

18 

34.40 

0.0113 

1 163 

12.12 

80.27 

0 02692 

0.16961 

83.85 

0.17603 

87.51 

0.18397 

20 

35.75 

0.0113 

1.121 

12.55 

80.49 

0.02783 

0.16949 

84.09 

0.17679 

87.76 

0.18382 

22 

37.15 

0.0113 

1.081 

13.00 

80.72 

0.02873 

0.16938 

84.32 

0.17666 

88.00 

0 18369 

24 

38.58 

0.0113 

1.043 

13.44 

80.95 

0.02963 

0.16926 

84.55 

0.17652 

88.24 

0.18355 

26 

40.07 

0 0114 

1.007 

13.88 

81.17 

0.03053 

0.16913 

84.79 

0.17639 

88.49 

0,18342 

28 

41.59 

0.0114 

0.973 

14.32 

81.39 

0.03143 

0.16900 

85.02 

0.17625 

88.73 

0.18328 

30 

43.16 

0.0115 

0.939 

14.76 

81.61 

0.03233 

0.16887 

85.25 

0.17612 

88.97 

0.18315 

32 

44.77 

0.0115 

0.908 

15.21 

81.83 

0.03323 

0.16876 

85.48 

0.17600 

89.21 

0.18303 

34 

46.42 

0 0115 

0.877 

15.65 

82.05 

0.03413 

0.16865 

85.71 

0.17589 

89.45 

0 18291 

36 

48.13 

0.0116 

0.848 

16.10 

82.27 

0 03502 

0 16854 

85.95 

0.17577 

89.68 

0.18280 

38 

49.88 

0.0116 

0 819 

16.55 

82.49 

0.03591 

0.16843 

86.18 

0.17566 

89.92 

0.18268 

39 

50.78 

0 0116 

0.806 

16.77 

82.60 

0.03635 

0.16838 

86,29 

0.17560 

90.04 

0.18262 

40 

51.68 

0.0116 

0.792 

17.00 

82.71 

0.03680 

0.16833 

86.41 

0.17554 

90.16 

0.18256 

41 

52.70 

0.0116 

0.779 

17.23 

82.82 

1 0.0372S 

0.16828 

86.52 

0.17549 

90 28 

0.18251 

42 

53.51 

0.0116 

0.767 

17.46 

82.93 

0.03770 

0.16823 

86.64 

0.17544 

90.40 

0.18245 

44 

55.40 

0 0117 

0,742 

17.91 

83.15 

0 03859 

0.16813 

86.86 

0.17534 

90.65 

0.18235 

46 

57.35 

0.0117 

0.718 

18,36 

83.36 

0 03948 

016803 

87.09 

0.17525 

90.89 

0.18224 

48 

59.35 

0.0117 

0.695 

18.82 

83.57 

1 0.04037 

0.16794 

87.31 

0.17515 

91.14 

0.18214 

50 

61.39 

0.0118 

0.673 

19.27 

83 78 

I 0.04126 

0.16785 

87.54 

0.17505 

91.38 

0.18203 

52 

63.49 

0.0118 

0.652 

19.72 

83.99 

0.04215 

0.16776 

87.76 

0.17496 

91.61 

0.18193 

54 

65.63 

0.0118 

0.632 

20.18 

84.20 

0.04304 

0.16767 

87.98 

0.17486 

91.83 

0.18184 

56 

67.84 

0.0119 

0.612 

20,64 

84.41 

0.04392 

0.16758 

88.20 

0.17477 

92.06 

0.18174 

58 

70.10 

00119 

0.593 

21.11 

84.62 

0.04480 

0.16749 

88.42 

0.17467 

92 28 

0.18165 

60 

72.41 

0.0119 

0.575 

21.57 

84.82 

0.04568 

0.16741 

88.64 

0.17458 

92.51 

0.18155 

62 

74.77 

0.0120 

0.SS7 

22.03 

85,02 

0 04657 

0.16733 

88.86 

0.17450 

92.74 

0.18147 

64 i 

77.20 

0.0120 

0.540 

22.49 

85.22 

0.04745 

016725 

89.07 

0.17442 

92.97 

0.18139 

66 

79.67 

0.0120 

0.524 

22.95 

85.42 

0.04833 

0.16717 

89.29 

0.17433 

93.20 

0.18130 

68 

82.24 

0.0121 

0.508 

23.42 

85.62 

0.04921 

0.16709 

89.50 

0.17425 

93.43 

0.18122 

70 

84.82 

0.0121 

0.493 

23.90 

85.82 

0.05009 

0.16701 

89.72 

0.17417 

93 66 

0.18114 

72 1 

87.50 

0.0121 

0.479 

24 37 

86.02 

0.05097 

0.16693 

89.93 

0.17409 

93.99 

0.18106 

74 I 

90.20 

0.0122 

0.464 

24.84 

86.22 

005185 

0.16685 

90.14 

1 0.17402 

94.12 

0.18098 

76 

93.00 

0.0122 

0.451 

25,32 

86.42 

0.05272 

0.16677 

90.36 

0.17394 

94.34 

0 18091 

78 

95.85 

0 0123 

0.438 

25.80 

86.61 

0.05359 

0.16669 

90.57 

0.17387 

94 57 

0 18083 

80 

98.76 

0.0123 

0.425 

26.28 

86 80 

0.05446 

0.16662 

90.78 

0.17379 

94.80 

0.18075 

82 

101.70 

0.0123 

0.413 

26.76 

86.99 

0.05534 

0.16655 

90.98 

0.17372 

95.01 

0.18068 

84 

104.8 

0.0124 

0.401 

27.24 

87.18 

0.05621 

0.16648 

91.18 

0.17365 

95,22 

0.18061 

86 

107.9 

0.0124 

0.389 

27.72 

87.37 

0.05708 

0.16640 

91.37 

0.17358 

95.44 

0.18054 

88 

111.1 

, 0.0124 

0 378 

28.21 

87.56 

0.05795 

0.16632 

91.57 

0.17351 

95.65 

0.18047 

90 

114.3 

0.0125 

0.368 

28.70 

87.74 

0.05882 

0.16624 

91.77 

0.17344 

95.86 

0.18040 

92 

117.7 

0.0125 

0.357 

29.19 

87.92 

0.05969 

0.16616 

91.97 

0.17337 

96.07 

0.18033 

94 

121.0 

0.0126 

0.347 

29.68 

88.10 

0.06056 

0.16608 

92.16 

0.17330 

96.28 

0.18026 

96 

124.5 

0 0126 

0.338 

30.18 

88.28 

0.06143 

0.16600 

92.36 

0 17322 

96.50 

0.18018 

98 

128.0 

0.0126 

0.328 

30.67 

88.45 

0.06230 

0.16592 

92.55 

0.17315 

96.71 

0.18011 

100 

131.6 

0.0127 

0.319 

31.16 

88.62 

0.06316 

0.16584 

92.75 

0.17308 

96 92 

0.18004 

102 

135.3 

0.0127 

0.310 

31.65 

88.79 

0.06403 

0.16576 

92.93 

0.17301 

97.12 

0.17998 

104 

139.0 

0.0128 

0.302 

32.15 

88.95 

0.06490 

0.16568 

93.11 

0.17294 

97.32 

0.17993 

106 

142.8 

0.0128 

0.293 

32.65 

89.11 

0.06577 

0.16560 

93.30 

0.17288 

97.53 

0.17987 

108 

146.8 

0.0129 

0.285 

33.15 

89.27 

0.06663 

0.16551 

93.48 

0.17281 

97 73 

0.17982 

110 

150.7 

0.0129 

0.277 

33.65 

89.43 

0.06749 

0.16542 

93.66 

0.17274 

97.93 

0.17976 

112 

154.8 

0.0130 

0.269 

34.15 

89.58 

0.06836 

0.16533 

93.82 

0.17266 

9811 

0.17969 

114 

158.9 

0.0130 

0.262 

34.65 

89.73 

0.06922 

0.16524 

93.98 

0.17258 

98.29 

0.17961 

116 

163.1 

0.0131 

0.254 

35.15 

89.87 

0.07008 

0.16515 

94.15 

0.17249 

98,48 

0.17954 

118 

167.4 

0.0131 

0.247 

35.65 

90.01 

0.07094 

0.16505 

94.31 

0.17241 

98.66 

0.17946 

120 

171.8 

0.0132 

0.240 

36.16 

90.15 

0.07180 

0.16495 

94.47 

0.17233 

98.84 

0 17939 

122 

176.2 

0.0132 

0.233 

36.66 

90 28 

0.07266 

0.16484 

94.63 

0.17224 

99.01 

0.17931 

124 

180.8 

0.0133 

0 227 

37.16 

90.40 

0.07352 

0.16473 

94.78 

0.17215 

99.18 

0.17922 

126 

185.4 

0.0133 

0.220 

37.67 

90,52 

0.07437 

0.16462 

94.94 

0.17206 

99.35 

0.17914 

128 

190.1 

0.0134 

0 214 

38.18 

90.64 

0.07522 

0.16450 

95.09 

0.17196 

99J3 

0.17906 

130 

194.9 

0.0134 

0.208 

38.69 

90.76 

0.07607 

0.16438 

95.25 

0.17186 

99.70 

0.17897 

132 

199.8 

1 0.0135 

0.202 

39.19 

90.86 

0.07691 

0.16425 

95.41 

0.17176 

99.87 

0.17889 

134 

2048 

0.0135 

0.196 

39.70 

90.96 

0.07775 

0.16411 

95.56 

0.17166 

100.04 

0.17881 

136 

209.9 

0.0136 

0.191 

40.21 

91.06 

0.07858 

0.16396 

95.72 

0.17156 

100.22 

0.17873 

138 

215.0 

0.0137 

0.185 

40.72 

91.15 

0.07941 

0.16380 

95.87 

0.17145 

100.39 

0.17864 

140 

220.2 

0.0138 

0.180 

41.24 

91.24 

0.08024 

0.16363 

96.03 

0.17134 

100.56 

0.17856 
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CHAPTER 25. REFRIGERATION 


Table 3. Properties of Methyl Chloride 


abs. Vo; 

Press. 

Lb per 

SQ In*- Liquid 


Heat Content and Entropy Taken From —40 F 


j Heat Content 

Entropy 

1 100 F Superheat 

j 200 F Superhait 

j Liquid 1 Vapor 

j Liquid 1 Vapor 

1 Ht. Ct. 1 Entropy 

1 Et. Ct. 

j Entropy 


0 18.73 0.0162 5.052 

2 19.60 0.0162 4.856 

4 20.47 0.0163 4.661 

5 20.91 0 0163 4.563 

6 21.39 0.0163 4.476 

8 2134 0.0164 4.303 

10 23.30 0.0164 4.129 

12 24.38 0.0164 3.984 

14 25.46 0.0164 3.839 

16 26.55 0.0165 3.693 

18 27.63 0.0165 3.548 

20 28.71 0.0166 3.403 

22 29.98 0.0166 3.288 

24 31.25 0.0166 3.172 

26 32.53 0.0167 3.057 

28 33.80 0.0167 2.941 

30 35.07 0.0168 2.826 

32 36.55 0.0168 2.734 

34 38.03 0.0169 2.642 

36 39.51 0.0169 2.549 

38 40.99 0.0169 2.457 

39 41.73 0.0170 2.411 

40 42,47 0.0170 2.365 

41 43.33 0.0170 2.328 

42 44.18 0.0171 2.290 

44 45.89 0.0171 2.216 

46 47.61 0.0171 2.141 

48 49.32 0.0172 2.067 

50 51.03 0.0172 1.992 

52 53.00 0.0172 1.931 

54 54.97 0.0173 1.870 

56 56.94 0.0173 1.810 

58 58 91 0.0173 1.749 

60 60.88 0.0174 1.688 

62 63.13 0.0174 1.638 

64 65 37 0.0174 1.588 

66 67.62 0.0175 1.539 

68 69.86 0.0175 1.489 

70 72 11 0.0176 1.439 

72 74.66 0.0176 1.398 

74 77.21 0.0177 1.357 

76 79.76 0.0177 1.315 

78 82.31 0.0178 1,274 

80 84.86 0.0178 1.233 

82 87.74 0.0178 1.199 

84 90.62 0.0179 1-165 

86 93.50 0.0179 1.130 

88 96.38 0.0180 1-096 

90 99.26 0.0180 1.062 

92 102.49 0.0180 1.033 

94 105.72 0.0181 1.005 

96 108.94 0.0181 0.9764 

98 112.17 0.0182 0.9478 

100 115.40 0.0182 0.9193 

102 119.00 0 0183 0.8952 

104 122.60 0.0183 0.8712 

106 126.20 0 0184 0.8471 

108 129.80 0.0184 0.8231 

110 133.40 0.0185 0.7990 

112 137.42 0.0185 0,7786 

114 141.44 0.0185 0.7583 

116 145.46 0.0186 0.7379 

118 149.48 0,0186 0 7176 

120 153.50 0.0187 0.6972 


14.4 ! 192.4 0.0328 0.4197 

15.1 193.1 0.0344 0.4196 

15.8 193.8 0.0360 0.4195 

16.2 194.1 0.0368 0.4195 

16.6 194 4 0.0376 0.4194 

17.3 195.1 0.0391 0.4193 

18.1 195.8 0.0407 0.4192 

18.8 196.3 0.0423 0.4184 

19.6 196.7 0.0439 0 4176 

20 3 197.2 0.0454 0.4168 

21.1 197.6 0.0472 0.4160 

21.8 198.1 0.0486 0.4152 

22.5 198.5 0.0501 0.4148 

23.3 198.9 0.0516 0.4143 

24.0 199.3 0.0532 0.4139 

24.8 199.7 0.0547 0.4134 

25.5 200.1 0.0562 0.4130 

26.2 200.5 0.0577 0.4124 

27.0 200.9 0.0592 0.4118 

27.7 201.4 0.0607 0.4111 

28.5 201.8 0.0622 0.4105 

28.8 202.0 0.0629 0.4102 

29.2 202.2 0.0637 0.4099 

29.6 202.4 0.0644 0.4096 

29.9 202-6 0.0651 0.4093 

30.7 203 0 0.0666 0.4087 

31.4 203.3 0.0680 0.4081 

32.2 203.7 0.0695 0.4075 

32.9 204.1 0.0709 0.4069 

33.7 204.4 0.0724 0.4063 

34.4 204.7 0.0739 0.4056 

35.2 205.1 0.0754 0.4050 

35.9 205.4 0.0769 0.4043 

36.7 205.7 0.0784 0.4037 

37.4 206.0 0.0798 0.4030 

38.2 206.3 0.0812 0.4024 

38.9 206.6 0.0827 0 4017 

39.7 206.9 0.0841 0.4011 

40.4 207.2 0.0855 0.4004 

41.1 207.5 0.0869 0.3998 

41.9 207.7 0.0883 0.3992 

42.6 208,0 0.0898 0.3985 

43.4 208.2 0.0912 0.3979 

44.1 208.5 0.0926 0.3973 

44 8 208.7 0,0940 0.3967 

45.6 209.0 0.0953 0.3960 

46.3 209.2 0.0967 0.3954 

47.1 209.5 0.0980 0.3947 

47.8 209.7 0.0994 0.3941 

48.6 209,9 0.1008 0.3935 

49 3 210.2 0.1022 0.3929 

50.1 210.4 0.1035 0.3922 

50.8 210.7 0.1049 0.3916 

51.6 210.9 0.1063 0.3910 

52.3 211.1 0.1076 0J903 

53.1 211.3 0.1090 0.3897 

53.8 211.4 0.1103 0.3890 

54.6 211.6 0.1117 0.3884 

55.3 211.8 0.1130 0.3877 

56.1 212.0 0.1144 0.3871 

56.8 212.2 0.1157 0.3864 

57-6 212.4 0.1171 0.3858 

58.3 212.6 0.1184 0.3851 

59.1 212 8 01198 0.3845 


215.6 0.467 237.2 0.507 

216.2 0.466 237.7 0.505 

216.7 0.465 238.2 0.5(W 

217.0 0.464 238.5 0.503 

217.3 0.464 238.8 0.502 

217.9 0.463 239.4 0.501 

218.5 0.463 240.0 0.500 

219 0 0.462 240.5 0.499 

219.5 0.462 241.0 0.498 

220.0 0.461 241.5 0.498 

220.5 0.461 242.0 0.497 

221.0 0.460 242.5 0 496 

221.5 0.459 243.0 0.495 

222.0 0 459 243.6 0.495 

222.4 0.458 244.1 0.494 

222.9 0.458 244.7 0.494 

223.4 0.457 245.2 0.493 

223.9 0.456 245.7 0.492 

224.3 0.455 246.2 0.492 

224.8 0.455 246.7 0.491 

225.2 0.454 247.2 0 491 

225.5 0.453 247.4 0.490 

225.7 0.453 247.7 0.490 

225.9 0453 248.0 0.490 

226.1 0.452 248.3 0.489 

226.6 0.451 248.8 0.489 

227.0 0.451 249.4 0.488 

227.5 0.450 249.9 0.488 

227.9 0.449 250.5 0.487 

228.2 0.448 251.0 0.486 

228.6 0.448 251.5 0.486 

228.9 0.447 252.0 0.485 

229.3 0.447 252.5 0.485 

229.6 0.446 253.0 0.484 

229.9 0.445 253.5 0.483 

230.3 0.444 254.0 0.483 

230.6 0.443 254.5 0.482 

231.0 0.442 255.0 0.482 

231.3 0.441 255.5 0.481 

231.6 0.440 256.0 0.480 

232.0 0.439 256.5 0,480 

232.3 0.439 256.9 0.479 

232 7 0.438 257.4 0.479 

233.0 0.437 257.9 0.478 

233.3 0.436 258.4 0.478 

233 6 0.435 258.9 0.477 

233.9 0.435 259.4 0.477 

234 2 0.434 259.9 0 476 

234.5 0433 260.4 0.476 

234.8 0.433 260.8 0 476 

235.1 0.432 261.2 0.475 

235.4 0.432 261.6 0.475 

235.7 0.431 262.0 0.474 

236.0 0.431 262.4 0.474 

236.4 0 430 262.8 0.474 

236.8 0.430 263.2 0.473 

237.1 0.429 263.5 0.473 

237.5 0.429 263.9 0.472 

237.9 0.428 264.3 0.472 

238.1 0.427 264.6 0.471 

238.3 0.427 264.8 0.470 

238-6 0.426 265.1 0 470 

238.8 0 426 265.3 0.469 

239.0 0.425 265.6 0.468 
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Table 4. Properties of Carbon Dioxide 


Sat. 

Temp. 

F 

Abs. 
Press. 
Lr per 
Sq In. 

Volume 


Heat Content and Entropy Taken From - 

-40 F 


Heat Content | 

1 Entropy 

1 50 F Superheat | 

1 100 F Superheat 

Liquid 

Vapor 

Liquid 

Vapor 

Liquid 

Vapor 

Ht. Ct. 

Entropy 

Ht. Ct. 

Entropy 

0 

305.5 

0.01570 

0.29040 

18.8 

138 9 

0 0418 

0.3024 

153.7 

0.3342 

167.5 

0.3612 

2 

315.9 

0.01579 

0.28030 

19 8 

138 8 

0.0440 

0.3014 

153.7 

0.3330 

167.6 

0.3600 

4 

326.5 

0.01588 

0.27070 

20 8 

138 8 

0.0461 

0.3005 

153.7 

0J318 

167.7 

0.3588 

5 

332.0 

0 01592 

0.26610 

21.3 

138.8 

0.0472 

0.3000 

153.7 

0.3312 

167.7 

0.3582 

6 

337.4 

0.01596 

0.26140 

21.8 

138 7 

0.0483 

0.2994 

153.7 

0.3306 

167.8 

0.3576 

8 

348.7 

0.01605 

0.25260 

22.9 

138.7 

0 0504 

0.2982 

153.7 

0.3293 

167.9 

0.3563 

10 

360.2 

0.01614 

0.24370 

24.0 

138.7 

0.0526 

0.2970 

153.7 

0.3281 

168.0 

0.3550 

12 

371.9 

0.01623 

0,23540 

25 0 

138 6 

0 0548 

0.2958 

153.7 

0.3270 

168.1 

0.3538 

14 

383.9 

0.01632 

0.22740 

26.1 

138-6 

0.0571 

0.2946 

153.7 

0.3259 

168.2 

0.3526 

16 

396 2 

0.01642 

0.21970 

27.2 

138.5 

0.0593 

0.2933 

153.7 

0 3249 

168.3 

0.3513 

18 

408.9 

0.01652 

0.21210 

28 3 

138.4 

0.0616 

0.2921 

153.7 

0.3238 

168.5 

0.3501 

20 

421.8 

0.01663 

0.20490 

29.4 

138.3 

0.0638 

0.2909 

153.7 

0.3227 

168.6 

0.3489 

22 

434 0 

0.01673 

019790 

30.5 

138.2 

0.0662 

0.2897 

153 7 

0.3214 

168.7 

0.3479 

24 

448.4 

0.01684 

0 19120 

31.7 

138.1 

0.0686 

0.2885 

153.7 

0.3202 

168.8 

0.3470 

26 

462.2 

0.01695 

0.18460 

32.9 

138.0 

00710 

0.2873 

153.7 

0.3189 

168.9 

0.3460 

28 

476.3 

0.01707 

0.17830 

34.1 

137.9 

0.0734 

0.2861 

153.7 

0.3177 

169.0 

0.3451 

30 

490.8 

0 01719 

0.17220 

35.4 

137.8 

0.0758 

0.2849 

153.7 

0.3164 

169.1 

0.3441 

32 

505.5 

0.01731 

0,16630 

36.7 

137.7 

0.0781 

0.2834 

153.7 

0.3158 

169.2 

0.3431 

34 

522 6 

0.01744 

0.16030 

37.9 

137.4 

0.0804 

0.2820 

153.7 

0.3151 

169.3 

0.3421 

36 

536.0 

0.01759 

0.15500 

39.1 

137.2 

0.0828 

0.2805 

153.7 

0.3145 

169.4 

0.3411 

38 

551.7 

0.01773 

0.14960 

40.4 

136.9 

0.0851 

0.2791 

153.7 

0.3138 

169.5 

0.3401 

39 

559.7 

0.01780 

0.14700 

41.0 

136.8 

0.0862 

0.2783 

153.7 

0.3135 

169.5 

0.3396 

40 

567.8 

0.01787 

0.14440 

41.7 

136.7 

0.0874 

0.2776 

153,7 

0.3132 

169.6 

0.3391 

41 

576.0 

0.01794 

0.14185 

42.3 

136.5 

0.0887 

0.2768 

153.7 

0.3127 

169.6 

0.3386 

42 

584.3 

0.01801 

0,13930 

42.9 

136.3 

0.0899 

0.2761 

153.7 

0.3122 

169.7 

0.3381 

44 

601.1 

0.01817 

0.13440 

44.3 

136.1 

0.0924 

0.2745 

153.7 

0.3112 

169.8 

0.3371 

46 

618.2 

0.01834 

0.12970 

45.6 

135.7 

0.0950 

0.2730 

153.7 

0.3101 

169.9 

0.3362 

48 

635 7 

0.01851 

0.12500 

47.0 

135.4 

0.0975 

0.2714 

153.7 

0.3091 

170.0 

0.3352 

50 

653.6 

0.01868 

0.12050 

48.4 

135.0 

0.1000 

0.2699 

153.7 

0.3081 

170.1 

0.3342 

52 

671.9 

0.01887 

0.11610 

49.8 

134.5 

0.1027 

0.2681 

153.7 

0.3069 

170.2 

0.3333 

54 

690.6 

0.01906 

0.11170 

51.2 

133.9 

0.1054 

0.2663 

153.7 

0.3057 

170.3 

0.3324 

56 

709.5 

0.01927 

0.10750 

52.6 

133.4 

0.1081 

0.2644 

153.7 

0.3046 

170.5 

0.3315 

58 

728 8 

0.01948 

0.10340 

54.0 

132.7 

0.1108 

0.2626 

153.7 

0.3034 

170.6 

0.3306 

60 

748.6 

0.01970 

0.09940 

55.5 

132.1 

0.1135 

0.2608 

153.7 

0.3022 

170.7 

0.3297 

62 

769.0 

0.01995 

0.09545 

57.0 

131.3 

0.1164 

0.2584 

153.7 

0.3012 

170.8 

0.3289 

64 

789.4 

0.02020 

0.09180 

58.6 

130.6 

0.1194 

0.2560 

153.7 

0.3002 

170.9 

0.3281 

66 

810.3 

0-02048 

0.08800 

60.2 

129.7 

0.1223 

0.2535 

153.7 

0.2991 

171.0 

0.3273 

68 

831.6 

0.02079 

0.08422 

61.9 

128.7 

0.1253 

0.2511 

153.7 

0.2981 

171.1 

0.3265 

70 

853.4 

0.02112 

0.08040 

63.7 

127.5 

0.1282 

0.2487 

153.7 

0.2971 

171.2 

0.3257 

72 

875.8 

0.02152 

0,07654 

65.5 

126.0 

0.1321 

0.2450 

153.7 

0.2962 

171.3 

0.3250 

74 

898.2 

0.02192 

0.07269 

67.3 

124.5 

0.1360 

0.2414 

153.7 

0.2953 

171.4 

0.3242 

76 

921.3 

0.02242 

0.06875 

69.4 

122.8 

0.1398 

0.2377 

153.7 

0.2945 

171.5 

0.3235 

78 

944.8 

0.02300 

0.06473 

71,6 

120.9 

0.1437 

0.2341 

153.7 

0.2936 

171.6 

0.3227 

80 

968.7 

0.02370 

0.06064 

73.9 

118.7 

0.1476 

0.2304 

153.7 

0.2927 

171.7 

0.3220 

82 

993.0 

0.02456 

0.05648 

76 4 

116.6 

0.1578 

0.2195 

153.7 

0.2920 

173.8 

0.3215 

84 

1017.7 

0.02553 

0.05223 

79.4 

113.9 

0.1679 

0.2087 

153.7 

0.2914 

176.0 

0.3209 

86 

1043.0 

0.02686 

0.04789 

83 3 

110.4 

0.1781 

0.1978 

153.7 

0.2907 

178.2 

0.3204 

87.8 

1069.9 

0.03454 

0.03454 

97.0 

97.0 

0.1880 

0.1880 

153.7 

0.2901 

180.1 

0.3199 


Types of Compressors 

There are many different types of compressors, using various refrig- 
erants. Each type has its advantages for its particular application, 
and those generally used for air conditioning are of the following types: 

1. Reciprocating compressors (commonly referred to as piston type). 

2. Centrifugal compressors. 

3. Steam jet. 

Reciprocating compressors are available in a wide range of sizes and 
types. Any of a number of refrigerants, including dichlorodifluoromethane 
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(F12), methyl chloride, ammonia, carbon dioxide, and sulphur dioxide 
may be used in reciprocating machines. The first of these is used exten- 
sively in direct expansion systems of comfort air conditioning. 

Compressors may be classified into two general types, (a) open type, 
(b) enclosed type. If the driving mechanism is external to the compressor, 
then the shaft must be brought out through the crankcase and a shaft 
seal or stuffing box must be used to prevent escape of the refrigerant. 
This type of compressor is known as an open-type compressor. When 
the driving mechanism is located within the crankcase of the compressor 
in such a way as to avoid the necessity of a shaft seal, the compressor is 
known as the completely enclosed or hermetically sealed type. 

Open type compressors may be further classified as belt driven and 
directly connected. A great number of direct-driven units are now being 
used which generally operate at higher rotational speeds than the belt- 
driven type. 

The present tendency is toward forced lubrication of the bearings of 
compressors by means of an oil pump driven from the crankshaft, although 
there are many splash lubricated compressors on the market. The chief 
advantages of the forced lubricated compressor are that the lubrication 
system requires less energy for its operation than the splash type, the oil 
can be easily filtered before it enters the bearings, and less oil is usually 
required. 

The compressor capacity must be selected for and matched to the 
maximum load for the installation on which it is to be used. Air-con- 
ditioning loads, however, vary over a wide range, and a wide fluctuation 
in air conditions may result during periods of light load if on-and-off 
control of full compressor capacity is used. To prevent such undesirable 
fluctuation, several methods are employed to vary the capacity of 
reciprocating compressors, such as: 

1. By-passing one or more cylinders, of a multi-cylinder compressor, from discharge 
to suction. 

2. Rendering the suction valves of one or more cylinders of a multi-cylinder compressor 
inoperative. This is usually accomplished by depressing the suction valves. 

3. Varying the speed of the compressor, usually by using variable speed or two-speed 
electric motors. 

4. Using clearance pockets to control the quantity of refrigerant pumped. 

5. Restricting the suction inlet to one or more of the cylinders of a multi-cylinder 

compressor either by an automatic modulating valve or by an on and valve. 

All of these methods, with the exception of variable speed, result 
in a slightly lowered overall compressor efficiency when in use, since the 
mechanical losses remain constant whereas the quantity of refrigerant 
pumped is lowered. 

Centrifugal compressors are used with very low pressure refrigerants; 
usually both evaporator and condenser work below atmospheric pressure. 
Water and monofluorotrichloromethane (Fn) are the refrigerants com- 
monly used in centrifugal machines. 

Compression of the refrigerant is accomplished by means of centrifugal 
force; therefore, this type of compressor is inherently suitable for large 
volumes of refrigerant at low pressure differentials. Two or more stages 
are usually required and high speeds are necessary to obtain good efficiency. 
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Table 5. Properties of Monofluorotrichloromethane (Fn) 


Sat 

^Abs. 

VOLTTME 

1 

Heat Content and Entropy Taken From ■ 

-40 F 

Temp. 

F 

T.B PER 



[ Heat Content j Entropy 

25 F Superheat 

SO F Superheat 


Sq In. 

Liquid 

Vapor 

liquid j 

Vapor liquid Vapor 

Ht Ct. Entropy 

Ht. Ct. Entropy 

0 

2.59 

0.01020 

13.700 

7.81 

90.4 0.0178 0.1975 

93.9 0.2049 

97.4 0.2120 

5 

2.96 

0.01024 

12.100 

8.81 

91.2 0.02000.1974 

94.7 0.2047 

98.2 0.2117 

10 

3.38 

0.01028 

10.700 

9.82 

92.0 0.0222 0.1973 

95.5 0.2045 

99.0 0.2114 

15 

3.85 

0.01032 

9.530 

10.80 

92.8 0.0243 0.1971 

96.3 0.2043 

99.8 0.2111 

20 

4.36 

0.01036 

8.490 

11.90 

93.7 0.02640.1970 

97.2 0.2041 

100.7 0.2109 

25 

4.94 

0.01040 

7.580 

12.90 

94.5 0.02860.1969 

98.0 0.2039 

101.5 0.2107 

30 

5.57 

0.01045 

6.770 

13.90 

95.3 0.0307 0.1969 

98.8 0.2038 

102.3 0.2105 

35 

6.27 

0.01049 

6.080 

14.90 

96.1 0.0328 0.1968 

99.6 0.2037 

103.1 0.2103 

40 

7.03 

0.01053 

5.460 

16.00 

96.8 0.0349 0.1968 

100.3 0.2036 

103.8 0.2101 

45 

7.88 

0.01057 

4.920 

17.00 

97.6 0.03700.1967 

101.1 0.2035 

104.6 0.2099 

50 

8.79 

0.01062 

4.440 

18.10 

98.4 0.03910.1967 

101.9 0.2034 

105.4 0.2098 

55 

9.80 

0.01066 

4.020 

19.10 

99.2 0.0412 0.1967 

102.7 0.2033 

106.2 0.2097 

60 

10.90 

0.01071 

3.640 

20.20 

100.0 0.0432 0.1967 

103.5 0.2033 

107.0 0.2096 

65 

12.10 

0.01076 

3.300 

21.30 

100.8 0.0453 0.1967 

104.3 0.2032 

107.8 0.2094 

70 

13.40 

0.01081 

3.000 

22.40 

101.5 0.0473 0.1967 

105.0 0.2032 

108.5 0.2093 

75 

14.80 

0.01086 

2.740 

23.50 

102.2 0.0493 0.1967 

105.7 0.2031 

109.2 0.2092 

80 

16.30 

0.01091 

2.500 

24.50 

102.9 0.0513 0.1966 

106.4 0.2030 

109.9 0.2090 

85 

17.90 

0.01096 

2.280 

25.60 

103-6 0.0533 0.1966 

107.1 0.2029 

110.6 0.2089 

90 

19.70 

0.01101 

2.090 

26.70 

104.4 0.0553 0.1966 

107.9 0 , 2 m 

111.4 0.2088 

95 

21.60 

0.01106 

1.918 

27.80 

105.1 0.0573 0.1966 

108.6 0.2^ 

1112.1 0.2087 

100 

23.60 

0.01111 

1.761 

1 28.90 

105.7 0.0593 0.1965 

109.2 0.2027 

112.7 0.2085 

105 

25.90 

0.01116 

1.620 

30.10 

106.4 0.0613 0.1965 

109.9 0.2026 

113.4 0.2084 


Table 6. Properties of Water 


Eiult Content AND Enteopt Taken Fbom +32 F 

Sat. Voltme 

Lb per Heat Content Entropy 50 F Superheat 100 F Superheat 

b ^ 

Liquid Fapor Liqmd Vapor Liquid Vapor Ht Ct. Entropy Ht. Ct. Entropy 

32 0.0887 0.01602 3296.0 0.00 1073.0 0.0000 2.18261096.9 2.22771120.8 2.2688 

35 0.1000 0.01602 2941,0 3.02 1074.40.0062 2.1724 1098.3 2.21721122.2 2.2581 

40 0.1217 0.01602 2441.0 8.05 1076.8 0.0163 2.15551100.6 2.20001124.5 2.2406 

45 0.1475 0.01602 2034.0 13.07 1079.2 0.0262 2.13901102.9 2.18321126.7 2.2234 

50 0.1780 0.01602 1702.0 18.08 1081.5 0.03612.12301105.2 2.16671129.0 2.2066 

55 0.2140 0.01603 1430.0 23.08 1083.9 0.0459 2.10731107.5 2.15061131.3 2.1902 

60 0.2561 0.01603 1206.0 28.08 1086.2 0.0556 2.09201109.8 2.13491133.5 2.1742 

65 0.3054 0.01604 1021.0 33,08 1088.6 0.0652 2.0771 1112.2 2.11961135.8 2,1585 

70 0.3628 0.01605 868.0 38.07 1090.9 0.0746 2.06251114.5 2.10461138.12.1432 

75 0.4295 0.01606 740.0 43.06 1093.2 0.0840 2.04831116.7 2.09001140.3 2.1283 

80 0.507 0.01607 632.9 48.05 1095.5 0.0933 2.03441119.0 2.07581142.5 2.1138 

85 0.596 0.01609 543.3 53.04 1097.8 0.1025 2.02081121.2 2.06191144.7 2.0996 

90 0.698 0.01610 467.9 58.03 1100.0 0.1116 2.00751123.4 2.0483 1146.8 2.0857 

95 0.815 0.01612 404.2 63.01 1102.3 0.12061.99461125.62.03501148.9 2.0721 

100 0.949 0.01613 350.3 68.00 1104.6 0.1296 1.98191127.9 2.02201151.1 2.0588 

105 1.101 0.01615 304.4 72.98 1106.8 0.13841.96951130,2 2.0093 1153.2 2.0458 


For properties of steam at high temperatures, see Table 8. Chapter 1. 
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The evaporator is usually constructed as an integral part of the centrif- 
ugal type condensing unit, to chill water which is then circulated to the 
air conditioning system. This is done because it would not be economical 
to pipe these large volumes of refrigerant any distance. 

Centrifugal compressors like reciprocating compressors can be divided 
into two general types, open and enclosed. In general, the open type 
compressor is geared to the driving mechanism, and operates at higher 
speed than the driving motor or turbine. A modern completely enclosed 
direct-driven, centrifugal compressor is illustrated in Fig. 2. 

The compressor capacity can be varied by controlling the condensing 
pressure. This is accomplished by regulating the quantity and tem- 
perature of the condenser cooling water. The capacity falls off with 
increasing condensing pressure. Centrifugal compressors are seldom 


2 nd. stage compressor Condenser 



Fig. 2, Enclosed Type Centrifugal Condensing Unit 


built for less than 50 tons capacity, since it is not practical to make 
impellers which pump much less than the volume of refrigerant required 
for this tonnage. 

The steam jet type of compressor, under certain circumstances, is 
desirable for use in air conditioning. Steam supplies directly the power 
used for compressing the refrigerant, thus eliminating the losses connected 
with other methods of supplying energy. As the compression ratio 
between the evaporator and condenser under normal circumstances is 
large, the mechanical efficiency of the equipment is somewhat lower than 
that of the positive mechanical type compressor. The condensing water 
requirements are considerably greater, as both the refrigerant and the 
impelling steam must be condensed. 

The steam jet system functions on the principle that water under high 
vacuum will vaporize at low temperatures. Steam jet boosters or com- 
pressors of the type commonly used in power plants for various processes 
will produce the necessary low absolute pressure to cause evaporation 
of the water. 
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A diagrammatic representation of a typical steam ejector water cooling 
system is shown in Fig. 3. The figures correspond to an average repre- 
sentative system. The water to be cooled enters the evaporator and is 
cooled to a temperature corresponding to the vacuum maintained. 
Because of the high vacuum, a small amount of the water introduced in 
the evaporator is flashed into steam. As this requires heat, and the only 
source of heat is the rest of the water in the evaporator tank, this other 
water is almost instantly cooled to a temperature corresponding to the 
boiling point determined by the vacuum maintained. The amount of 
water flashed into steam is a small percentage of the total water circu- 
lated through the evaporator, amounting to approximately 1 1 lb per hour 
per ton of refrigeration developed. The remainder of the water at the 


Running nozzles 


Condenser water 
outlet 98 F 



First stage condenser 


Condenser cooling 
water 80 F 


Fig. 3. Diagrammatic Arrangement of Steam Jet Vacuum Cooling Unit 


desired low temperature is pumped out of the evaporator and used at the 
point where it is required. 

The ejector compresses the vapor which has been flashed in the evapor- 
ator, plus any entrained air taken from the circulated water, to a some- 
what higher absolute pressure and the vapor and air mix with the impel- 
ling steam on the discharge side of the jet. The total mixture then passes 
from the ejector into the condenser. 

The slight amount of air which may be entrained in the cooled water 
is removed by a small secondary ejector which raises the pressure suffi- 
ciently so that the air can be discharged to the atmosphere. A secondary 
condenser is necessary to condense the steam in the secondary jet. 

Although steam jet vacuum cooling units have been built for as small 
as 5 to 6 tons capacity, a single booster of smaller than 15 tons capacity is 
difficult to build. They can readily be built for steam pressures of from 
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5 to 200 lb per square inch and condenser water temperatures as high as 
90 F. The steam consumption in pounds per hour per ton of refrigeration 
increases rapidly as the booster steam pressure is lowered. For example, 
the lowering of the booster steam pressure from 200 to 90 lb per square 
inch results in an increase in steam consumption of approximately 5 per 
cent whereas a further decrease in booster steam pressure to 10 lb per 
square inch increases the steam consumption by approximately 72 per 
cent over that required at 200 lb per square inch. 

The capacity of a steam jet system is usually controlled by controlling 
the number of boosters in use since the unit usually has several boosters 
operating on the same evaporator. Usually one booster is automatically 



25 30 35 40 45 50 55 

EVAPORATOR TEMPERATURE, DEG EAHR 

Fig. 4. Perfobmance Characteristics of Compression Refrigeration 
Machines at Constant Speed 

controlled whereas the others are manually operated. The capacity is 
dependent, as for all compressors, upon the evaporator temperature, or 
in other words, the suction pressure. For example, the capacity is 
lowered approximately 17 per cent if the evaporator or chilled water 
temperature is lowered from 50 to 45 F. The capacity therefore can be 
controlled to some extent by regulating the evaporator temperature. 

CHARACTERISTICS OF COMPRESSION SYSTEMS 

The various types of compression systems have quite different charac- 
teristics of capacity and power with varying evaporator and condenser 
temperatures, as may be noted from curves in Figs. 4 and 5. 
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From Fig. 5 it may be observed that power requirements for the centri- 
fugal compressor increase much more rapidly than for the reciprocating 
compressor with increase in evaporator temperature. Similarly, the 
capacities of the steam ejector and centrifugal compressors increase more 
rapidly than those of the reciprocating compressor with increase in evapor- 
ator temperature. Thus, both the steam jet and centrifugal machines 
tend to be more self-regulating than the reciprocating. It is also evident 
from Fig. 5 that the steam jet equipment is best suited for operation at 
high evaporator temperatures. 

The effect of condenser temperature upon the power and capacity of 
the different types of compressors is shown in Fig. 6. It may be noted 
that the power required by the reciprocating compressor increases rapidly 



Fig. 5. Performance Characteristics of Compression Refrigeration 
Machines at Constant Speed 

with increase in condenser temperature, while the power curye for the 
centrifugal compressor is relatively flat. It is also evident that the 
capacity of the steam jet compressor is independent of condenser tem- 
perature until a certain point is reached where it drops to zero. As 
previously stated, steam jet equipment requires more condensing water 
than other types of compression systems. Consequently, steam jet 
systems are well suited to those applications where condensing water is 
cheap, or where condensing water is rather high in temperature. 

ABSORPTION SYSTEMS 

The fundamental rule governing the absorption (in a closed system) of 
a gas by a liquid is Raoult’s Law, which states that at any given tem- 

490 



CHAPTER 25. REFRIGERATION 


perature the ratio of the partial pressure of a volatile component in a 
solution to the vapor pressure of the pure component at the same tem- 
perature is equal to its mol fraction in the solution. The mol fraction in 
turn is equal to the number of mols of substance divided by the total 
number of mols present. The number of mols in a given weight of a 
compound is equal to the weight divided by the molecular weight. 

This law applies strictly, only to what is known as an ideal solution, 
that is, one in which the inter-molecular forces between the substances 
present in the solution are equal. Actually, no such solutions exist, so 
that deviations from Raoult's Law are always found in practice. The 
deviation is called positive when the observed pressure is greater than 
that calculated from Raoult’s Law, while the term negative deviation 
refers to the opposite case. Negative deviations are found wherever 
chemical attraction exists between the solvent and the solute. Positive 



Fig. 6. Closed Absorption System 


deviation occurs when there is a difference in the internal pressure of the 
components, chemical attraction between them being absent. 

In order to make an effective absorption machine, large negative 
deviations from Raoult’s Law must be shown by solutions of the refrig- 
erant in the liquid absorbent, because the larger the negative deviation, 
the greater is the amount of refrigerant that can be cycled, using a given 
weight of absorbent. Cycling a large amount of refrigerant for a given 
weight of absorbent is important because of the heat required to raise the 
temperature of the mixture and disassociate the refrigerant and the 
absorbent. Only the latent heat of the refrigerant can be recovered for 
useful work. 

Many refrigerant-absorbent combinations have been proposed and 
quite a number have been tested. A diagrammatic representation of a 
typical closed absorption system is outlined in Fig. 6. In this system a 
mixture of refrigerant and absorbent is evaporated in the generator, 
passes to an analyzer and rectifier where it is purified, and then to a con- 
denser where the refrigerant and remaining absorbent is condensed. It 
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then passes through an expansion valve to an evaporator, where heat is 
absorbed from a cooling load. From the evaporator the vapor and resi- 
dual absorbent passes to an absorber where it meets absorbent which is 
initially low (weak) in refrigerant concentration. The absorbent absorbs 
the vapor and the strong absorbent liquor is transferred to the generator 
through an interchanger with the weak liquor returning from the generator. 

A cooling medium, ordinarily water, is used in the absorber to remove 
the heat of absorption and maintain the absorptive power of the absorber 
at a maximum. 

Like the steam jet system, the absorption system compares most 
favorably when a cheap source of cooling water and steam or other heat 
is available. Unlike the steam jet system, the comparative performance 
is usually best with a wide range of temperature between the evaporator 
and absorber, since with a good refrigerant-absorbent combination, the 
amount of heat and water required for a given refrigerating effect in- 
creases slowly with an increase of evaporator-condenser temperature 
range. 

At the present time the most used refrigerant-absorbent combinations 
are: (1) water and ammonia, and (2) dichloromonofluoromethane and 
dimethyl ether of tetraethylene glycol. With the latter combination the 
boiling points of the refrigerant and absorbent are sufficiently wide apart 
that almost pure refrigerant is obtained without the use of a rectifier. 

EXPANSION VALVES 

The thermostatic expansion valve is a device to regulate the flow of 
liquid refrigerant so that the evaporator will always be used to best 
advantage. The evaporator coil must be kept as full as possible without 
any chance of liquid refrigerant entering the suction line. The expansion 
valve accomplishes this by regulating the supply of refrigerant, so that 
the temperature of the gas leaving the evaporator is always slightly 
higher than the temperature of the boiling refrigerant inside of it. This 
difference in temperature between the outgoing (suction) gas and the 
liquid refrigerant in the evaporator is called the superheat of the gas. 

The operation of the thermostatic expansion valve can best be ex- 
plained by means of a diagram, Fig. 7. A small refrigerant charge in the 
control bulb exerts a pressure through the tube to the upper side of the 
diaphragm, which tends to open the valve. 

The magnitude of this pressure is determined by the temperature of the 
suction gas leaving the evaporator, as the control bulb is attached to the 
suction line at this point and is at approximately the same temperature. 
The suction pressure in the evaporator is transmitted through the equal- 
izer tap and exerts an opposing force on the other side of the diaphragm 
in the direction to close the valve. This pressure corresponds to the tem- 
perature of the boiling refrigerant. The resulting force on the diaphragm 
is determined by the differential between the temperature of the suction 
gas and the boiling point of the refrigerant, which is the amount of super- 
heat in the gas. If this temperature differential becomes greater (super- 
heat increases) , the resultant force on the diaphragm opens the valve and 
admits more refrigerant. The reverse is true if the superheat decreases, 
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and the valve partly closes, thus admitting less refrigerant. The spring 
keeps the valve closed until the resultant force on the diaphragm cor- 
responds to the desired superheat. The adjustment of the spring will 
change the amount of superheat to be maintained in the suction gas. 

The selection of the expansion valve is, of course, determined by the 
capacity of the valve. The capacity of a valve with a given orifice is 
determined by the refrigerant used, the differential of pressure across the 
valve and the amount the liquid is sub-cooled as it enters the valve. The 
expansion valves are usually rated at zero sub-cooling of the liquid, or 
100 per cent liquid. Oftentimes special devices are used to properly 
distribute the refrigerant among the parallel paths of the evaporator. 
These distributing devices usually have considerable pressure drop. 
Where they are used, the pressure drop across the expansion valve is not 
the difference between suction and discharge pressures, as allowance must 
be made for the pressure drop across the distributing device. An equal- 



Fig. 7. Typical Thermostatic Expansion Valve 


izer connection from the evaporator suction line must be made to the 
underside of the diaphragm (see Fig. 7) whenever the valve outlet is not 
at the evaporator pressure so as to insure suction pressure at this point. 
When distributing devices are used, this equalizer connection is essential 
for proper operation of the valve. Another pressure drop allowance must 
be made for the liquid line, particularly when the liquid line has an 
appreciable vertical rise. 


CONDENSERS 

Condensers used for liquifying the refrigerant are of three general 
designs: (1) air, (2) water, and (3) evaporative (combination air and 
water). 

Air Cooled 

Air cooled condensers are seldom used for capacities above 3 tons of 
refrigeration, unless an adequate water supply is extremely difficult to 
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obtain, as, for instance, in railway air conditioning. Even on fractional 
tonnage installations, air is used as the condensing medium only where 
water is expensive or where simplicity of installation warrants the higher 
condensing pressure, and consequent higher power costs than would be 
obtained using water as the condensing medium. 

The conventional air cooled condenser consists of an extended surface 
coil across which air is blown by a fan. The hot discharge gas enters the 
coil at the top and, as it is condensed, flows to a receiver located below the 
condenser. Air cooled condensers should always be located in a well 
ventilated space so that the heated air may escape and be replaced by 
cooled air. 

The principal disadvantages of air cooled condensers are the power 
required to move the air and the reduction of capacity on hot days. This 
loss of capacity due to high condensing pressures on hot days requires 
that equipment of increased capacity be selected to meet the peak load. 
Thus at normal loads the equipment is oversized. 

Water Cooled 

Water cooled condensers are of the double pipe type, the shell and tube 
type, or the shell and coil type. Double pipe condensers are arranged so 
that water passes through the inner of two concentric pipes and refrig- 
erant circulates through the annular space between the pipes. Where 
possible, there should be counter-flow of the refrigerant and the con- 
densing water to obtain maximum temperature differences. This type 
is usually used only with small condensing units. 

The amount and temperature of the condensing water determine the 
condensing temperature and pressure, and indirectly the power required 
for compression. It is therefore necessary to determine a balance so that 
the quantity of water insures economical compressor operation. 

Because there is a decided tendency to conserve the water in city mains 
and because most large cities are restricting the use of water for air con- 
ditioning and refrigeration equipment, it is often necessary to install 
cooling towers or evaporative condensers. Cooling towers, unfortunately, 
produce the warmest condensing water at the time when the load on the 
system is greatest, so that the refrigeration equipment must be designed 
to meet the maximum load at abnormal condensing water temperatures. 
If properly designed, this makes little difference in the efficiency of 
operation throughout the year except at those times when the condensing 
water temperature is highest. As this occurs only for 5 per cent of the 
entire cooling period it can be disregarded as a factor in establishing 
yearly operating costs. 

The cooling tower has a certain advantage over the use of water from 
the city mains. Economies are possible when a cooling tower is used, 
which cannot be achieved by the use of condensing water from city mains. 
In certain localities, the lowest city water temperature met during the 
summer months is from 65 to 70 F. This temperature range takes place 
for the entire cooling period, regardless of the outdoor temperature. 
With a cooling tower, the temperature of the condensing water may rise 
to 80 or 85 F under maximum conditions, but under less than maximum 
conditions the temperature of the water leaving the cooling tower drops 
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considerably. It has been established that in these localities during 
50 per cent of the time, the outdoor wet-bulb temperature varies from 
60 to 70 F and the cooling tower water, for the same periods, varies from 
65 to 75 F. When the outdoor wet-bulb temperature drops below 60 F, 
which occurs approximately 30 per cent of the time, the condensing water 
temperature is still lower. The cost of water used for condensing is small 
as the only water required is that used to make up the loss by evaporation 
in the cooling tower itself. Refer to the section on Cooling Towers in 
Chapter 27. 



Shell and coil condensers are in general use for medium sized condensing 
units, and consist of a coil of tubing mounted inside a shell. The cooling 
water passes through the coil. 

Evaporative Condensers 

Due to the high cost of city water for condenser purposes, and due to 
ordinances in some localities prohibiting the discharge of large quantities 
of such water into the sewage systems, there has been developed a con- 
denser which uses a minimum amount of water on a finned surface, cooling 
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it to approximately the wet-bulb temperature of the surrounding atmos- 
phere. 

The end view of a typical evaporative condenser is shown in Fig. 8. 
The fan draws the air over a finned tube condenser which is kept wet by 
a water spray. The discharge refrigerant gas from the compressor enters 
the top of the condenser coil and the liquid refrigerant is drained from the 
bottom of the coil into a liquid receiver and then circulates through the 
remaining portion of the system in the usual way. 

The water is circulated through the spray nozzles and the level is 
maintained in the sump by means of a float valve. The eliminator plates 
are placed in the path of the water-air mixture so as to remove the 
entrained water. The air leaving the unit is almost completely saturated, 
so that care must be taken in locating discharge ducts to prevent con- 
densation. 

Evaporative condensers are available in sizes up to 100 tons or more. 
These units use only a small portion of the water required for a water 
cooled condenser. The water is vaporized by the heat of the refrigerant 
so that each pound of water used extracts approximately 1000 Btu from 
the refrigerant, whereas, under standard rating conditions where the 
water temperature rise is 20 F, each pound of water extracts only 20 Btu 
from the refrigerant. Including the water lost by entrainment in the 
discharge air, by overflow and stand-by evaporation, the water used is 
about 3 to 5 per cent of the amount that would be required for a water 
cooled condenser. 

The evaporative condenser requires more maintenance, occupies greater 
space (must be located where air is available), and has a higher first cost 
than the water cooled condenser, but where the use of water is restricted 
or expensive, the evaporative condenser has become widely accepted. 
Compared with a water cooled condenser and cooling tower, which com- 
bination uses about the same quantity of water, the evaporative con- 
denser has the advantage of lower cost and smaller space requirements. 

EVAPORATORS AND COOLERS 

The types of coolers used in connection with air conditioning work fall 
into three general groups. The is the direct cooling of water; the 
second, direct cooling of air; and the third, cooling of brine for circulation 
in a closed system, which can cool either water or air. One method of the 
direct cooling of water is to install direct expansion coils in the spray 
chamber so that the water sprayed into the air comes in direct contact 
with the cooling coils. Another common and efficient method of cooling 
spray water is to use a Baudelot type of heat absorber where the water 
flows over direct expansion coils at a rate sufficiently high to give efficient 
heat transfer from water to refrigerant. 

Another type of spray water cooler is the shell and tube heat exchanger 
in which the refrigerant is expanded into a shell enclosing the tubes 
through which the water flows. The velocity of the water in the tubes 
affects the rate of heat transfer, and as the refrigerant is in the shell com- 
pletely surrounding the tubes at all times, good contact and a high rate of 
heat transfer are insured. The disadvantage of such a system is that with 
the falling off of load on the compressor the suction temperature or the 
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temperature in the evaporator drops and there is a possibility of freezing 
the water in the tubes, which, of course, might split the tubes and allow 
the refrigerant to escape into the water passage. This danger can be 
eliminated by automatic safety devices. 

Another system of cooling spray water is to submerge coils in the spray 
collecting tank, or in a separate tank used for storage. The heat trans- 
mission through the walls of the coils, however, is low and a great deal 
more surface is required than for any other type of cooler. However, with 
large storage tanks this type of cooling can be utilized to advantage. 

When direct cooling of air is employed, the refrigerant is inside the coil 
and the air passes over it. Cooling depends upon convection and con- 
duction for removing the heat from the air. The type of coil used can be 
either smooth or finned, the finned coil being more economical in space 
requirement than the smooth coil. The fins, however, must be far enough 
apart so as not to retain the moisture which condenses out of the air. 

The indirect cooler, where brine is cooled by the refrigerant and the 
resulting cold brine is used to cool either air or water, introduces several 
other considerations. It is not the most economical from a power con- 
sumption standpoint, as it is necessary to cool the brine to a temperature 
sufficiently low so that there is an appreciable difference between the 
average brine temperature and that of the substance being cooled. This 
requires that the temperature of the refrigerant must be still lovrer, and 
consequently the amount of power required to produce a given amount of 
refrigeration increases due to the higher compression ratio. There are 
other considerations which make such a system desirable. In the first 
place, where a toxic refrigerant is undesirable or cannot be used because 
of fire or other risks, especially in densely populated areas, the brine 
can be cooled in an isolated room or building and can then be circulated 
through the air conditioning equipment. This arrangement eliminates 
any possibility of direct contact between the air and refrigerant. 

REFRIGERANT PIPE SIZES 

The selection of proper pipe sizes and frictional pressure losses varies 
with the installation and the capacity of the system. Generally the 
suction piping should be selected so that the pressure loss is between 2 
and 3 lb per square inch. The pressure drop in liquid lines should be 
maintained so as to permit no vaporization in the pipes with limiting 
pressure drops not to exceed 5 lb per square inch. Hot or discharge gas 
lines should be limited to approximately 4 lb per square inch pressure 
drop. All pressure drops mentioned are total system losses and include 
not only the piping losses, but also the pressure losses in the valves, fittings 
and coils. 

Pressure drops for discharge or hot gas lines may be determined from 
Table 7. Pressure losses in liquid refrigerant lines of various sizes and 
capacities are given in Table 8. Pressure drops of suction refrigerant pipe 
lines at varying capacities and refrigerant temperatures are given in 
Table 9. Oil circulating with the refrigerant appreciably increases the 
pressure losses in both suction and discharge lines from that given in these 
tables. All tables are for 100 ft of pipe, including an average number of 
fittings, and for other lengths the losses are proportionate. Losses through 
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Table 7. Pressure Losses in Dichlorodifluoromethane Discharge 
OR Hot Gas Lixes^ 


Prjs^sri’E Drop in Poxjnds per Square Inch per 100 Prb 


Capacitt 
Btu per Hour 


Line Sizes. Inches 



% 

K 


IH 

m 


2H 

2^ 

SVs 

m 

10,000 

2.3 

1.0 

0.6 








15,000 

4.9 

2.0 

1.0 








20,000 

8.5 

3.4 

1.7 

0.6 







25,000 


5.3 

2.6 

0.9 







30,000 


7.5 

3.6 

1.2 

0.5 






40.000 



6.4 

2.1 

0.7 









9.8 

3.1 

1.0 

iS 









4.4 

1.3 

■sn 










1.9 






80,000 




8.0 

2.5 

1.1 





90,000 




10.2 

3.1 

1.4 





100,000 





3.8 

1.7 

0.5 




125,000 





6.0 

2.6 

0.7 




150,000 





8.5 

3.8 

1.0 




175,000 





11.6 

5.1 

1.3 




200,000 



j 



6.7 

1.7 

0.6 



250,000 






10.4 

2.6 

0.9 



300,000 







3.7 

1.2 

0.5 







■1 


6.7 

2.2 

0.9 









10.5 

3.5 

1.5 

0.7 






Hi 



5.0 

2.1 

1.0 

800,000 








9.0 

3.8 

1.8 










5.8 

2.9 










9.5 

4.4 

1,500,000 










6.4 

2,000,000 



i 







11.3 


ftSoft annealed copper tubing up to and including % in. outside diameter. Hard copper pipe in. 
outside diameter and larger. 

bLength of tubing includes the average number of fittings. 


control and regulating valves must be added to the other pipe losses to 
determine the total drop. All copper pipe referred to in these tables are 
of type L wall thickness and are designated by outside diameter. 

The effect of the sizes of refrigerant lines on the system may be studied 
by referring to the preceding discussion on Characteristics of Compression 
Systems. It will be noted that any lowering of the suction pressure at the 
compressor lowers the capacity. Therefore, excessive pressure drop 
through the suction piping should be avoided. On the other hand, the 
suction line must not be made too large when using refrigerants which are 
soluble in oil, because under such circumstances the velocity of the re- 
turning refrigerant may become too low to carry back the entrained oil. 
Pressure drop in the discharge line also lowers the capacity of the system 
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Table 8. Pressure Losses in Dichlorodifluoromethane 
Liquid Refrigerant Lines 


pRissuRE Drop in Pounds per Square Inch per 100 Ft» 


Capacitt 


Btu per Hour | 

Pipe Sizes, Inches 

1 

i H 1 i 

m 

m 

100,000 1 

0.6 1 

1 

\ 

i 

125,000 

0.9 

1 

1 


150,000 

1.3 




175,000 

1.8 




200,000 

2.3 

0.6 ! 



225,000 

2.9 

0.8 I 



250,000 

3.6 

LO 



275,000 

4.3 

1.2 



300,000 

5.1 

1.4 1 



325,000 

5.9 

1.6 



350,000 

6.9 

1.8 

i 


375,000 

7.9 

2.1 



400,000 

9.0 

2.3 

0.8 


450,000 


2.9 

1.0 


500,000 


3.5 

1.3 1 


550,000 


4.3 

1.5 j 

0.7 

600,000 


5.0 

1.8 

0.8 

700,000 


6.7 

2.4 

1.1 

800,000 


8.7 

3.1 

1.4 

900,000 



3.9 

1.7 

1,000,000 



4.7 

2.1 

1,200,000 



6.7 

3.0 

1,400,000 



9.0 

4.0 

1,600,000 




5.1 

1,800,000 




6.3 

2,000,000 




7.9 

2,200,000 




9.2 


aLength of tubing includes the average numoer of fittings. 


but not to the same extent as does the pressure drop in the suction line. 
The velocities of the refrigerant in either suction or discharge lines must 
not be excessive or noise will result. Velocities of 1000 to 2000 fpm are 
common in suction lines, and from 2000 to 3500 fpm are used in discharge 
lines. Velocities in the discharge lines as high as 5000 fpm can only be 
used where the fittings and bends are all stream-lined as noise will other- 
wise result. 

The pressure drop in the liquid line affects the capacity of the expansion 
valve as the pressure drop across the valve is reduced by the amount of 
the pipe line drop. If the liquid line drop is sufficient to cause flashing 
{i,e, vaporizing) of some of the liquid refrigerant, a hissing noise in the 
lines and valves usually develops. 
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Table 9. Pressure Losses in Dichlorodifluoromethane 
Suction Refrigerant Lines 


Copper Pipe 
AcruAi O.D. 
Inches 

Capacity 

Bru PER Hoim 

Pressure Drop in Pounds per Square Inch per 100 Ft» 

Refrigerant Temperature Dbg F 

-10 

0 

10 

20 

30 

40 

50 


2,000 

0.3 

0.3 

0.2 

0.2 



0.1 



1.3 

1.0 

0.8 

0.7 

0.6 

0.5 

0.4 



2,8 

2,2 

1.8 

1.5 

1.2 

1.0 

0.9 


8,000 

4.8 

3.8 

3.1 

2.6 

2.1 

1.8 

1.5 


10,000 

7.4 

5.8 

4.8 

3.9 

3.3 

2.8 

2.3 

y * 



8.4 

6.8 

5.6 

4.7 


3.3 



14.0 

11.0 

9.1 

7.6 

6.4 

5.4 

4.5 




14.5 

12.0 

9.8 

. 8.3 

7.0 

5.8 


18,000 



15.0 

12.3 

10.4 

8.7 

7.2 






15.0 

12.7 

10.7 

8.9 


7,000 

0.4 

0.3 

0.3 

0.2 

0.2 

0.2 

0.1 


10,000 

1.0 

0.7 

0.5 

0.5 

0.4 

0.3 

0.3 


15,000 

1.9 

1.5 

1.2 

1.0 

0.8 

0.7 

0.6 


20,000 

3,3 

2.6 

2.1 


1.4 

1.2 

1.0 

IK 

25,000 

5,0 

4.0 

3.2 

Warn 

2.2 

1.9 

1.6 


35,000 

9,7 

7.7 

6.2 

■9 

4.3 

3.6 

3.0 


45,000 

15.8 

12.6 

10.0 

8.4 

7.0 

5.9 

4.9 


60,000 




14.8 

12.2 

10.2 

8.6 

. 

70,000 






14.0 

11.7 


10,000 

0.3 

0.2 

0.2 

0.2 

0.1 

0.1 

0.1 


15,000 

0.7 

0.5 

0.4 

0.3 

0.3 

0.2 

0.2 


20,000 

1.2 

0,9 

0.7 

0.6 

0.5 

0.4 

0.4 


30,000 

2.6 

2.1 

1.6 

1.3 

1.1 

0.9 

0.8 

m 

40,000 

4.6 

3.6 

2.8 

2.3 

1.9 

1.6 

1.4 


50,000 

7.0 

5.5 

4.4 

3.5 

2.9 

2.5 

2.1 


60,000 

10.0 

7,8 

6.2 

5.0 

4.2 

3.5 

3.0 


80,000 


14.0 

11.0 

8.7 

1 7.3 

6.2 

5.2 


100,000 




13.5 

11.3 

9.5 

8.2 


30,000 

1.6 

1,3 

1.0 

0.8 

0.7 

0.6 

0.5 


40,000 

2.7 

2.1 

1.7 

1.4 

1.1 

0.9 

0.8 


50,000 

4.2 

3.2 

2.5 

2.1 

1.7 

1.4 

1.2 


60,000 

6.1 

4.5 

3.6 

2.9 

2.4 

2.0 

1.7 

m 

70,000 

8.7 

6.3 

4.8 

3.8 

3.1 

2.6 

2.2 


! 80,000 


8.4 

1 6.3 

4.9 

4.0 

3.3 

2.8 


90,000 



8.0 

6.2 

4.9 

4.1 

3.5 


100,000 



10.0 

7.6 

6.1 

5.0 

4.2 


120,000 





8.6 

7.0 

5.9 


140,000 






9.5 

7.9 


•Length of tubing includes the average number of fittings. 
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Table 9. Pressure Losses in Dichlorodifluoromethane 
Suction Refrigerant Lines ( Continued ) 




Pressure Drop in Pounds per Square Inch per 100 Ft* 

Copper Pipe 
Actual O.D 
Inches 

Capacitt 

Btu per Hour 








Reteuierant Temperature Deg F 



-10 

0 

10 

20 

30 

40 

so 


50,000 

0.7 

0.5 

0.4 

0.3 


0,2 



100,000 

2.6 

1.8 

1.4 

1.1 

BkI 

0.8 



150,000 

5.6 

3.9 

3.0 

2.4 

2.0 

1.6 

1.4 


200,000 

9.8 

6.7 

5.2 

4.1 

3.4 

2.8 

2.4 

2 y 8 

250,000 

14.8 

10.3 

8.0 

6.3 

5.1 

4.2 

3.6 


300,000 


14.5 

11.3 

9.0 

7.2 

6.0 

5.0 


350,000 


19.5 

15.3 

12.0 

9.7 

7.8 

6.7 


400,000 



19.6 

15.3 

12.5 


8.5 


50,000 

0.2 

0.2 


0.1 

0.1 

mm 

0.1 



0.7 

0.6 



0.3 

Km 

0.2 


150,000 

1.6 

1.2 

1.0 

0.8 

0.6 

0.5 

0.4 


200,000 

2.8 

2.1 

1.7 

1.4 

1.1 

0.9 



250,000 

4.3 

3.4 

2.6 

2.1 

1.7 

1.3 

1.1 


300,000 

6.1 

4.5 

3.7 


2.4 

1.9 

1.5 



8.2 


5.0 


3.2 

2.5 

2.0 




7.8 

6.5 

5.1 

4.2 

3.3 

2.7 


450,000 



7.7 

6.4 

5.3 

4.0 

3.5 


500,000 




7.8 

6.4 

5.0 

4.2 


550,000 





7.7 

6.2 

5.1 


600,000 






7.4 

6.2 


200,000 

1.2 

1.0 

0.8 

0.6 



0.4 


300,000 

2.6 

2.0 

1.6 

1.3 



0.7 


400,000 

4.5 

3.4 

2.6 

2.1 

HI 


1.3 




5.4 

4.1 

3.3 

2.7 

2.2 

1.9 


600,000 


8,1 

6.0 

4.7 

3.8 

3,1 

2.7 




8.4 

6.5 

S .2 

4.2 

3.5 






8.6 

6.8 

5.5 

4.6 


900,000 





8.7 

7.0 

5.9 


1.000,000 

H 





8.9 

7.3 


300,000 

1.2 

0.9 



0.5 




400,000 

2.0 

1.6 

1.3 






500,000 

3.2 

2.5 

1.9 


1.3 


mm 


600,000 

4.6 

3.6 

2.8 

2.2 

1.8 

1.5 

1.3 


700,000 

6.4 

4.9 

3.8 

3.0 

2.5 

2.0 

1.7 


800,000 

8.7 

6.4 

4.9 

3.9 

3.2 

2.5 

2.2 

900,000 


8.2 

6.2 



3.2 

2.7 



1,000,000 



7.7 



4.0 

3.3 


1,100,000 



9.4 



4.8 

4.0 


1,200.000 




8.7 

6.9 

5.6 

4.8 


1,300,000 





8.0 

6.6 

5.6 


L 400.000 





9.3 

7.6 

6.4 


aLength of tubing includes the average number of fittings. 
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Table 9. Pressure Losses in Dichlorodifluoromethane 
Suction Refrigerant Lines (Concluded) 


COPPBE PlPB 
Actual O.D. 
Inches 

Capacttt 

Btu pee Hour 

Pressure Drop in Pounds per Square Inch per 100 Fta 

Refrioerant Temperature Deq F 

-10 

0 

10 

20 

30 

40 

50 


400,000 

1.0 

0.8 

0.6 

0.4 

0.4 

0.3 

0.3 


600,000 

2.4 

1.8 

1.4 

1.1 

0.9 

0.7 

0.6 


800,000 

4.1 

3.1 

2.4 

2.0 

1.6 

1.3 

1.1 


1,000,000 

6.6 

4.8 

3.7 

3.0 

2.5 

2.0 

1.6 


1,200,000 

10.0 

7.1 

5.4 

4.4 

3.5 

2.9 

*2.4 

4H 

1,400,000 


10.0 

7.5 

5.9 

4.8 

3.9 

3.3 


1,600,000 



10.0 

7.7 

6.2 

5.1 

4.2 


1,800,000 




10.0 

7.9 

6.4 

5.3 


2,000,000 





9.7 

7.9 

6.6 


2,200,000 






9.5 

7.9 


•Length of tubing includes the average number of fittings. 


ICE SYSTEMS 

Cold water systems using ice as the cooling agent have been installed 
in many theaters, restaurants, funeral homes, churches and other places 
where short hours of operation and high peaks of cooling demand make 
this type of system desirable. A comparatively small quantity of ice in 
the water cooling tank of such a system can release refrigeration at a 
relatively rapid rate. For instance, neighborhood theaters having a peak 
demand of 1,200,000 Btu per hour (100 tons refrigeration) have found 8 
ton capacity ice bunkers satisfactory. 

In operation, the water in the air conditioning system is circulated over 
ice placed in an insulated box and is cooled to the 38 or 40 F range or 
higher if desired. This cold water is pumped from the ice bunker to air 
cooling coils or spray type air washers. The blowers, coils, air washer or 
air handling sections are the same as those parts in any system employing 
cold water as a refrigerant. 

The ice water cooler or ice bunker is usually built on the job in a location 
where it can easily be iced. It can be built of any desired material such as 
concrete, steel, or wood with a 4 in. thickness of standard insulation to 
save the ice from one period of use to the next. The basic requirement is 
that the tank be durable and water tight. A typical bunker with con- 
nections to a coil type air conditioning system is shown in Fig. 9. About 
60 cu ft of gross bunker volume is allowed per ton of ice capacity. 

The shape of the bunker usually conforms to the available space. The 
one illustrated has overhead sprays, but if head-room is lacking the ice is 
placed on the floor of the bunker with the water returned around the 
lower part of the blocks from a perforated distribution pipe run along one 
side of the bunker. To secure good circulation the supply water is 
extracted from a similar perforated pipe on the opposite side of the bunker* 
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The temperature of the water is controlled at a predetermined point 
by a thermostat in the supply line. If the temperature drops too low, a 
part of the return water is by-passed directly to the sump and is not 
cooled over the ice. In the larger systems it is customar>" to install an 
overflow control which, as the ice melts, discards the excess water through 
an economizer coil. The surface of the economizer is large in relation to 
the flow so that the water is warmed to 60 F or more as it is discharged 
from the system. 

EQUIPMENT SELECTION 

The selection of proper refrigeration equipment for any air conditioning 
job is of utmost importance for satisfactor>" results. The most important 
factors in the selection of the equipment are: 

1. Loads (as determined by the conditions of the space to be cooled). 

2. Economics (both initial and operating costs). 



3. Codes (local safety codes must be adhered to and influence the type of system to 
be used). 

A broad division of equipment to be used may be made on the basis of 
the magnitude of the load. Current general practice is outlined in 
Table 10. 

Unit or packaged systems, consisting of a reciprocating compressor, 
condenser, evaporator and fans, are generally used in the smaller sized 
jobs where electric power is available, as they are manufactured complete 
ready to install and are the most economical. 

The reciprocating compressor in the built-up central system covers the 
widest range of application since it is applicable to either the direct 
expansion or indirect systems and can be driven by steam or gas engines, 
or by electric motors. The quantity of condensing cooling medium 
required is also less than for any other system with the exception of the 
centrifugal compressor, which uses the same amount. 

Centrifugal compressors are used for large installations, and usually 
where the indirect system is required. The driving mechanism can be 
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Table 10. Basis of Equipment Selection 


Capacity 

Tons 

Majority Used 

Some Used 

Few Used 

0 to 5 

Unit systems in con- ' 
ditioned space. 

Unit central systems 
using duct distribu- 
tion. 

Built up central sys- 
tems. 

5 to 25 

Built up central sys- 
tems using reci proca t- 
ing compressors. 

Unit central systems 
using duct distribu- 
tion. 

Unit systems in con- 
ditioned space. 

Built up systems 
using absorption and 
adsorption systems. 

25 to 50 

Built up central sys- 
tems using reciprocat- 
ing compressors. 

Built up central sys- 
tems using centri- 
fugal compressors. 

Central systems 
using adsorption 
systems. 

50 to 400 

Built up central sys- 
tems using reciprocat- 
ing compressors. 

Built up central sys- 
tems using steam jet 
and centrifugal com- 
pressors. 

i 

400 and Over 

Built up central sys- 
tems using centri- 
fugal compressors. 

Built up central sys- 
tems using steam jet. 



steam turbine or electric motor. The steam jet system is used where 
steam is available and cooling water can be had in large quantities. 

It will be noted by referring to Fig. 4 that all systems using compressors 
have a common characteristic and that is, that the capacity varies with 
the evaporating temperature. Not only can the equipment be selected to 
produce a given result but the performance can be predicted under 
varying load conditions by the simple expedient of using the variable of 
evaporating temperature as the abscissa and the load or capacity as the 
ordinate in a series of curves. 

Manufacturers of compressors and cooling coils furnish performance 
data for apparatus that can be plotted in the form of curves similar to 
those shown in Fig. 10. The performance of a compressor is plotted as a 
series of curves, each curve being drawn for a given condensing pressure. 
The performance of a direct expansion coil at two different air velocities 
is plotted on the same graph. The operating point will be, of course, 
where the two curves cross. 


Table 11. Typical Operating Conditions for Two Types of Load 


Type op 
Enclosueb 

Load, Bttj per Hour 

Ratio 

Sensible 

TO 

Total 

AmENTBIlINO 

Coil 

Operating Balance Point 

Sensible 

Latent 

Total 

Deg 

F 

Per 

Cent 

R.H. 

Evaporator 

Temo 

DegF 

Condenser 
Pressure 
Lb per 

Sq In. 

Per Cent 
Sensible 
Heat 

Restaurant 

103,000 

o 

o 

o 

148,000 

0.695 

82 

45 

34.4 

123 

69.9 

Office 

121,000 

27,000 

148,000 

0.820 

82 

45 

42.2 

100 

82.1 
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Data given in Table 11 illustrate two types of conditioned enclosures 
having the same total load of 148,000 Btu per hour, but with two different 
ratios of sensible to total heat. In the case of the office with a ratio of 
82 per cent sensible to total heat, the operating point A in Fig. 10 is found 
to be 42.2 F evaporating temperature with a face velocity of 500 fpm. 
In the case of the restaurant, with a ratio of 69.5 per cent sensible to total 
heat, the^ air velocity is lowered to 300 fpm and the evaporating tem- 
perature is lowered to 34.4 F as shown in point B of Fig. 10. In order to 
obtain the same capacity, a larger condensing unit is used. This illus- 
tration assumes zero pressure drop through the suction line. The pres- 
sure drop can be taken into account by shifting the compressor per- 
formance curves by the amount of pressure drop expressed in degrees 
Fahrenheit. 



Fig. 10. Compressor and Coil Performance 


THE REVERSE CYCLE 


In heating by the reverse refrigeration cycle energy is absorbed in an 
evaporator from some available source of heat, pumped to a higher tem- 
perature and delivered to a condenser. The heat from the condenser is 
used for heating purposes. The compressor acts as a heat pump whose 
fundamental function is to raise the potential of the heat. The theoretical 
ratio of the heat delivered to the work of compression is given in Equa- 
tion 1. 



( 1 ) 


where 


Ti = absolute temperature of evaporator. 
T 2 = absolute temperature of condenser. 


Thus, with a small spread of temperature between the evaporator and 
the condenser, 6 or 8 times as much heat may be obtained theoretically, 
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and 3 to 6 times practically, as the work introduced^ There are a number 
of limitations, however, the most serious of which is the lack of ready 
availability of a practical source of heat. 

1. Well water is the most desirable since its temperature is higher than other sources 
even in the winter, and thus a large amount of heat may be removed in relation to the 
weight of water handled. 

2. Air may be used but its specific heat is low and its temperature uncertain. When 
the most heat is needed, the temperature of the air is lowest, thus resulting in the least 
favorable temperature combination. 

3. It has been proposed to obtain heat by freezing water but this is still in the experi- 
mental stage. 

Some of the other factors which act as limitations are: the large tem- 
perature spread when using air as a source of heat and when attempting 
to cool with even moderately low outside temperatures, the frequent 
disparity between the size of the cooling load and heating load requiring 



Fig. 11. Schematic Operation of Reversed Cycle Conditioning System 


extra equipment for a complete heating load, and the relatively high 
initial cost of equipment as compared to that at present available for 
heating by conventional means. 

Because of these limitations, the present application of the system is 
largely limited to temperate climates, such as Florida and Southern 


1 Cooling Homes, A Field for Refrigeration, by A. R. Stevenson, presented at the symposium of the 
Refrigeration with Gas Committee of the American Gas Association, April 20, 1926. 

The Heat Pump, An Economical Method of Producing Low-grade Heat from Electricity, by T. G. N. 
Haldane (JEleciric Review, Vol. 105, p. 1161-1162, December 27, 1929, and I. E. E. Journal, Vol. 68, p. 
666-675, June, 1930). 

Edison Building Heated and Cooled by Electricity, by H. L. Doolittle {Power, Vol. 74, p. 384, Septem- 
ber 8, 1931). 

House Heating by Pump with 5 to 1 Pick-up Ratio, by Gilbert Wilkes and R. E. Marbury (Electrical 
World, Vol. 100, p. 828. December 17, 1932). 

An All Electric Heating, Cooling and Air Conditioning System, by Philip Spom and D. W. McLenegan 
(A.S.H.V.E. TR-4.NSACTIONS, Vol. 41, 1935, p. 307). 

Using the Reversed Cycle Refrigerating Principle for a Self-Contained Heating and Cooling Unit, by 
Henry L. Galson (A.S.H.V.E. Journal Section, Heating, Piping and Air Conditioning, October, 1935, 
p. 49U. 

Heating by Reversed Refrigeration, by A. J. Lawless (Heating, Piping and Air Conditioning, August, 
p. 473, September, p. 519, 1940). 
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California, or to healing only for intermediate seasons, or to other locali- 
ties which have peculiar advantages as^ for instance, the ready availability 
of well water. In these locations it is frequently possible to do all of the 
heating necessary with the refrigeration equipment so that the extra cost 
is only that of reversing the functions of the condenser and evaporator. 

There are a number of reversed systems now in operation, particularly 
among utility companies, using well water as the source of heat. These 
systems range in size up to 320 hp. In the case of the largest system in 
operation at present, the cost of the electrical energy would have to be 
approximately 0.7 cents per kilowatthour in order to compete with oil at 
6 cents per gallon. 

^ A typical arrangement of a reversed cycle conditioning system where 
air is used as a source of heat is shown in Fig. 11. If the air seldom drops 
below freezing, heat is often required in the morning and cooling during 
the afternoon in order to maintain comfortable conditions in such a 
system. The arrangement as shown lends itself to automatically changing 
over as required. 

Emmple l. Electrically driven dichlorodifluorom ethane condensing units are to be 
used in an air conditioning system, requiring 20 tons refrigerating capacity for conditions 
of maximum load. An overall analysis of the seasons operating conditions shows an 
average load factor of 62.5 per cent, and allowing for variable time intervals of operation 
of refrigeration units installed, three-quarters of the operating season, or 750 hr, would 
require operation of the equipment at one-half load, and one-quarter of the operating 
season or 250 hr full load capacity of the refrigeration equipment would be required. 

The increased first cost of 2-10 hp, 10 ton condensing units over 1-20 hp, 20 ton con- 
densing unit is, $830.00 installed price, to the customer. 

The increased first cost of a 2-speed compressor motor of 20 hp size over a constant 
speed of 20 hp size motor including increased starter cost is $210.00. The efficiency of 
the 2-speed motor above is 83 per cent at full load speed, and 79 per cent for full load at 

speed. At 3^ speed, full load is H total bhp of full load speed. 

Discuss the consideration involved in making a decision as to whether a single unit 
with a 20 hp motor of the 2 speed type w’ould be used in preference to 2-10 hp constant 
speed units. 

Solution. The cost of 2-10 hp 10 ton units in excess of 1-20 hp, 20 ton unit with 2-speed 
motor, is $830.00 —$210.00 or $620.00, increased first cost. At 16 per cent fixed charges,, 
this represents an increased annual cost of $93.00 for 2 compressors over one compressor. 
The advantage of 2 compressors instead of one compressor on an installation of this type, 
is in the breakdown service provided in the event one compressor is shut down for repairs 
the system could be operated at one-half capacity utilizing the duplicate machine. The 
motor efficiency of the constant speed unit would be higher at full load than would be 
the efficiency of the 2-speed motor at low speed. Offsetting this latter advantage 
however, is the fact that the condenser on the condensing unit wrould provide a lower 
refrigerant condensing temperature for H load operation with the same final condensing 
water temperature than would be the case with duplicate units each furnished with its 
own compressor and condenser. Operation at a low^er condensing temperature would 
provide for a power saving compensating for the lower efficiency of the 2-speed motor 
when operated at slow speeds. It is, in a case of this kind, purely a question as to whether 
or not the purchaser would deem an investment of $620.00 more and an increased fixed 
charge of $93.00 a year, advisable to get breakdown service through the installation of 
duplicate units. In most cases, this increased first cost w^ould not be warranted because 
of the fact that satisfactory indoor conditions could not be obtained at full load if only 
one-half the refrigeration capacity were available. 

Example S. For condensing purposes, an air conditioning system uses city water 
which has an average 70 F supply temperature. The following table lists the number 
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of hours per year during which definite wet-bulb temperatures and corresponding 
refrigeration rates pertain. 


Wet-Bulb 

Temperatttee F 

No. OF Houhs 

FEB YeaB 

Rbfbigbration 

Required Tons 

80 

6 

284 

79 - 75 

100 

233 

74 - 70 

277 

183 

69 - 65 

330 

157 

64 - 60 

277 

144 

59 - 55 

158 

79 

54 - 50 

52 

37 


Total 1200 hours 



If the power requirements of a dichlorodifiuoromethane refrigeration system are in 
accordance with the following data on partial load operation, determine the seasonal 
power cost at 2 cents per kwhr: 

Tons of Refrigeration 284 233 183 157 144 79 37 

Kw per ton 0.89 0.89 0.87 0.86 0.86 0.93 0.97 


Solution. Seasonal power cost: 


Wet Bulb 
Temperature F 

Ton-Hours 

Kwhr 


80 

6 

X 

284 

= 1,704 

1,704 

X 

0.89 

= 1,517 

79 

~ 75 

100 

X 

233 

= 23,300 

23,300 

X 

0.89 

= 20,750 

74 

- 70 

277 

X 

183 

= 50,700 

50,700 

X 

0.87 

= 44,100 

69 

- 65 

330 

X 

157 

« 51,800 

51,800 

X 

0.86 

= 44,500 

64 

- 60 

277 

X 

144 

= 39,900 

39,900 

X 

0.86 

- 34,300 

59 

- 55 

158 

X 

79 

= 12,500 

12,500 

X 

0.93 

= 11,600 

54 

- 50 

52 

X 

37 

= 1,920 

1,920 

X 

0.97 

= 1,860 


Totals 




181,824 ton-hours 



158,627 kwhr 


The 158,627 kwhr at 2 cents per kwhr will cost $3,173. 

, 158,627 kwhr . 

The average consumption will be 324 ton hours ~ ^ 

Example S. Using the data from Example 2, if city water costs 20 cents per thousand 
gallons, and if 1.25 gal are used per minute per ton, estimate the annual water cost. 

Solution. 

60 X 1.25 = 75 gal per ton-hour. 

181,824 ton-hours X 75 = 13,620,000 gal per year. 

13,620,000 X $0.20 t . 

= $2,724 the yearly cooling water cost. 
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HEAT TRANSFER SURFACE COILS 


Coil Applications, Construction and Arrangement, Steam 
Coils, Water Coils, Direct-Expansion Coils, Flow Arrange- 
ments, Applications, Calculation of Heat Transfer, Air Flow 
Resistance, Coil Performance, Selection 

T he coils described in this chapter are used in air conditioning sys- 
tems for heating or cooling an air stream under forced convection. 
The surface coil equipment may be made up of a number of banks 
assembled in the field, or the entire assembly may be factory constructed. 
The applications of each type of coil are limited to the field within which 
it is rated. Other limitations are imposed by code regulations, by proper 
choice of materials for the refrigerants used and the condition of the air 
handled, or by an economic analysis of the possible alternates on each 
installation. 

For heating service, these coils are used as preheaters, reheaters or 
booster heaters, (see Chapters 21 and 22). The function of the coils is air 
heating only, but the apparatus assembly may include means for humidi- 
fication and air cleaning. Steam or hot water are the usual heating media, 
although others are used in special cases, such as reheating by means of 
discharge gas from a refrigerating system. 

Coils are used for air cooling with or without accompanying dehumidi- 
fication. Examples of cooling applications without dehumidification are 
precooling coils using well water or other relatively high temperature 
water to reduce the load on the refrigerating machinery, or water cooled 
coils to remove sensible heat in connection with chemical moisture- 
absorption apparatus. By proper coil selection it is possible to handle 
both sensible cooling and dehumidification together as further explained 
later. The apparatus assembly usually includes an air cleaning means to 
protect the coil from accumulation of dirt and to keep dust and foreign 
matter out of the conditioned space. Although cooling and dehumidi- 
fication are the usual functions, there are cases of cooling coils purposely 
wetted as an aid to air cleaning and odor absorption. 

The usual cooling media used in surface coils are cold water and volatile 
refrigerants such as dichlorodifluoromethane and methyl chloride, but 
others are used in special cases. Brines are seldom required for the range 
of applications covered by this chapter, although there are cases where 
low entering air temperatures with large latent heat loads require a 
refrigerant temperature so low that water becomes impractical. Some- 
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times, also, brine from an industrial system already installed is the only 
convenient source of refrigeration. 

For combined cooling and dehumidifying, surface coils present an alter- 
nate to spray dehumidifiers. For many applications it is possible, by 
proper selection of apparatus, choice of air velocities, refrigerant tempera- 
tures, etc., to perform the same duty with either. In a few cases both 
sprays and coils are used. The coils may then be installed within the 
spray chamber, either in series with the sprays or below them. In making 
the selection between spray and surface dehumidifiers, certain advantages 
of each should be considered. The fact that a spray dehumidifier is usually 
designed to deliver nearly saturated air tends to simplify the control 
problem. In this case the dry-bulb temperature is also the dew-point, and 
hence a dew^-point control can be arranged by using a simple duct thermo- 
stat. Spray dehumidifiers have the advantage over unwetted coils of a 
certain degree of air cleaning and odor absorption. On the other hand, 
coils make possible a closed and balanced cooling water circuit, obviating 
the unbalanced pumping head, the complication of water level control, 
and danger from possible floods incidental to multiple-spray dehumidi- 
fiers, especially if located on different levels. The use of coils often makes 
it possible for the same surface to serve for summer cooling and winter 
heating by circulating cold water in the one season and hot water in the 
other, with consequent saving in apparatus and piping. Surface-coil 
dehumidifiers seldom deliver saturated air, and wet-bulb depression of 0.5 
to 4 F (or more) is usual. Another advantage is that where the surface 
coil system can be used with direct expansion of refrigerant, it is com- 
paratively low in initial and operating costs. Of course the safety of the 
occupant must be kept in mind in comfort conditioning applications. Some 
localities have refrigeration codes which restrict the use of direct-ex- 
pansion coils in the air stream, and hence local codes should be consulted 
by the engineer before a system employing direct expansion methods is 
designed. The choice between spray dehumidifiers and coils depends upon 
the necessities and the economic aspects of each case and no general rule 
can be given. There are many installations in which either can be used. 

COIL CONSTRUCTION AND ARRANGEMENT 

Coils are basically of two types, those consisting of bare tubes or pipe 
and those of extended surface construction. The former are little used for 
the applications covered by this chapter, but are often employed where 
conditions cause frost accumulation, and for cooling surface within spray 
dehumidifiers. 

The heat transmission from air passing over a tube to a refrigerant 
flowing within it is impeded by three resistances. The same is true when 
the air is being heated by steam or hot water in the tube. The first 
resistance is from the air to the surface of the tube, usually called the 
outside surface resistance or air-film resistance. Second is the resistance 
to the flow of heat by conduction through the metal itself. Finally there 
is another surface or film resistance to the flow of heat between the inside 
surface of the metal and the fluid in the tube. For the applications under 
consideration both the resistance of the metal wall to heat conduction, 
and the inside surface or film resistance are usually low as compared with 
the air-side surface resistance. This is especially the case where sensible 
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heating or cooling only is accomplished. Where dehumidification accom- 
panies sensible cooling, or where the external surface of the tube is sprayed 
with large quantities of water, the resistance to heat flow between the tube 
and the air flowing over it is much decreased. In the case of the water 
spray, the surface resistance depends on the amount and the method of 
application of the water. Economy in space, weight and cost make it 
advantageous to decrease the external surface resistance, where it is 
proportionately large, to approach that of the tube wall, and that from 
tube to refrigerant. This is accomplished by increasing the external 
surface by means of fins. With water spray the external resistance is 
already low, and the fins are less useful for increasing the overall heat 
transfer. Sometimes water spray is applied to the same type surface as 
would have been used without it. The overall heat transfer is not neces- 
sarily increased much by such an arrangement, but the water spray may 
serve other purposes than to increase the flow of heat, such as air and 
coil cleaning. 

In fin or extended surface coils the external surface of the tubes is 
known as primary and the fin surface is called secondary. The primary 
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Fig. 1. Types of Fin Coil Arrangement 


surface consists generally of round tubes or pipes. In some cases these 
are staggered and in others in line with respect to the air flow. The 
staggered arrangement gives a somewhat higher heat transfer value but 
also a higher resistance to air flow and in some cases makes the header 
and return bend arrangement more complicated. A number of types of 
fin arrangement are used, the most common of which are spiral, flat and 
flat-crinided or corrugated, all as shown in Fig. 1. While the spiral fin 
surrounds each tube individually in all cases, the flat types may be con- 
tinuous (including several rows of tubes), or tliey may be round or square, 
with individual fins for each tube. All of .these, as well as other less 
common types, are in use, the selection for a particular installation being 
based on economic considerations, space requirements and resistances of 
individual designs of coils. A most important factor in the performance 
of extended surface coils is the bond between the fin and the tube. An 
intimate contact is assured in a number of ways. The assembled coil may 
be coated with tin, zinc, etc., after fabrication. The spiral type fin may 
be knurled into a shallow groove on the exterior of the tube. The tube 
may be expanded after the fins are assembled, or the tube hole flanges of a 
flat or corrugated fin may be made to override those in the preceding 
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fin and so compress them upon the tube. There are also types of con- 
struction where the fin is formed out of the material of the tube itself. In 
any case the successful performance of a fin surface depends upon the 
bond between fin and tube being secure and remaining so in service. 

For heating coils the materials most generally used are copper, steel and 
aluminum. Sometimes aluminum or brass fins are used on copper tubes. 
Steel is uncommon except in special cases. Some types of heating coils are 
made of cast-iron. There are sufficient practical installations of each of 
these to demonstrate that they can all give good service. However for 
equal performances brass and aluminum fins must be of greater thickness 
than copper fins on account of their lower coefficients of conduction. The 
copper coils are frequently tin-dipped and steel coils galvanized to protect 
them from corrosion and to assure a bond between fin and tube. 

Cooling coils for water or for volatile refrigerants are most frequently 
of copper, both fin and tube. Aluminum fins on copper tubes are also 
used. For brines such as sodium or calcium chloride and for ammonia, 
steel fins and tubes are common. 

Although there are many variations for special cases, tube and fin sizes 
and spacings for air conditioning coils, both heating and cooling, fall 
within fairly narrow limits. The tubes are usually 5^, or % in. OD, 

and the fins spaced from 4 to 8 per inch, 6 per inch being a common 
design. The tube spacing generally varies from about to 2 in. on 
centers. Small tube size and close fin spacing give large capacity with 
small space demand, but the resistance, both over the surface and through 
the tubes, is higher than with larger tubes and more widely spaced fins. 
Moreover, too close a fin spacing may result in trouble from dirt accumu- 
lation, especially on dehumidifying coils, and may also cause trouble 
from water hold-up between the fins, particularly with air flow 
vertically upward. This condition increases the air resistance and de- 
creases the capacity of the coil. Water hold-up sometimes causes flooding 
trouble in vertical air flow units by accumulating too much water for the 
drain to handle all at once when the fan is stopped. 

Steam Coils 

For proper performance of steam heating coils, condensate and air 
must be continually eliminated and the steam must be evenly distributed 
to the individual tubes. This distribution is usually accomplished by 
individual orifices in the tubes, by distributing plates and orifice in the 
steam header, or by perforated internal steam-distributing pipes extending 
into the individual tubes. The latter arrangement has 5ie advantage of 
distributing the steam throughout the length of each tube, and is con- 
ducive to uniform delivered air temperatures. The tendency for freezing 
of condensate at the bottom of the coil with cold entering air and light 
heating loads is also minimized. This is especially valuable for outside 
air preheaters. Methods of air and condensate elimination are discussed 
in detail in Chapters 14, 15 and 22. 

Water Coils 

The performance of water coils, for heating or cooling, depends on the 
elimination of air from the system and proper distribution of water. Air 
elimination is taken care of in the system piping as described in Chapter 
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16. To assure a pressure drop sufScient for adequate distribution but at 
the same time to provide against excessive pumping head where large 
water quantities are handled, water coils are provided with various water 
circuit arrangements. For instance, a typical coil 18 tubes high and 6 
tubes deep in the direction of air flow can be arranged for 6, 9, 18 or 36 
parallel water circuits as conditions may require. Orifices in individual 
tubes are occasionally employed but are usually unnecessary as the 
resistance of individual water circuits is generally sufficient to effect a 
satisfactory distribution. In cases such as well water precooling coils, 
where there may be considerable sand and other foreign matter in the 
water, provision for cleaning of individual tubes is of advantage. It is 
important to arrange water coils for drainage if located where they will be 


Water outlet | 




Fig. 2. Various Water Circuit Arrangements 

exposed to freezing. For this reason the circuits should be so laid out that 
there are no pockets to hold water. Fig. 2 shows such construction. The 
drains may be provided in the water piping although they are often 
arranged in the coil headers. 

Direct- Expansion Coils 

Coils for volatile refrigerants present more complex problems of fluid 
distribution than do water, brine or steam. It is desirable that the coil 
be effectively and uniformly cooled throughout, and necessary that the 
compressor be protected from entrained, unevaporated refrigerant. There 
are two types; namely, flooded systems, and thermal expansion valve 
systems, as shown in Figs. 3 and 4. With flooded control the coils are 
supplied with liquid by the same type of circulation that exists in a water 
tube boiler, while the level in the surge drum is maintained by the action 
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of the float regulator, or by properly charging the plant in the case of the 
high pressure float drainer. The thermal expansion valve system depends 
upon the thermal valve automatically feeding just as much liquid to the 
coils as is required to maintain the superheat at the coil suction outlet 
within predetermined limits which vary from about 6 to 10 F. The 



Flooded System Thermal Valve System 


thermal valve arrangement is in common use for the type of coils covered 
by this chapter, while the flooded system is comparatively rare. 

With the flooded system the refrigerant distribution through the tubes 
depends on properly selecting the length of the feeds and the head of 
liquid imposed upon the liquid inlets. No auxiliary distributing devices 




Fig. 5. Types of Refrigerant Feed Distributing Heads 

are required. With the thermal valve system there are two factors to 
consider. There must be, generally, more than one refrigerant feed 
through the coil per thermal valve to keep the pressure drop through the 
refrigerant circuit within practical limits and to reduce the corresponding 
penalty in increased evaporating temperature. At the same time the 
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coil must be so arranged that the required suction superheat can be 
attained with a minimum sacrifice in the performance of the coil as a 
whole. It is general practice to attain this superheat within the coil 
itself and not by the use of external heat exchangers or other auxiliary 
devices. 

With thermal expansion valves it is advantageous to keep the pressure 
drop through the refrigerant feeds as low as possible. The feeds are laid 
out to expose each to the same mean temperature difference so that it 
handles the same refrigerating load. A distributing means is imposed 
between valve and coil liquid inlets to divide the refrigerant equally 
among the feeds. Such a distributor shall be effective for distributing 
both liquid and vapor, since the entering refrigerant is a mixture of the 



Fig. 6. Arrangement for Fig. 7. Arrangement for 
Face Control Depth Control 


two. Fig. 5 shows three typical types of distributors. In distributor A 
the liquid and gas mixture from the thermal valve is led tangentially into 
a chamber. The coil feed connections extend outward radially at the top 
of this chamber. In distributor B the refrigerant is discharged at a high 
velocity through a central jet against the end plate, forming a uniform 
mixture of gas and liquid within the distributor, from which individual 
connections are led as shown. In type C the refrigerant enters at high 
velocity from the thermal valve and is discharged against the end plug 
in which the individual liquid feeds are closely arranged. These distribu- 
tors can be used in either vertical or horizontal position. Although there 
are other forms of distributors the above are typical examples. The 
individual liquid connections from the distributor to the coil inlet are 
commonly made of small diameter tubing and are all of the same length 
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and diameter in order to impose the same friction between the distributor 
and the coil. Since the thermal valves act in response to the superheat 
at the coil outlet, this superheat should be produced with the least pos- 
sible sacrifice of active evaporating surface. Sometimes a single thermal 
valve is used per coil. In other cases multiple valves are used, with the 
coil divided across the air flow or parallel to the air flow^ as shown in Fig. 6. 
The arrangement of Fig. 7 should be avoided since it offers the disad- 
vantage of unequal load on the two parallel circuits. 

Flow Arrangement 

The relative direction of flow of the air outside the tubes and the 
medium within them influences the performance of the surface. There 
are three types of relative flow in common use. Fig. 8A shows parallel- 
flow in whidi the air and the medium in the tubes proceed through the 
coil in the same direction. Fig. 8B shows counter-flow in which the 



Fig. 8. Flow of Media in Tubes in Relation to Air Flow 

medium in the tubes proceeds in a direction opposite to the flow of air. 
Fig. 8C shows cross-flow in which the air and the medium in the tubes 
pass at right angles to each other. Parallel flow is seldom used for the 
reason that a lesser mean temperature difference results than with counter- 
flow. The counter-flow arrangement is almost universally used in brine 
or water coils to take advantage of the highest possible mean temperature 
difference for given entering water and air temperatures. It is also 
invariably used in coils fed with volatile refrigerant to take advantage of 
the higher air temperature for superheating the leaving gas. This 
arrangement assists complete evaporation and superheating of the re- 
frigerant which is essential to proper operation of the thermal expansion 
valve. Cross-flow is common in steam heating coils, the temperature 
within the tubes being substantially uniform and the mean temperature 
difference the same whatever the direction of flow, relative to the air. 
Cross-flow is to be avoided in coils with volatile refrigerants on account 
of unequal loading of parallel circuits and danger of short circuiting of 
liquid refrigerant which will disturb proper functioning of the thermal 
expansion valve. 
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Applications 

Heating coils in field assembled banks are used for a number of pur- 
poses as described in Chapter 21. They may be arranged with the air 
flow vertical or horizontal, although the latter is more common. For 
steam heating the coils may be set with the tubes vertical or horizontal. 
In the latter case the coil should be sloped to provide for condensate 
drainage. Because of the multi-circuit feed arrangement and the neces- 
sity for avoiding air and water pockets, w’ater heating coils are generally 
arranged with the tubes horizontal. Certain precautions must be taken 
against freezing. Where steam coils are used with entering air below 
freezing temperature, throttling the steam supply may result in freezing 
the condensate in the bottom of the coil if the tubes are of the variety not 
provided with internal distributing pipes, or an equivalent arrangement. 



Fig. 9. Typical Arrangement of Cooling Coils in a Central System 


If these are used, there is little danger of freezing the condensate as long 
as the leaving air temperature is not allowed to fall below about 40 F. 
As an added precaution with both steam and water coils the outside air 
inlet dampers are often closed automatically when the fan is stopped to 
avoid trouble caused by very cold outside air drifting in during periods. 

A typical arrangement of water cooling coils is shown in Fig. 9. ^ Some 
means should be provided to filter all the entering air to keep dirt and 
foreign matter from accumulating on the coils. The assembly is provided 
with a drip-pan to catch the condensate during summer dehumidifying 
duty and to collect the non-evaporated water from the humidifying sprays 
in winter. The drip connection should be made ample in size and liberally 
provided with plugged tees and crosses for cleaning. It should not be 
exposed to freezing temperatures in winter if the apparatus is used on 
winter humidifying duty. Access doors should be provided for servicing 
filters, humidifying nozzles, and fan bearings and for cleaning the coils. 
With certain designs of coils when used for dehumidifying, eliminators must 
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be used beyond the coil to catch any water which may be blown into the air 
stream. It is customary to include these eliminators when the air velocity 
exceeds about 450 fpm with the individual fins and about 600 fpm for the 
continuous flat fin type. Where a number of coil sections are stacked one 
upon another, and where the velocities are low, so that eliminators need 
not be used, occasional trouble results when water splashes down from 
one coil to the next and blows out into the air stream. In such cases drip 
troughs as shown in Fig. 10 are used to collect this water and conduct 
it to the condensate pan. 

Sometimes finned surface coils on summer cooling and dehumidifying 
duty are provided with water sprays. These sprays are of two types. 
In the first type a set of spray nozzles is arranged for intermittent cleaning. 
The operator can wash the coils off as frequently as necessary. These 



Fig. 10. Coil Arranged with 
Drip Trough 


Fig. 11. Recirculating Spray System 
FOR Cleaning Coils 


sprays are not operative when the system is in use and no recirculating 
pump is provided. The second arrangement requires a collecting tank 
and a recirculating pump. The water is in circulation whenever the 
apparatus is in operation, and assists in keeping the coil clean and in 
absorbing odors. Fig. 11 illustrates such an arrangement. Wherever 
air by-passes are used around a coil on summer duty for control purposes, 
it is of advantage to direct only return air through the by-pass rather than 
a mixture of return and outside air. The casing should be arranged 
accordingly. To maintain the air quantity handled by the fan reasonably 
constant, and to assure the required design quantity of by-passed air 
when the by-pass damper is open, cooling coil banks are frequently 
furnished with both face and by-pass dampers as shown in Fig. 9. 

Although both heating and cooling coils are made of sufficient strength 
to take up expansion and contraction arising within themselves, care 
should be taken to avoid imposing strains from the piping on to the coil 
connections. (See Chapters 15 and 16). 
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HEAT TRANSFER AND AIR FLOW RESISTANCE 

The transfer of heat between the heating or cooling medium and the 
air stream is influenced by several variables : 

1. The temperature difference. 

2. The design and surface arrangement of the coil. 

3. The velocity and character of the air stream. 

4. The velocity and character of the medium in the tubes. 

^ The driving force is usually taken as the logarithmic mean temperature 
difference for heating or cooling without dehumidification. For combined 
cooling and dehumidification, a special measure of the propelling force is 
used as described later. Logarithmic differences are generally employed 
in practice although there are special flow relationships used, such as 
cross-flow, where they do not strictly apply. With volatile refrigerants 
there is often an appreciable pressure drop and corresponding change in 
evaporating temperature through the refrigerant circuit. The problem 
is further complicated by the fact that the refrigerant is evaporating 
in part of the circuit and superheating in the remainder. In spite of this, 
heat transfers and ratings for coils using volatile refrigerants are usually 
based in practice on a refrigerant temperature corresponding to the 
average pressure in the coil. 

The design and surface arrangement of the coil includes such items as 
materials, type, thickness, height and spacing of the fins, and the ratio 
of this surface to that of the tube, the use of the staggered or in-line tube 
arrangement, and provisions to increase the air turbulence such as the 
use of corrugated as against flat fins. Staggered tubes increase the total 
heat transfer as against the in-line arrangement and corrugated fins are 
more effective than fiat. Of especial importance is the bond between fin 
and tube. 

The velocity of the air usually considered Is the coil face velocity. 
This bears a varied relation to the actual velocity over the surface, de- 
pending upon the individual coil design. As long as a fixed design of coil 
is under consideration face velocities may be used, but they may be 
unsatisfactory in comparing different designs, as it is the actual surface 
velocity that is significant. The air volume is often based on standard 
air at 70 F and a barometric pressure of 29.92 in. Hg. The use of air 
volume in coil rating information may be misleading. The significant 
value is mass velocity in pounds per minute and not cubic feet per minute, 
because for a fixed volume the corresponding weight may vary widely, 
depending upon the temperature and barometric pressure under con- 
sideration. 

At the same mass air velocity, varying performance can be obtained 
depending upon the turbulence of the air flow into the coil and upon the 
uniformity of distribution of air over the coil face. The latter is very im- 
portant in obtaining reliable test ratings and in realizing rated performance 
in practical installations. The resistance through the coils will assist in 
properly distributing the air, but where the inlet duct connections are 
brought in at sharp angles to the coil face, the effect is frequently bad 
and there may even be reverse air currents through the coils. This 
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reduces the capacity, but can be largely avoided by proper layout or by 
the use of directing baffles. 

The heat transfer depends also upon the velocity of the medium in the 
tubes and upon its character, whether flowing water, condensing steam or 
evaporating volatile refrigerant. Heat transfer rates expressed as Btu 
per square foot of internal surface per degree logarithmic mean effective 
temperature difference between the fluid and tube wall are, for example, 
about 150 to 300 for evaporating dichlorodifluorome thane, about 350 to 
1200 for water at 2 and 6 fps and about 1200 for condensing steam. The 
influence of the medium in the tubes on the overall heat transfer rate is, 
therefore, apparent. 

Because of these variables, reliable rating and performance information 
for any design of coil must be based on actual tests on that coil under the 
expected conditions of operation. A comparison between the perfor- 
mance of two designs, unless based on such tests on each, may lead to 
entirely erroneous conclusions. 

PERFORMANCE OF HEATING AND COOLING COILS 

Heating and cooling coils are essentially heat exchangers and as such 
their performance depends in general upon : 

1. The overall coefficient of heat transfer from the fluid within the coil to the air it 
heats or cools. 

2. The mean temperature difference between the fluid within the coil and the air 
flowing over the coil. 

3. The physical dimensions of the coil. 

Thus, for any one definite operating condition, the heating or cooling 
capacity of a given coil is expressed by the following basic formula: 

Q ^ UX MTD X A (1) 

where 

Q = total heat transferred by the coil, Btu per hour. 

U = overall coefficient of heat transfer, Btu per hour per square foot of external 
coil surface per degree Fahrenheit temperature difference between the 
fluid within the coil and the air flowing over the coil. 

MTD = mean temperature difference, degrees Fahrenheit between the fluid 
within the coil and the air passing over it. (This is commonly taken as 
the logarithmic mean temperature difference. See Chapter 47). 

A = external surface area of the given coil, square feet. 

The performances of heating and cooling coils are influenced by the 
same factors in all but one very important exception, that is, when 
cooling coils operate wet or act as dehumidifying coils. For this reason, 
in the discussion which follows, heating and dry cooling coils are treated 
as one group and dehumidifying coils as another. 

OVERALL COEFFICIENT OF HEAT TRANSFER 

Of all factors affecting the performance of heating or cooling coils, the 
overall coefficient of heat transfer is the most difficult to determine as it 
in itself is influenced by several factors depending upon coil design and 
conditions of operation. 
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Considering any coil, whether of bare pipe or of finned type, the overall 
heat transfer coefficient for a given size and design of coil can always be 
considered as a combined effect of three individual heat transfer coef- 
ficients, namely: 

1. The film coefficient of heat transfer between air and the external surface of the 
coil, usually given in Btu per hour per square foot external surface per degree Fahrenheit 
mean temperature difference. 

2. The coefficient of heat transfer through the coil material — tube wall, fins, ribs, etc. 

3. The film coefficient of heat transfer between the internal surface of the coil and 
the fluid flowing within the coil, usually given in Btu per hour per square foot internal 
surface per degree Fahrenheit mean temperature difference. 

These three individual coefficients acting in series result in an overall 
coefficient of heat transfer in accordance with the basic laws. For a bare 
pipe^ coil the overall coefficient of heat transfer, whether for heating or for 
cooling (dry), can be expressed by a simplified basic formula as follows: 

U = I 

A. 4 . JL ^ 

where 

U = overall coefficient of heat transfer, Btu per hour per square foot external surface 
per degree Fahrenheit mean temperature difference between air and fluid within 
the coil. 

fr = film coefficient of heat transfer betw'een the internal surface of the coil and the 
fluid flowing within the coil, Btu per hour per square foot internal sturface per 
degree Fahrenheit mean temperature difference between that surface and the 
average fluid temperature. 

/a = film coefficient of heat transfer between air and the external surface of the coil, 
Btu per hour per square foot external surface per degree Fahrenheit mean 
temperature difference betw’een the mass of air and the external surface. 

k = conductivity of material from which the bare pipe is constructed, Btu per hour 
per square foot per degree Fahrenheit per inch thickness. 

X = thickness of tube wall, inches. 

R = ratio between external and internal surface of the bare tube, usually varying 
from 1.03 to 1.15 for the tube used in typical heating or cooling coils. This 
ratio R is inserted in the formula in order to place internal fluid coefficient of 
heat transfer on the basis of external surface. 


Frequently, when pipe or tube walls are thin and of material having high conductivity 
(as is the case in construction of typical heating and cooling coils) the term X in Equation 
2 becomes negligible and is generally disregarded. (The effect of the term X in typical 
bare pipe heating or cooling coils seldom exceeds 1 to 2 per cent of the overall coefficient). 
Thus, in its simplest form, for bare pipe: 



For finned coils the formula^ for the overall coefficient of heat transfer 
can be conveniently written ; 

fr ^ S/a 


^Rational Development and Rating of Extended Air Cooling Surface, by H. B. Pownall (Refrigerating 
Engineering, October, 1935, p. 211). 
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in which the term s, called the fin efficiency, is introduced to allow for the 
resistance to heat flow encountered in the fins. 

The term R, in this case, is the ratio of total external surface to internal 
surface. For typical designs of finned coils for heating or cooling, this 
ratio varies from 10 to 30. Term R is again introduced to place the 
internal surface coefficient of heat transfer on a basis of external surface. 
In the discussions which follow, coefficients and zfa, will be considered 
separately, and also various ways of combining them will be outlined. 

External Film Coefficient 

While formulas have been developed expressing the film coefficient 
/a for air passing parallel to a plane surface, they cannot be used directly 
for fins on tubes because of air turbulence and because of the temperature 
gradient prevalent from the edge of a fin to its center. It is therefore 
necessary to make tests to evaluate the combined term 2 /a. The term, 
s/aj will be written merely /a in this discussion as there is no necessity for 
separately evaluating z and because values of /a are usually applied only 
to the particular coils for which tests are made. 

Transfer of heat from a fluid to a solid is accomplished by the con- 
tacting of the molecules of the fluid with the solid. When a molecule 
strikes a solid, its energy level equalizes with the energy level of the solid. 
The total amount of heat exchanged between the molecules of a fluid and 
a solid is determined by the number of contacts per unit of surface per 
unit of time, and by the energy change of the fluid.^ The energy change, 
in the case of air, is measured by the temperature change times the specific 
heat of the air. The number of contacts is measured by a percentage of 
the weight of air flowing per unit of time. 

In the case where water vapor is mixed with air, and the water vapor 
is cooled but not condensed, the amount of heat transferred is increased 
by the energy change of the vapor particles. The additional energy is 
measured by the temperature change, by the specific heat of the water 
vapor, and by the weight of vapor contacting the surface per unit of time. 
In a mixture of air and vapor there is a definite ratio between the weight 
of the vapor and of the air per cubic foot of the mixture. Therefore, as 
the temperature of the mixture is lowered, the amount of heat lost by 
the vapor always bears a definite ratio to the amount of heat lost by the 
air. The amount of energy involved in the temperature change of the 
vapor is small, however, and it is usually included with that of the air by 
using a value of 0.245 for the specific heat of humid air. 

Dehumidification of air by a cooling coil occurs whenever the surface 
temperature of the fins and tubes is below the dew-point temperature of 
the air. Enough molecules of water vapor are condensed on the coil to 
create a state of equilibrium between the vapor pressure of the moisture 
on the coil surface and the vapor pressure of the moisture in that part 
of the air stream which is in immediate contact with the coil surface. 
Because of the good contact between the condensed film of water and the 
coil surface, the water film attains a temperature approaching that of the 
coil surface. Therefore, those particles of air which actually contact the 


^Graphical Method of Determining Finned Coil Capacities Described, by E. P. Wells (Heating, Piping 
and Air Conditioning, December, 1936, p. 665). 
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water film leave the film with a dew-point temperature equal to the outer 
surface film temperature. However, many air particles, with their 
attendant water vapor particles, never contact the coil surface, but are 
by-passed between the fins. These air particles have the same dew-point 
temperature when they leave the coil as they had when they entered, but 
after leaving the coil they mix with the air particles which did contact 
the surface, producing a mixture of air which has a dew-point tempera- 
ture that lies between the original dew-point temperature and the film 
surface temperature. This process explains why air seldom leaves a coil 
in a saturated condition. 

The foregoing contact-mixture concept of heat transfer has been found 
by several independent investigators to be consistent with experimental 
data. The concept has been used successfully in analyzing the per- 
formance of evaporative condensers, cooling towers, condensers and 
evaporators. A relation has been found between heat transfer and 
pressure drop of flowing fluids, by assuming that molecules of a fluid lose 
their momentum upon contact with a solid.® 

The fact that a coil starts to condense moisture when the surface tem- 
perature drops below the dew-point temperature of the entering air 
makes it possible to measure the surface temperature of a coil, an other- 
wise practically impossible task. After the surface temperature has been 
determined, it is possible to analyze completely the surface film coefficient 
of both the air side and refrigerant side of a coil. 

The air side coefficient, /a, of a dry coil of particular dimensions is an 
exponential function of the mass velocity of the air: 

U = Cw^ (5) 

where 

/a = film coefficient of heat transfer, Btu per hour per square foot external 
surface per degree Fahrenheit mean temperature difference between air 
and average surface temperature. 

w — air mass velocity, pounds per hour per square foot of coil face area. 

C and n = constants which depend upon air turbulence, the number of square feet 
of external surface per square foot of coil face area, and the depth of the 
coil. 

The difficulty of obtaining sufficient tests to evaluate the constants C 
and n for all conditions of coil design and operation makes it desirable to 
use Equation 6 for determining the air side coefficient: 

/a = 0.245 X X 2.3 X logio (6) 

where 

0.245 = specific heat of humid air, Btu per pound per degree Fahrenheit. 

2.3 = the constant which converts logarithms from base e to base 10. 
a ~ external surface area, square feet per square foot of coil face area. 

E = coil efficiency, a decimal less than 1.0. 

This formula gives values of /a after tests have been made to evaluate 
the coil efficiency. Equation 6 can be derived^ by combining the basic 


•The Contact-Mixture Analogy Applied to Heat Transfer with Mixtures of Air and Water Vapor, by 
W. H. Carrier {A.S.M.E. Transactions, January, 1937, Vol. 59, No. 1, p. 49). 

<Loc. Cit. Note 2. 
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equations of heat transfer, mean temperature difference and coil efficiency : 


Cs = /a X a X MTDa 

(7) 

MTD^ 

(8) 

E = 7 7 (by definition) 

h — k 

(9) 

Qs = 0.245 X tc- X (/i - h) 

(10) 


Qs = sensible heat transferred, Btu per hour per square foot of coil face area. 

= temperature of air entering coil, degrees Fahrenheit. 
i2 = temperature of air leaving coil, degrees Fahrenheit. 
ts = average temperature of coil external surface, degrees Fahrenheit. 

MTDq. = logarithmic mean temperature difference between air and coil surface. 

Coil Efficiency 

One method of expressing air-coil contact efficiency is the ratio between 
the weight of air that actually contacts the coil surface and the total 
weight of air passing through the coil. Due to the fact that the specific 
heat of air is fairly constant over a wide range of temperature, coil 
efficiency® can be expressed as equal to the number of degrees that the 
entire amount of air is cooled, divided by the number of degrees between 
the entering air temperature and the coil surface temperature. 

For a particular heat transfer surface, coil efficiency is only a function 
of the mass velocity of the air, which may be observed by equating 
Formulae 5 and 6 and combining all constants into D and u: 

(li) = ^ 

This equation can be used in graphical form by plotting coil efficiency 
against mass velocity as shown in Fig. 12. The significance of coil 
efficiency can be visualized in Fig. 13, where the length of the line C-D, 
divided by the length of line C-E, measures the coil efficiency. The 
relation between coil capacity and coil efficiency is given by : 

Q = Ew (h ~ hs) (12) 

where 

h\ = specific enthalpy of air entering coil, Btu per pound. 

As = specific enthalpy of saturated air at surface temperature, Btu per pound. 

When no latent heat is being removed from air, the change in enthalpy 
is equal to the change in temperature times the specific heat, so Equation 
12 can be changed to: 

Q = ~ k) 0.245 (13) 

Dehumidification of Air 

When moisture is being condensed on the coil surface Equation 12 can 
be used. If a coil has an efficiency of 0.8 (80 per cent) for the removal 

*When coil efficiency is used herein it is intended to express air-coil contact efficiency and does not 
express total performance efficiency. 
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of sensible heat, it will at the same time remove 80 per cent of the dif- 
ference in moisture content between the entering air and saturated air at 
the surface temperature. This is due to the fact that 80 per cent of the 
air particles contact the surface and attain a dew-point temperature equal 
to the surface temperature. This condition is expressed graphically 
in Fig. 13. 

This psychrometric chart is constructed so that equal increments along 
the horizontal axis represent equal changes in sensible heat content, and 



Fig. 12, Relation of Coil Efficiency to Mass Velocity 

equal increments along the vertical axis represent equal changes in latent 
heat content of air. Point A represents the condition of return or recircu- 
lated air, point B that of outside air, point C the mixture of two-thirds 
recirculated air and one- third outside air, and point JS the average surface 
temperature. Point D, which represents the air leaving the coil, lies on a 
line which connects points C and £, and its distance from point C is equal 
to the length of the line C-E times the coil efficiency. The ratio between 
the vertical distance from C to D and the horizontal distance from C to P, 
expressed in heat units, is the ratio between latent heat and sensible heat 
removed. It can be shown by trigonometric relations that the slope of 
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the line C-D is a measure of the ratio of latent to total heat removed, and 
that any line parallel to C-D gives the same heat ratio. 

To enhance the practical usefulness of the psychrometric chart illus- 
trated in Fig. 13, a set of marked master slope lines is included. The 
value of this arrangement is easily illustrated by the graphical example 
shown. 

Example 1. To determine the required average effective external coil surface tem- 
perature. Given: (1) Air entering cooling coil at temperature of 83 F dry-bulb and 69 F 
wet-bulb. (2) Ratio of latent to total heat that must be removed from air is 35 per cent. 
Required: To find the average external coil surface temperature. 

Solution. (1) Draw through point iV, at the origin of the heat load ratio lines, a line 
JV-0 with a slope of 35 per cent in accordance with scale 5. (2) Mark in the body of the 



Fig. 13. Psychrometric Chart Showing Straight-Line Method 
FOR Representing Coil Performance 


chart, point P representing the condition of air entering the cooling coil at 83 F dry-bulb 
and 69 F wet-bulb. (3) Through point P draw a line P-Q parallel to line N-0. (4) The 
line P-Q intersects the saturation curve at 51 F, which means that the effective external 
coil surface temperature must be maintained at 51 F in order to obtain the desired 35 per 
cent latent to total ratio of heat removal from the air passing over the given cooling coil. 

Inspection of Equation 12 reveals that the total capacity of a coil is 
dependent on the entering and leaving wet-bulb temperatures. The 
entering dry-bulb temperature is unimportant. 

The amount of latent heat of condensation of a coil can be calculated 
from: 

Ql = 1060 Ew Wx - IFs) (14) 

where 

Q\ = latent heat removed, Btu per hour per square foot of coil face area. 

Wi = pounds of moisture per pound of dry air entering the coil. 

Wi = pounds of moisture per pound of dry air saturated at the average surface 
temperature. 

1060 = average value of latent heat of water vapor, Btu per pound of vapor. 
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The amount of sensible heat removed can be obtained by subtracting 
the value of Q\ from the value of Q in Equation 12. 

Equation 12 gives accurate results when it is used for coils having a 
small change of temperature of the fluid in the tubes, as for example with 
evaporating refrigerants and with water having a small temperature rise. 
In cases where water in the tubes has a large temperature rise, the 
effective surface temperature changes throughout the depth of the coil, 
and in extreme cases moisture may be condensed on only a portion of the 
coil. In such cases it is possible to estimate the wet and dry portions of 
the coil separately, using cut-and-tiy^ methods.® 

Internal Film Coefficient 


The internal film coefficient, /r, which appears in Equation 3, is evalu- 
ated in various ways, depending upon the nature of the fluid, and whether 
the fluid is changing state. 


When evaporating refrigerants are being used in tubes, the temperature 
of the fluid is fairly constant, being affected principally by pressure drop 
through the tubes, by superheat of the evaporated refrigerant, and by 
the presence of oil in solution. To obtain maximum coil capacity it is 
necessary to keep the pressure drop through the tubes at a minimum 
(3^ lb per square inch), to keep the superheat as low as possible without 
carrying liquid back to the compressor, and to arrange for good separation 
and return of oil to the compressor. An additional important factor is 
the removal of gas so that the tube surface may be flooded with liquid as 
much as possible. The internal film coefficient is markedly increased 
by heavy heat loads, because the increased turbulence and gas velocity 
cause good contact of the liquid with the tubes. Values of /r usually lie 
between 150 and 450. For accurate rating of dehumidifying coils, good 
results are obtainable by first determining the average external surface 
temperature as previously described, and then using the difference 
between the external film temperature and the refrigerant for evaluating 
/r in Equation 15. 



(15) 


The term (/s — U) is commonly written At, The usefulness of the fore- 
going equation is impaired by the fact that both/r and must be evalu- 
ated experimentally. More direct results can be obtained by ignoring/r 
and determining the relation between At and total coil capacity: 

At = ta — tr — mQ^ (16) 

where 

m and n = constants determined by tests. 

When water is used as a cooling medium in tubes, the rate of heat 
transfer is a function of water velocity, because this results in an increase 
in the number of contacts of the water molecules with the tube surface, 
per unit of time. Thus increased water velocity and reduced tube dia- 
meter cause increased heat transfer. Heat transfer is also greater at 


‘Calculation of Coil Surface Areas for Air Cooling and Dehumidification, by J. McElgin and D. C. 
Wiley (A.S.H.V.E. Transactions, VoI. 46, 1940). 
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higher temperatures of the water. The basic formula for the film 
coefficient of heat transfer for flow of water is as follows: 

/w= 1.5 (t - 100) (17) 

where 

/w = internal film coefficient of heat transfer, Btu per hour per square foot of 
internal tube surface per degree Fahrenheit. 

V = water velocity, feet per second. 

D = internal diameter of tube, inches. 
t = average water temperature, degrees Fahrenheit. 



Fig. 14. Determination of Surface Temperature 

In the case of finned tubes, values of /w may be lower than those 
obtained by use of Equation 17. Accurate results can be obtained by 
using Equation 15, if the logarithmic mean temperature difference between 
surface and water is used in place of A^. 

When saturated steam is condensed in the tubes of coils, the film 
coefficient /r varies from 1000 to 2000, depending on freedom from air in 
the steam, and upon good drainage of the tubes. The coefflcient is fairly 
constant for a particular coil, giving values of A/ that are directly propor- 
tional to Q. 

GRAPHICAL ANALYSIS OF COIL PERFORMANCE 

In testing coils, determination of surface temperatures is most im- 
portant. A convenient way of determining surface temperatures is 
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illustrated in Fig. 14. Test points A and B are made without var>dng 
the wet-bulb temperature of entering air, the air velocity, the refrigerant 
temperature, and the total capacity of the coil. Only the dry-bulb and 
dew-point temperatures of the entering air are varied. A straight line 
is drawn between points A and S, and is extended to the ordinate of zero 
moisture removal, giving point C which represents the moisture content 
of saturated air that corresponds to the surface temperature. Points 
D and E are similarly plotted, the only difference being that another 
total coil capacity and entering air wet-bulb temperature are chosen. 

The saturation temperatures of points C and F are then used in 
Equation 16, in conjunction with the test values of /r and Q, so as to evalu- 
ate the constants m and n by solving two simultaneous equations. The 



Fig. 15. Typical Curves Showing Relation Between Total Capacity and 
Temperature Difference for Refrigerants 

resulting equation is plotted as shown in Fig. 15, or can be plotted as a 
straight line on logarithmic paper. 

Having determined the surface temperature, the test data can be used 
to evaluate coil efficiency, from the ratio {h — /2 ) (^i — 4)- Then 

constants of Equation 11 can be evaluated and a group of curves con- 
structed as in Fig. 12. 

Use of Graphs for Predicting Performance 

Coil performance under any dehumidifying condition can be predicted 
as shown in the following example, using Figs. 12, 13 and 15. 

Example 2, Given: Total heat to be removed, 18,000 Btu per hour per square foot of 
coil face area; ratio of latent to total heat, 35 per cent; dry-bulb temperature of air 
entering coil, 83 F ; dew-point temperature of air entering coil, 65 F. Required: Coil 
depth, air velocity and refrigerant temperature. 

Solution. (1) Plot the entering air conditions at point C on Fig. 13. (2) Draw line 
C-E, parallel to the 35 per cent line N-0 of the index chart, and obtain the required 
surface temperature, 55 F. (3) In Fig. 15, assume a coil depth of 4 rows, and obtain 
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A/ = 16 F. Subtracting 16 deg from 55 deg gives a required refrigerant temperature of 
39 F. (4) In Fig. 12, assume an air velocity of 2000 lb per hour and obtain a coil efficiency 
of 0.8. (5) Solving for Q in Equation 12, a capacity of 17,400 Btu per hour is obtained, 
which is not the required capacity. It is necessary to try a higher air velocity until a 
balanced condition is found at an air velocity of 2080 pounds per hour. (6) By assuming 
a coil depth of 6 rows and repeating the same procedure, another solution can be obtained 
at a refrigerant temperature of 43.5 F and an air velocity of 1760. 

The foregoing cut-and-try calculations can be eliminated by the use of 
the type of graph shown in Fig. 16, which may be constructed as outlined 
herewith : 

1. The three axes of the nomogram on the left side of the chart are drawn in such a 
manner that the C axis represents the differences in total heat content between the air 
at wet -bulb temperature along B axis and air at wet-bulb temperature along A axis. 
Thus, the C axis represents the total heat (Btu per pound of air, sensible and latent) 
which could be removed from the air at some inlet wet-bulb temperature on B axis if 



the coil heat transfer efficiency were 100 per cent and the wet-bulb temperature of the 
air could be reduced to some average (efifective) external coil temperature on A axis. 
For example if a straight line is drawn through 72 F wet-bulb temperature of entering air 
on axis B and the 55 F average efifective coil (external surface) temperature on axis 
B, then this straight line will intersect the C axis at 12.6, which figure represents the 
difference in total heat content of air between 72 and 55 F wet-bulb temperature. 

2. Next scale Q is drawn to cover the range of the likely practical loading for the 
given coil in Btu per hour per square foot coil face area. 

3. Lastly, the diagonal mass air velocity lines are drawn in at the intersection of 
various values on C axis and the corresponding values on the Q scale. The values on 
the Q scale corresponding to various values on C axis are obtained by multiplying the 
values on C axis by mass air velocity and coil efficiency. In this way the calculations 
required by Equation 12 are performed. 

4. Parallel to the Q scale is drawn the A^ scale, so that the difference between average 
surface temperature and refrigerant temperature can be read directly, eliminating the 
use of Equation 16. 
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For coils using water as a cooling medium, the chart shown in Fig. 17 
can be used for the purpose of eliminating calculations. Such a chart can 
embrace all sizes of coils of a particular design, but requires an index 
which gives the cot7 design factor for each size. The coil design factor is 
the number of square feet of internal tube surface of the entire coil. 
The curves shown in the lower right hand quarter of the chart perform 
the calculations of Equation 17, by using an average water temperature 
and the actual tube diameter. 

Performance of Coils and Refrigeration Compressor 

Practically all data published by various makers of direct expansion 
cooling coils are based upon maintaining a predetermined refrigerant 



temperature within the coils. While it is often possible to maintain a 
definite refrigerant temperature within a given cooling coil, for the greater 
part it is either impossible or impractical. This is due to the fact that 
the capacity of standard refrigeration compressors is usually fixed and in 
matching a given cooling coil with a standard compressor the capacity 
of the latter is often somewhat smaller or greater than that of the former. 
Consequently, very often the refrigerant temperature resulting within a 
cooling coil and correspondingly the capacity of the coil-compressor com- 
bination are not what they were originally calculated to be. 

In order to determine the actual performance of a given coil-compressor 
combination under varying conditions of operation, a graphical solution 
of the balance point is highly desirable. A typical method of graphical 
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analysis of a coil-compressor combination performance is shown in Fig. 18, 
which is constructed in a manner described herewith : 

1. On a piece of graph paper (with a uniform scale), the equipment capacity scale, 
total Btu per hour, is laid out along the vertical axis while the refrigerant suction tem- 
perature scale is laid out along the horizontal axis. 

2. The performance curv^e of a given compressor with a definite condenser (com- 
bination usually called a condensing unit) is plotted as a function of suction temperature 
corresponding to the saturation suction pressure at the compressor suction service valve 
for a given inlet water temperature and quantity supplied to the condenser. 

3. The performance curve of the given cooling coil is next plotted as a function of 
mean suction temperature within the coil, the mass air velocity over the coil and the 
wet-bulb temperature of air entering the coil. 

4. The refrigerant pressure drop between the center of the cooling coil and the com- 
pressor suction service valve is computed and converted into the terms of temperature- 



Fig. 18. Graphical Analysis of Coil-Compressor Performance 


difference. This temperature difference is then fitted in horizontally between the 
performance curves of the cooling coil and the compressor, as shown, and the total 
capacity of the coil-compressor combination is read along the horizontal line upon which 
the above mentioned temperature-difference segment falls. 

COIL SELECTION 

In the selection of a coil it is necessary to consider several factors: 

1. The duty required — heating, cooling, dehumidifying. 

2. Temperature of entering air — dry-bulb only if there is no dehumidification, dry- 
and wet-bulb if moisture is to be removed. 

3. Available heating and cooling media. 

4. Space and dimensional limitations. 

5. Air quantity limitations. 

6. Allowable resistances in air circuit and through tubes. 

7. Peculiarities of individual designs of coils. 
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8. Individual installation requirements, such, for example, as type of automatic con- 
trol to be used. 

The duties required may be determined from information in Chapters 4, 
5, 6 and 7. There may or may not be a choice of cooling and heating 
media, as well as temperatures available, depending upon whether the 
installation is new or is in combination with present sources of heating or 
cooling. Space limitations are dictated by the requirements of individual 
cases. The air quantity is influenced by a number of considerations. The 
air quantity through heating coils is often made the same as that necessary 
to handle the summer cooling load. The air handled may be fixed by the 
use of^ old ventilating ducts as an air distribution system for new air 
conditioning apparatus, or may be dictated by requirements of satisfac- 
tory air distribution or ventilation. The resistance through the air 
circuit influences the fan horsepower and speed. This resistance may be 
limited to allow the use of a given size of fan motor, or to keep the opera- 
ting expense low, or it may be limited by the maximum fan peripheral 
velocity which requirements of quietness may permit. The friction 
through the water or brine circuit may be dictated by the head available 
from a given size of pump and pump motor. As the fan and pump motor 
inputs represent a refrigerating load on cooling installations, it is eco- 
nomical to keep them low. 

Proper performance of a surface heating or cooling coil depends upon 
correct choice of the original equipment and upon certain other factors. 
The usual coil ratings are based on a uniform face velocity of air. If the 
air is brought in at odd angles or if the fan is located so as to block part of 
the air flow, the performance as given in the manufacturer’s ratings 
cannot usually be obtained. To obtain this performance it is necessary 
also that the air quantity be adjusted on the job to that used in deter- 
mining the coil selection, and must also be kept at this value. The most 
common causes for a reduction of air quantity are the fouling of the filters 
and collection of dirt in the coils. These difficulties can be avoided by 
proper design and proper servicing. There are a number of ways in which 
coils may be cleaned. A common method is to wash them off with water. 
They can sometimes be brushed and cleaned with a vacuum cleaner. In 
bad cases of neglect, especially on restaurant jobs where grease and dirt 
have accumulated, it is sometimes necessary to remove the coils and wash 
off the accumulation with steam, compressed air and water, or hot water. 
The most satisfactory solution, however, is to keep the filters serviced, 
and thus make the cleaning of the coils unnecessary. 

The proper selection of coils requires an understanding of the necessities 
of each case and should be based on an economic analysis of the plant 
design as a whole. No general rule can, therefore, be laid down for the 
selection of heating or cooling coils. It is possible, however, to point out 
the limits of usual practice and to indicate the influence of the variables 
involved in the coil selection. 

Heating Coils 

Steam and hot water heating coils are usually rated within these limits: 

Air Face Velocity — 200 to 1200 fpm, sometimes up to 1500 fpm. 

Steam Pressure — 2 to 200 lb, sometimes up to 350 lb per square inch. 

Hot Water Temperature — 150 to 225 F. 

Water Velocity — 2 to 6 fps. 
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Individual cases may deviate widely, but the tabulation given herewith 
will serve as a guide to usual heating practice: 

Air Face Velocity — 500 to 800 fpm face, 500 being a common figure. 

Delivered Air Temperature — varies from about 72 F for ventilation only to about 
150 F for complete heating. 

Steam Pressure — 2 to 10 lb, 5 lb being common. 

Hot Water Temperature — 150 to 225 F. 

Water Velocity — 2 to 6 fps. 

Water Quantity — Based on about 20 F temperature drop through a hot- water coil. 

Air Resistance — ^The total resistance through heating coils is usually limited to from 
i4to ^ in. of water gage for public buildings, to about 1 in. for factories. 

The selection of heating coils is relatively simple as it involves dry-bulb 
temperatures and sensible heat only, without the complication of simul- 
taneous latent heat loads, as in cooling coils. For a given duty, entering 
air temperature, and steam pressure, it is possible to select several arrange- 
ments of the same design of coil depending upon the relative importance 
of space, cross-sectional area, and air resistance. 

Cooling Coils 

The usual range of ratings for cooling and dehumidifying coils are 
enumerated herewith: 

Entering Air Dry-Bulb — 60 to 100 F. 

Entering Air Wet-Bulb — 50 to 80 F. 

Air Face Velocities — 300 to 800 fpm, (sometimes as low as 200 and as high as 1200). 

Volatile Refrigerant Temperatures — ^25 to 55 F, at coil suction outlet. 

Water Temperatures — 40 to 65 F. 

Water Quantities — 2 to 6 gpm per ton, or equivalent to a water temperature range of 
from 4 to 12 F. 

Water Velocity — 2 to 6 fps. 

The ratio of total to sensible heat removed varies in practice from 1.00 
to about 1.65, i.e., sensible heat is from 60 to 100 per cent of total, 
depending on the application. (See Chapter 21). Required ratios may 
demand wide variations in air velodties, refrigerant temperatures, and 
coil depth, so that general rules as to these values may be misleading. 
On usual comfort installations air face velocities between 400 and 600 fpm 
are frequent, 500 being a common value. Refrigerant temperatures will 
ordinarily vary between 40 and 50 F where cooling is accompanied with 
dehumidification. Water velocities will range from 2 to about 6 fps. 

When no dehumidification is desired, for which condition the dew-point 
of the entering air will be equal to or lower than the cooling coil tempera- 
ture, the coil selection is made on the basis of dry-bulb temperatures and 
sensible heat transfers only, the same as with heating coils. It is possible 
also to choose various arrangements of face area, depth, air velocity, etc., 
for the same duty. 

Dehumidifying Coils 

The selection of coils for combined cooling and dehumidifying duty is 
more involved than for heating or sensible cooling and requires con- 
sideration of both dry- and wet-bulb air temperatures. It is further 
complicated by the fact that the proportional amount of dehumidification 
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Table 1. Various Cooling Coil Arrangements 


Selection* 

! 1 

2 

3 

4 

Total cooling capacity, tons 

100 

100 

100 

100 

Sensible cooling capacity, tons.^ 

! 69 

69 

69 

69 

Latent cooling capacity, tons 

; 31 

31 

31 

31 

Ratio total to sensible heat 

1.45 

1.45 

1.45 

1.45 

Air quantity, cfm 

'47,800 

41,700 

37,100 

46,800 

Cfm per total ton 

‘ 478 

417 

371 

468 

Face velocity, fpm 

: 325 

423 i 

500 

600 

Resistance, in. water 

; 0.11 

0.27 

0.51 

0.37 

Coil face area, sq ft 

Coil rows deep 

' 147 

1 99.0 

74.2 

78.1 

4 

6 

8 

4 

Coil evaporator temp, deg F 

45 1 

1 45 1 

' 1 

45 

1 38 


required is also highly variable. The methods outlined previously under 
Heat Transfer and Resistance may be used to determine whether it is 
possible for a coil to perform the duty required. If entering and leaving 
air conditions are arbitrarily specified, the corresponding duty sometimes 
cannot be obtained at all without the use of reheat. As with heating and 
sensible cooling coils, there are combinations of face areas, depth, air 
velocity and refrigerant temperatures which will give the required per- 
formance. This is illustrated in Table 1. 

It is possible as shown in Table 1 to perform approximately the same 
duty at a given refrigerant temperature with small face area smd large 
thickness or vice versa. The large face area coil will give low air velocity 
and resistance but high air quantities per ton. The coil of small face area 
and great depth will require small air quantities per ton of refrigeration, 
high resistance and high air velocities. As shown also in Table 1 the same 
sensible, latent and total cooling capacity may be obtained with various 
refrigerant temperatures by proper choice of coil. This makes it possible 
to keep the evaporating temperature high enough to carry the load with a 
chosen size of condensing unit. High evaporating temperatures with 
correspondingly small compressor operating expense can be attained but 
at the expense of coil surface, air quantity or both. The choice will be 
determined by the necessities of individual installations. 

For a given quantity and condition of entering air the evaporating 
temperature of a volatile refrigerant coil will be determined by a balance 
between the condensing unit and the coil. The total, sensible and latent 
cooling capacity can then be determined from the coil rating information. 


Table 2. Capacity Balances for Maximum and Minimum Load Conditions 


Conditions 

Capacity in Tons 

Total 

^ Sensible 


Total 

Sensible 

Latent 

Required at peak load ronditionsr , 

10.90 

7.90 

3.00 

1.38 

Required at minimum load conditions 

Injid haljiTif'e- 

6.62 

10.90 

3.36 

7.90 

3.26 

3.00 

1.98 

1.38 

Same equipment balanced at minimum load 

ronditinns. . _ _ 

9.85 

6.58 

3.26 

1.50 

Same equipment balanced at maximum load 
COoHitinns with 40 p<^r rent hy-pass_._ 

8.38 

5.05 

3.33 

1.66 

Same equipment balanced at minimum load 
conditions with 38,800 Btu per hour reheat 

6.62 

3.36 

3.26 

1.98 
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If the condensing unit and cooling coil have been properly balanced for 
the required load and, due to miscalculated duct resistance or improper 
choice of fan speed, the air quantity is reduced, the total cooling capacity 
will also be reduced. The decrease is generally in the sensible capacity. 
This is the effect also when the air by-pass or volume control is used. 

It is necessary that not only the total capacity but also the sensible and 
latent cooling requirements both be met. The installation of an excess of 
coil will result in an increase in total capacity, but not a proportional gain 
in latent heat capacity. On installations controlled from dry-bulb tem- 
perature the operating time will be shortened because of the added sen- 
sible cooling capacity. The result will be less moisture pick-up than 
calculated, and higher relative humidity. If an oversize condensing unit 
is installed the opposite situation will take place. The relative humidity 
will be lower than estimated. This is not generally a disadvantage except 
that it results in a greater load from outside air than calculated, as well as 
in increased power consumption. If oversize equipment is furnished, a 
balance should be made to assure that the ratio of total to sensible capa- 
city is the same as in the estimated load. 

Sometimes arbitrary air quantities are specified for ventilation or other 
reasons independent of the selection of the cooling coil. As shown in 
Table 1, the coil selection can be altered to take care of various air 
quantities for the same duty. 

Where coil and condensing unit are selected for the peak load condition, 
and the sensible load partially disappears due to fall of outside tempera- 
ture or other cause, the condensing unit and coil rebalance. This may 
result in more sensible capacity than required at the light load condition 
and less latent in proportion, with an increased relative humidity in the 
conditioned space. Such a condition, for a typical installation, is shown 
in Table 2. If approximately 40 per cent of the total air is by-passed, 
the condition will be improved as indicated. The situation could be 
entirely avoided by using reheat. With sufficient reheat, it is possible 
to handle any ratio of sensible and latent loads and maintain the design 
temperature and humidity. 

Care should be taken to avoid freezing at light loads. In general, 
freezing occurs when the coil surface temperature falls to 32 F. With 
usual coils for comfort installations, this will not occur unless the evapo- 
rating temperature at the coil outlet is about 20 to 25 F. The exact value 
depends on the design of coil and the amount of loading. Although it is 
not customary to choose coil and condensing units to balance at low tem- 
peratures at peak loads, there is danger of this occurring when the load 
decreases. This is further aggravated if a by-pass is used so that less air 
is passed through the coil at light loads. It may be even worse if the 
control is arranged for decrease of inside temperature with fall of that 
outside. Freezing can be avoided by making the full load balance a high 
evaporating temperature and checking the balance at the minimum load 
condition. 

Care should be exercised in the design of humidity control to minimize 
the cycling of the refrigerating compressor because of re-evaporation 
of moisture from the fins. It is sometimes necessary to by-pass air 
around a coil when the compressor is not operating. 
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SPRAY EQUIPMENT 

Air Washers^ Apparatus for Direct Humidification, Spray 
Generation and Distribution, Air Dehumidification uoith 
Washers, Water Main Temperatures, Atmospheric Water 
Cooling Equipment, Design Wet-bulb Temperatures for Water 
Cooling, Cooling Ponds, Winter Freezing 

A ir humidification is effected by the vaporization of water and always 
requires heat from some source. This heat may be added to the 
water prior to the time vaporization occurs or it may be secured by a 
transformation of sensible heat of the air being humidified to latent heat 
as the vapor is added to the air. The thermodynamics of the process are 
discussed in Chapter 1. The removal of moisture from air may or may 
not involve the removal of heat from the air- vapor mixture. With spray 
equipment dehumidification of air always necessitates the removal of heat. 

AIR WASHERS 

Air washers may be used as either humidifiers or dehumidifiers de- 
pending upon the method of operation and the temperature of the spray 
water. The functions of an air washer are to regulate the moisture and 
heat content of air passing through it and to remove dust and dirt from 
the air. Air washers are not as effective as air filters in the removal of 
dust and dirt. 

The construction of commercial air washers is indicated in Figs. 1 and 
2. Any air washer consists essentially of a chamber through which the air 
passes in intimate contact with water. The lower portion of the washer 
chamber serves as a sump for the spray water. 

Contact between the air and the washer water is secured: (1) by 
breaking the water into a very fine mist, (2) by passing the air over 
surfaces which are continuously wetted by water, or (3) by a combination 
of water sprays and wetted plates. Scrubber-plate types of washers are 
used largely to wash heavy reclaimable products from the air, and are 
generally composed of one to three eliminator-type baffle scrubber plates 
across the air stream. Water is supplied at the tops of the scrubber plates 
by flooding nozzles placed across the top of the washer. Spray washers 
have one or more banks of water atomizing nozzles placed in the air 
stream above the level of the water in the sump. The direction of the 
water sprays may be against the air stream, with the air stream, or with 
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one bank spraying with the air stream and one against it. The number of 
nozzles required depends upon their design, the quantity of air handled, 
and the arrangement of the nozzles. 

Scrubbers generally consist of eliminator-type baffle plates placed in 
the air stream to cause several reversals of the direction of air flow. The 
scrubber plates are more effective as air cleaners than as humidifiers. All 
washer chambers should have inlet diffuser plates to aid in producing 
more uniform air flow through the washer spray chamber. These inlet 
vanes also aid in preventing spray water from being thrown into the air 
duct ahead of the washer. However, if the water spray is against the air 
flow, the ordinary perforated diffuser plate is not sufficient, and specially 
designed eliminator baffles must be used to prevent spray from passing 



Fig. 1. Typical Single Bank Air Washer Fig. 2. Typical Two Bank Air Washer 


into the air inlet duct. At the outlet end of the washer suitable flooded 
eliminator plates, which will cause from 4 to 6 reversals of the direction 
of air flow, should be installed for the purpose of removing drops of 
unvaporized water from the leaving air. When the air carries certain 
substances mixed with it, the spray water may become acidulated and 
special consideration must be given to the materials used, to reduce the 
corrosive action. 

Essential items in air washer operation are: uniform distribution of 
the air across the chamber section above the level of the water in the 
sump; moderate velocities of air flow, 300 to 600 fpm in the spray cham- 
ber; an adequate amount of spray water broken up into a fine mist 
throughout the air stream; sufficient length of air travel through the 
water spray and over thoroughly wetted surfaces; and the elimination of 
free moisture from the air as it leaves the unit. 


538 





CHAPTER 27. SPRAY EQUIPMENT 


Washers are sometimes arranged in two or more stages to cool through 
long ranges or to increase the overall efficiency of heat transfer between 
the air and the heating or cooling medium. A multi-stage washer is 
equivalent to a number of washers in a series arrangement. Each stage 
is in effect a separate washer. 

Usually the catalog capacity of a washer is expressed in cubic feet of 
air per minute and is based upon an air velocity of 500 fpm through the 
gross inlet area of the unit. At this rating spray type washers handle 
about 23 ^ gpm of water per bank per square foot of area, that is, about 
5 gpm per bank per 1000 cfm. These proportions of air, water, area, and 
velocity may be departed from to meet the needs of some particular job, 
but certain limiting relationships should be observed. 

For a single stage air washer, a 15 F drop in dry-bulb temperature of 
the air passing through the washer is about the maximum that should be 
anticipated. For greater decrease in dr>’--bulb temperature, multi-stage 
washers should be utilized. A rise of 6 F should be the calculated maxi- 
mum for the spray water. 

The width and height of a washer may be dictated by space limitations 
outside the washer, such as headroom, or by the inside space requirements, 
such as face area needed by a bank of cooling coils. The length of a 
washer is determined by the number of spray banks, or scrubber plates, 
and if cooling coils are installed in the unit, by the number of banks of 
coils. Roughly, a spray space of about 2 ft 6 in. in length is required for 
each bank of sprays; leaving eliminators require about 1 ft 6 in., and 
entering eliminators about 1 ft. 

The resistance to air flow through an air washer varies with the type of 
eliminators, number of banks of sprays, direction of spray, air velocity, 
type of scrubber plates, and size and type of cooling coils if located in the 
washer. Manufacturers should be consulted to obtain the resistance for 
a particular installation. 

HUMIDIFICATION WITH AIR WASHER 

Air humidification can be accomplished in three ways with an air 
washer. These are: (1) use of recirculated spray water without prior 
treatment of the air, (2) preheating the air and washing it with recircu- 
lated spray water, and (3) using heated spray water. In any problem of 
air washing the air should not enter the washer with a dry-bulb tempera- 
ture less than 35 F so that there will be no danger of freezing the spray 
water. 

Method L Except for the small amount of energy added from outside 
by the recirculating pump in the form of shaft work, and for the small 
amount of heat leak from outside into the apparatus, including the pump 
and its connecting piping, the process would be strictly adiabatic. 
Evaporation from the liquid spray would therefore be expected to bring 
the air immediately in contact with it to saturation adiabatically ; and, 
since the liquid is recirculated, its temperature would be expected to 
adjust to the thermodynamic wet-bulb temperature of the entering air. 

It does not follow from the above reasoning that the whole air stream 
is brought to complete saturation, but merely that its state point should 
move along a line of constant thermodynamic wet-bulb temperature as 
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explained in Chapter 1. The extent to which the final temperature 
approaches the thermodynamic wet-bulb temperature of the entering air, 
or the extent to which complete saturation is approached is conveniently 
expressed by a ratio known as humidifying efficiency or saturating ef- 
ficiency and defined as follows: 



where 

tfh » humidify infc efficiency, per cent. 

ti « dry-bulb temperature of the entering air, degrees Fahrenheit. 

ti w dry-bulb temperature of the leaving air, degrees Fahrenheit. 

« thermodynamic wet -bulb temperature of the entering air, degrees Fahrenheit. 

The humidifying or saturating efficiency of a washer is dependent upon 
the number of spray banks and nozzles, the effectiveness of the nozzles 
in breaking an adequate quantity of w'ater into a fine spray, the velocity 
of air flow through the water sprays, and the time of the contact of the 
air with the spray water. Other conditions being the same, low velocities 
of air flow are more conducive to higher humidifying efficiencies. The 
following may be taken as representative humidifying or saturating 
efficiencies of air washers for the conditions stated : 


1 bank — downstream 60-70 per cent 

1 bank— upstream.— 65-75 per cent 

2 banks— downstream.— 85-00 per cent 

2 banks— 1 upstream and 1 downstream. 90-95 per cent 

2 banks — upstream — 90-95 per cent 


The air leaving the washer may require reheating to produce the 
required dry-bulb temperature and relative humidity. 

Method 8. The preheating of the air increases both the dry and wet- 
bulb temperatures, lowers the relative humidity, but does not alter the 
humidity ratio (pound water vapor per pound dry air). At a higher wet- 
bulb temperature but the same humidity ratio, more water can be absorb^ 
per pound of dry air in passing through the washer, assuming that the 
humidifjnng efficiency of the washer is not adversely affected by operation 
at the higher wet-bulb temperature. The analysis of the process occurring 
in the washer itself is the same as that explained under Method 1. The 
final desired conditions are secured by adjusting the amount of preheating 
to give the required wet-bulb temperature at entrance to the washer and 
then reheating when necessary after passage through the washer. 

Method S. Even if heat is added to the spray water, the miving occur- 
ring in the washer itself may still be regarded as adiabatic. The state 
point of the mixture should move in a direction determined by the specific 
enthalpy of the heated spray as explained in Chapter 1. By sufficiently 
elevating the spray water temperature it should be possible to completely 
saturate the air and even raise its temperature above the dry-bulb tem- 
perature of the entering air. 

APPARATUS FOR DIRECT HUMIDIFICATION 

Humidifiers may be divided into the following general types, according 
to the method of operation: (1) indirect, such as the air washer, which 
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introduces moistened air; and {2) direct, which sprays moisture into 
the room or introduces moisture by means of steam jets. 

As in the cases of humidification by use of an air washer, the heat 
necessary for the vaporization of the moisture added to the air by direct 
humidification is secured either from heat stored in the spray water or by 
a transformation of sensible to latent heat in the air humidified. In the 
latter case the enthalpy of the air remains constant but the dry-bulb 
temperature of the air is reduced. 

Direct humidification is usually preferable where high relativ^e humidi- 
ties must be maintained, but where there is little cooling or ventilation 
required. In comfort air conditioning, where both humidification and 
ventilation are required, the indirect humidifier is preferable. In indus- 
trial applications, where the cooling or ventilation load is large and where 
very high relative humidities must be maintained, a combined system 
employing both direct and indirect humidifiers is sometimes used. 

Spray Generation 

Spray generation is obtained by (1) atomization, (2) impact, (3) 
hydraulic separation, and (4) mechanical separation. 

Atomization involves the use of a compressed air jet to reduce the water 
particles to a fine spray. With the impact method, a jet of water under 
pressure impinges directly on the end of a small round wire. Where 
hydraulic separation is employed, a jet of water enters a cylindrical 
chamber and escapes through an axial port with a rapid rotation which 
causes it immediately to separate in a fine cone-shaped spray. In the 
mechanical separation process, water is thrown by centrifugal force from 
the surface of a rapidly revolving disc and separates into particles suf- 
ficiently small to be utilized in certain types of mechanical humidifiers. 

Spray Distribution 

Spray distribution is obtained by (1) air jet, (2) induction, and (3) fan 
propulsion. 

The air jet which generates the spray in atomizers also carries the spray 
through a space sufficient for its distribution and evaporation, and this 
method of distribution is termed air jet Where distribution is obtained 
by induction^ the aspirating effect of an impact or centrifugal spray jet is 
utilized to induce a current of air to flow through a duct or casing, and 
this air current distributes the spray. Fan propulsion obviously consists 
of the utilization of fans to entrain and distribute the spray. 

Industrial type direct humidifiers are commonly classified as (1) 
atomizing, (2) high-duty, (3) spray and (4) self-contained or centrifugal. 

Atomizing Humidifiers 

There are several types of atomizing humidifiers, all of which rely upon 
compressed air as the atomizing and distributing agency, similar to the 
familiar method used in ordinary nasal atomizers. Compressed air 
(ordinarily about 30 lb per square inch) is supplied from a centrally- 
located air compressor through pipe lines to the atomizing units. The air 
lines are usually horizontal and parallel to water lines which supply 
water by gravity from a float tank. The water in the tank is maintained 
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at a constant level slijjhtly lower than the outlets of the atomizers them- 
seKes and is drawn constantly to the atomizer by aspiration when com- 
pressed air is supplied* This aspiration ceases and the flow of water stops 
w^hen the air supply is cut off. The water should not be supplied under 
pres.*«ure to atomizers because of the possibility of leakage, drip, or coarse 
spray* These cannot occur when water i? supplied by aspiration. 

High-Duty Humidifiers 

Water is supplied to high-duty humidifiers under high pressure (usually 
about 150 lb per square inch) through pipe lines from a centrally-located 
pumping unit. The spray -generating nozzle which is of the impact type 
is located in a cylindrical casing. A drainage pan provides for the collec- 
tion and return of unevaporated water which flows through a_ return pipe 
to a Alter tank, from w’hich it is recirculated. A powerful air current is 
forced through the humidifier by means of a fan mounted above the unit. 

The air enters from above, is drawn through the head, charged with 
moisture, and cooled. It then escap^ from the opening below at a high 
velocity in a complete and nearly horizontal circle. The spray is evapor- 
ated and the resulting vapor diffused. This distribution of fine spray over 
the maximum possible area promotes complete and rapid vaporization 
even at high humidities. 

Spray Humidifiers 

This type of humidifier consists of an impact spray nozzle in a cylin- 
drical casing with a drainage pan below it. The aspirating effect of the 
spray nozzle induces a moderate air current through the casing which 
distributes the entrained spray. The general method of circulating and 
returning the water is similar to that employed for high-duty humidifiers. 
A suitable pump and centrally-located filter tank are required. 

Self-Contained Humidifiers 

The self-contained or centrifugal humidifier has the ability to generate 
and distribute spray without the use of air compressors, pumps, or other 
auxiliaries. These may be used either singly or in groups. In large 
installations, where suitable connections are provided to permit the 
cleaning and servicing of individual units without affecting the room as a 
whole, group control of the water and power may be employed. 

AIR DEHUMIDIFICATION WITH WASHERS 

Moisture removal from an air-vapor mixture can be accomplished by 
use of an air washer so long as the temperature of the spray medium is 
lower than the dew-point of the air passing through the unit. The final 
dry-bulb temperature and the relative humidity of the air leaving a 
dehumidifier washer are dependent upon: the air velocity, the length of 
air travel through the sprays, the dr>^- and wet-bulb temperatures of the 
entering air, the spray temperature, the number of spray banks and 
nozzles, the quantity of spray medium handled, and the effectiveness of 
the nozzles in breaking the spray into a fine mist. 

Both sensible and latent heat are removed in the process of dehumidi- 
fication by cooling.^ Abstraction of sensible heat occurs during the entire 
time that the air is in contact with the spray medium. Latent heat 
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removal takes place as condensation occurs. Therefore, the lower the 
spray temperature the greater the amount of moisture removal per pound 
of dry air, all other conditions remaining the same. Washers with two or 
more banks of sprays are usually selected for comfort air conditioning 
installations. Such washers will cool the air to within 1 or 2 F of the 
leaving spray w^ater temperature. 

Where a limited supply of cold water is available multiple stage 
washers may be used to an advantage. The cool water is pumped through 
the multiple spray systems in series. By this arrangement the entering 
air is cooled first by the warmer water and finally by the cooler water 
which gives the maximum amount of cooling with the minimum amount 
of water. The approximate temperatures of water from wells at depths 
of 30 to 60 ft are given in Fig 3^ Frequently the temperature of the city 
water main supply is low enough during the summer to permit an ap- 
preciable cooling effect. Table 1 lists the maximum city water main 
temperatures for various localities in the United States and Canada. 

Air washers using refrigerated spray generally have their own recircu- 
lating pumps. These pumps deliver to the sprays a mixture of water 
from the washer sump, which has not been re-cooled, and refrigerated 
water. The quantities of each are controlled by a three-way or mixing 
valve actuated by a dew-point thermostat located in the washer air outlet 
or by humidity controllers located in the conditioned space. 

ATMOSPHERIC WATER COOLING EQUIPMENT 

In the operation of a refrigerating plant or a condensing turbine, one 
of the main problems is the removal and dissipation of heat from the 
compressed refrigerant or the discharged steam. This is accomplished 
ordinarily by first transferring the heat of the gas to water in a heat 
exchanger, from which water it may then be dissipated in a number 
of ways. If the plant is situated on the banks of a river or lake, an intake 
may be taken up-stream or at a considerable distance from the discharge, 
to prevent mixing of the heated discharged water with the inlet water. 
If the source of cooling water is a city supply or a well, the discharge 
water may be run into the nearest sewer or open waterway. Lacking 
an unlimited water supply, or in cases where city water is too expensive 
or where the water available contains dissolved salts which would form 
scale on the heat-exchanging apparatus, it is necessary to recirculate the 
water, and to cool it after each passage through the heat-exchanger by 
exposure to air in an atmospheric water cooling apparatus. 

Air has a capacity for absorbing heat from water when the wet-bulb 
temperature of the air is lower than the temperature of the water with 
which it is in contact. The rapidity with which this transfer of heat occurs 
depends upon (1) the area of water in contact with the air, (2) the relative 
velocity of the air and water, and (3) the difference between the wet-bulb 
temperature of the air and the temperature of the water. Because the 
changes in rate do not occur in direct proportion to changes in the govern- 
ing factors, data on the performance of atmospheric water cooling equip- 
ment are largely empirical. 

iTemperature of Water Available for Industrial Use in the United States, by W. D. Collins (Z7. 5 
G^olotical Survey, Water Supply Paper No. 520 F). 
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Fig. 3 . Approximate Well Water Temperatures at Depths of 30 to 60 Ft 





CHAPTER 27. SPRAY EQUIPMENT 


Table 1. Average Maximum Water Main Temperatures^ 


Ariz 


Birmingham 84 

Mobile 73 

Phoenix.— 81 

Tucson 80 

.. Anaheim 60 

Berkeley ' 69 

Fresno... i 72 

Fullerton i 75 

Glendale ' 68 

Los Angeles | 75 

Oakland 69 

Ontario I 70 

Pasadena i 82 

Pomona i 75 

Riverside i 78 

Sacramento 72 

San Bernardino 65 


San Diego 82 

San Francisco I 62 

Whittier j 75 

.. Denver 75 

.. Bridgeport 1 66 

Hartford 73 

New Haven 76 

Waterbury 72 

.. Washington 84 

Wilmington 83 

... Jacksonville 80 

Miami 80 

Tampa 77 

... Atlanta 87 

Macon 80 

... Chicago — 76 

Cicero 76 

Evanston. 73 

Peoria 67 

Rockford 59 

Springfield 82 

... Evansville 86 

Gary 75 

Indianapolis.—. 80 

South Bend 61 

Terre Haute.- 82 

... Cedar Rapids 78 

Des Moines 77 

Sioux City 62 

... Concordia 57 

Kansas City 86 

Topeka 88 

Wichita 72 

... Louisville 85 

... Baton Rouge 85 

New Orleans 85 

... Augusta 60 

Baltimore 75 


,.| Boston SO 

‘ Cambridge 70 

i Fall River - 76 

, Lowell 50 

I Lynn ' 68 

New' Bedford 70 

! Salem ! 68 

I Worcester 76 

.. Detroit 77 

; Flint 70 

Grand Rapids ; 84 

; Highland Park | 77 

Jackson j 56 

I Kalamazoo ' 53 

j Lansing— 64 

; Saginaw 1 82 

Duluth 55 

j Minneapolis ' 80 

St. Paul 77 

..j Jefferson City , 82 

i Kansas City i 84 

j St. Joseph- I 84 

St. Louis,- 1 85 

Springfield I 70 

.. Lincoln 87 

Omaha.. 87 

.. Reno 61 

.. Manchester 76 

Jersey City.- 63 

Newark— 74 

Paterson 78 

Trenton 79 

.. Albany 68 

Buffalo 75 

Jamaica 56 

Mt. Vernon 74 

New Rochelle- 75 

New York 72 

Rochester 70 

Schenectady, 60 

Syracuse 74 

Utica — 69 

Yonkers..- 70 

.. Asheville. 74 

Charlotte 85 

Winston-Salem 82 

.. Albuquerque — 65 

.. Akron 76 

Canton 50 

Cincinnati ' 84 

Cleveland 74 

Columbus 82 

Dayton 60 

Lakewood— 82 

Springfield 72 

Toledo 83 


aThese averages taken from various city water main locations, with some actual values slightly higher 
and some lower than values shown. 
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Table 1. Averaoe Maximum Water Main Te\iper.vtvre» fConcluded) 




Izur F 


CrrT 

Tnip. F 

OUi 

Oklahoma Citv,... 

>2 

Utah 

Logan 

44 


Tuls .1 



Salt Lake Citv — 

60 

dre. . . 

Eugene ... . 


Va 

Fredericksburg..... 

75 


PortUmi . 



' Lvnchburg 

73 

Pa. .. . 

- .Mtoona- 

< t 


Norfolk. 

80 


Erie 

75 

Wash 

Olvmpia 

58 


lohnstown 

74 


_ _ i 

62 


McKeesport 

S‘J 


i Spokane 

51 


f^hiladelphia 



Tacoma.- 

57 


Pittsburgh 

SI 

W. Va 

I Charleston i 

85 

R. 1. 

[‘rovitjence 



Huntington 

78 

S. C.. . . 

. Charleston.. 

SO 


; Wheeling. 

78 


t'lreenvilie . . , 


Wis 

; LaCrosse 

54 


Spartanburg 

7S 


’ Madison 

58 

S. Dak. 

. Rapid Cit> 

55 


Milwaukee 

I 70 

Tenn.. 

ChattantX)^.! 

S4 


Racine.- 

! 68 


Knoxville 

s9 



[ 


Memphis 

70 





Nashville 

90 




Texas - 

Amarillo 

05 

Provixce 




Austin 

90 





Beaumont 

80 

!j 




Dallas 

SO 

;Alta. 

Calgary.- 

64 


Fort Worth 

1 S4 

C 

V ancouver 

60 


Galveston 

. 90 

iOnt 

London 

50 


Houston 

, S4 

\i 

Toronto 

63 


1 Port Arthur 

S43 

:|p. E. I 

Charlottetown 

48 


San Antonio- 

.i 76 

!iQue 

Montreal 

78 


, Wichita Falls 

,i So 


Qiif'hpr _ 

68 








«Tfle»e averages token from various city water main locations, with some actual values slightly higher 
an a some lower than values shown. 


As the heat content of the air increases, its wet-bulb temperature rises. 
(S^ Chapter 1.) Because it is impractical to leave the air in contact 
with water for a long enough time to permit the wet-bulb temperature of 
the air and the temperature of the water to reach equilibrium, atmos- 
pheric water cooling equipment aims to circulate only enough air to cool 
the water to the desired temperature with the least possible expenditure 
of power. 

In an air washer, humidifier or dehumidifier, the air is first conditioned 
by water to change its moisture and temperature, and it is then sent to 
the place where it is to be used. In water cooling equipment the tem- 
perature of the water is reduced by air, and the cooled water is carried to 
its point of usage. In the air w^her, an excess of water is used to con- 
dition a fixed quantity of air, while in water cooling equipment, an excess 
of air is used to cool a fixed quantity of water. 

Both types of equipment have a common basis of design, however, in 
that the size of the equipment is determined by the quantity of air that 
must be handled. With the air washer, the size of the equipment is fixed 
by the quantity of air to be conditioned, and the amount of conditioning 
is controlled by the quantity and temperature of the water supplied and 
Its method of application. With water cooling apparatus, its size and the 
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quantity of air required bear no direct relation to the quantity of water 
being cooled, but vary through a wide range for different servnces and 
conditions. 

Sizes of Equipment 

Assuming a definite quantity of water to be cooled, the size and design 
of atmospheric cooling equipment are affected by the following factors : 

1. Temperature range through which the w’ater must be cooled. 

2. Number of degrees above the wet-bulb temperature of the entering air to which 
the water temperature must be reduced. 

3. Temperature of the atmospheric wet-bulb at which the required cooling must be 
performed. 

4. Time of contact of the air with the water. (This involves height or length of the 
apparatus and velocity of air.) 

5. Surface of water exposed to each unit quantity of air. 

6. Relative velocity of air and water. 

Items 1, 2, and 3 are established by the type of service and geographical 
location, while items 4, 5, and 6 depend upon the design of the equipment. 

The establishment of a proper cooling range depends upon : 

1. Type of service (refrigerating, internal combustion engine and steam condensing) . 

2. Wet-bulb temperature at which the equipment must operate satisfactorily. 

3. Type of condenser or heat-exchanger used. 

Because the design of an entire plant is usually affected by the quantity 
and temperature of the cooling water supply, plants should be designed 
for cooling water conditions which can be most efficiently attained. The 
first consideration is usually the limiting temperature of the plant. For 
example, if an ammonia compressor refrigerating plant is to be designed 
for 185 lb head pressure as a normal maximum, the limiting temperature 
of the ammonia in the condenser is 96 F. Should the ammonia tempera- 
ture go above this figure the head pressure will exceed 185 lb and power 
consumption increases. To obtain this head pressure, the temperature of 
the circulating water leaving the condenser must always be less than 96 F 
by an amount depending upon the size and design of the condenser, the 


Table 2, Condenser Design Data 


GiLS 

MAxnnm Pressubs 

DeSIRSD IK 
COKDEKSEB 

GiLS Teicpsbatubx 

IN CoNDXKSlB 

Deg F 

L*i.7ma Hot Wat 
De( 

Best Condenser Design 

Teiiperature 

3F 

Averaes Condenser 
Design 

Steam 

28 in. vacuum 

101.2 

97 

93 

Steam 

' 27 in. vacuum. 

116.1 

110 

105 

Steam 

26 in. vacuum 

126.9 

120 

114 

Ammonia 

185 lb gage 





head pressure 

96.0 

92 

88 

Carbon dioxide.. 

1030 lb gage 





head pressure — 

86.0 

83 

81 

Methyl 

102 lb gage 




chloride — 

head pressure 

100.0 

96 1 

92 

Dichlorodi- 

117 lb gage 




fluoromethane 

head pressure 

1 

100.0 

96 

93 
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<iuaiitlty of water being circulated, and the refrigerating tonnage being 
pnKiurt*(l. A condenser having a large surface per ton of refrigeration 
may be designed to <>perate satisfactorily with the leaving hot water 
temperature within 3 or 4 F of the ammonia temperature corresponding 
to the head pressure. a small condenser might require a 10 F 

difference. 

Table 2 lists several gases with data as to the temperatures and pres- 
sures for which commercial condensers are designed* Internal combustion 
engines have limiting hot water temperatures of 125 F to 140 F. The 
cooling of such fluids as milk or wort has variable requirements and is 
usually done in counter-flow^ heat-exchangers in which the leaving circu- 
lating water is at a much higher temperature than is the leaving fluid. 

The temperature range, once the hot water temperature is approxi- 
mately known, depends upon: 

1. Maximum wet-bulb temperature at which the full quantity of heat must be 

2. Elhciency o; the atmospheric coolir.j^ equipment considered. 

Design Wet-Bulb Temperatures 

The maximum w’et-bulb temperature at which the full quantity of 
water must be cooled through the entire range is never, in commercial 
design, the maximum wet-bulb temperature ever known to exist at the 
location nor the average wet-bulb temperature over any period. The 
former basis would require atmospheric cooling equipment several times 
greater than normal si 2 e, and the latter would result during a large part of 
the time, in higher condenser water temperatures than those for which the 
plant was designed. For instance, the maximum wet-bulb temperature 
recorded in New York City is 88 F, and the July noon average for 64 
years is close to 68 F. Yet in the years 1925 to 1934, inclusive, there were 
but 8 hours per year when the wet-bulb temperature reached 80 F or more, 
and there were 975 hours in the average summer (June to September 
inclusive) when the wet-bulb temperature was 68 F or above. As these 
975 hours represent a third of the summer period, cooling equipment 
based upon the noon average July wet-bulb of 68 F would be inadequate. 
Commercial practice is to choose a wet-bulb temperature for refrigeration 
design purposes which is not exceeded during more than 5 to 8 per cent 
of the summer hours (75 F for New York City) with somewhat lower 
r^uirements for steam turbines and internal combustion engines. This 
difference is made because the heaviest load on a refrigerating plant is 
coincident with high wet-bulb temperatures, whereas the heaviest electric 
power demand occurs either in the winter or after nightfall in summer, 
when the wet-bulb temperature is low. Table 1, Chapter 7, shows design 
wet-bulb temperatures which will not be exceeded more than 8 per cent 
of the time in an average summer. 

Knowing the hot water temperature and the wet-bulb temperature for 
which the equipment must be design^, the cold water temperature must 
be chosen to place the requirement within the efficiency range of the type 
of atmospheric water cooling apparatus to be used. Efficiency of atmos- 
pheric water cooling apparatus is expressed as the percentage ratio of the 
actual cooling range to the possible cooling range. Since the wet-bulb 
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temperature of the entering air is the lowest temperature to which the 
water could possibly be cooled this is: 

Percentage cooling efficiency of atmospheric water cooling equipment = 

(hot water temperature ~ cold ^vater temperature ^ X 100 
hot water temperature — wet-bulb temperature of entering air 

Efficiencies of various t>’pes of atmospheric water cooling apparatus 
vary through wide limits, depending upon air velocity, concentration of 
water per square foot of area, and the type of equipment. The commercial 
range of efficiencies is given in Table 3 although unusual designs may 
operate outside these ranges. 

From consideration of the factors which include the cooling range and 
design wet-bulb temperature, the quantity of water required can be 
calculated from the amount of heat to be dissipated. The normal amounts 
of heat to be removed from various processes of the cooling equipment are: 

Compressor refrigeration 220 to 270 Btu per minute per ton. 

Condenser turbine 950 to 980 Btu per pound of steam. 

Steam jet refrigerating apparatus ...1030 to 1150 Btu per pound of steam. 

Diesel engine 2S00 to 4500 Btu per horsepower. 

Cooling Ponds 

A natural pond is often used as a source of condensing water. The 
hot water should be discharged close to the surface at the shore line. 
Natural air movement over the surface of the water will cause evaporation 
and carry away heat. Because increased density due to the loss of heat 
causes the cooled water to sink to the bottom of the pond, the suction 
connection for intake water should be placed as far below the surface as 
possible, and at as great a distance from the discharge as practicable. 

Spray Cooling Ponds 

The spray pond consists of a basin, above which nozzles are located to 
spray water up into the air. Properly designed spray nozzles break up the 
water into small drops, but not into a mist because the individual drops 
must be heavy enough to fall back into the basin and not drift away with 
the air movement. The water surface exposed to the air for cooling is 
the combined area of all the small drops. Since the rate of heat removal 
by atmospheric water cooling is a function of the area of water exposed 
to the air, the difference in temperature between the water and the wet- 

Table 3. Efficiency of Atmospheric Water Cooling Equipment 


EQUrPMENT 

Cooling EmcisNCT— P eb Cent 

Miiunnini 

Usual 

Maximum 

Spray Ponds . . . . , 

30 

40 to 50 

60 

?ipray Tnw#»rfi _ _ __ 

40 

45 to 55 

60 

Natural Draft Deck or Atmospheric 

Tnwf^rs 

35 

50 to 70 

90 


35 

55 to 75 

90 
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bulb temperature of the air, the relative velocity of air and water, and 
the duration of contact of the air with the water, a much larger quantity 
of heat may \)C dinsipated in a given area with the spray pond than with 
the co<^ling pond, becau5ie of fl) the speed with w'hich the drops travel as 
they are propelled into the air and fall back into the water basin, (2) the 
increased w'ind velocity at a point above the surrounding structures or 
terrain, (3) the increased volume of air used, and (4) the vastly increased 
area of contact between air and water. 

Spray pond efficiencies are increased by (1) elevating the nozzles to a 
higher point above the surface of the water in the basin, (2) increasing the 
spacing betw^een nozzles of any one capacity, (3) using smaller capacity 
nozzles to decrease the concentration of water per unit area, and (4) 
using smaller nozzles and increasing the pressure to maintain the same 
concentration of water per unit area. Usual practice is to locate the 
nozzles from 3 to 7 ft above the edge of the basin, to supply from 5 to 
12 lb pressure at the nozzles, using nozzles spraying from 20 gpm to 
60 gpm each and spacing them so the average water delivered to the 
surface of the pond is from 0.1 gpm per square foot in a small pond to 
0.8 gpm per square foot in a large pond. 

Increasing the pressure, spacing the nozzles farther apart, or increasing 
the elevation of the nozzles will increase the cross-section of spray cloud 
exposed to the air, and therefore increase the quantity of air coming in 
contact with the water. Best results are obtained by placing the nozzles 
in a long relatively narrow area located broadside to the wind. 

Spray ponds may be located on the ground, or they may be placed 
on roofs. To prevent excessive drift loss, or the carrying of entrained 
water beyond the edge of the pond by the air on the leeward side, louver 
fences are r^uired for roof locations and for those ground locations where 
space is so restricted that the outer nozzles cannot be located at least 
20 ft to 25 ft from the edge of the basin. Such fences usually are con- 
structed of horizontal louvers overlapping so the air is forced to turn a 
corner in passing through the fence, and the heavier drops of water are 
thrown back, owing to their inertia. The louvers also restrict the flow of 
air, particularly at the higher wind velocities, and thus furAer reduce the 
possibility of water being carried off. The height of an effective fence 
should be equal to the height of the spray cloud. Louver boards are 
preferably of red gulf cypress or California redwood supported on cast- 
iron, steel or wood posts. Where building ordinances forbid the use of 
combustible materials, sheet metal is customarily used. 

Algae growths, during warm weather, in cooling towers and spray ponds 
may be eliminated while the plant is in operation by the use of potassium 
pemanganate. This chemical can be dissolved at the rate of 1 lb in 
to gal of hot water. About 10 parts of permanganate should 
be used per million parts of cooling water. 

The permanganate attacks the algae, forms a brown covering over it, 
and causes it to settle. Enough of the permanganate solution should be 
added periodically to cause the water to have a pink color for a period of 
from 15 to 20 min. Small additions of the permanganate daily do not 
give concentrations which are effective. The best results are obtained 
when sufficient quantities are added periodically at intervals of several 
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weeks, the time intervals being dependent upon local operating conditions. 
The chemical is non-pcisonous and is non-corrosive when used as directed. 

Spray Cooling Towers 

Where not more than 30,000 Btu per minute are to be dissipated, the 
spray cooling tower is a satisfactory apparatus. The word tower in this 
connection is somewhat of a misnomer as the apparatus is essentially a 
narrow spray pond with a high louver fence. As usually built, the nozzles 
spray down from the top of the structure and the distance from the center 
of the nozzle system to the fence on either side is not more than half the 
distance that the nozzles are elevated above the water basin. Heights 
range from 6 ft to 15 ft and the total width of a structure is not usually 
greater than its height. Spray cooling towers occupy less space on small 
jobs than spray ponds of equivalent capacities because the towers have 
a capacity of from 0.6 gpm to 1.5 gpm per square foot of tower area. The 
louvers are continually wet, and so add to the surface of water exposed 
to the cooling air. 

Natural Draft Deck Type Towers 

In past years most of the atmospheric water cooling on refrigeration 
work has been done with natural draft deck type towers, which are also 
referred to as wind or atmospheric towers. These towers consist of heavy 
wooden or steel framework from 15 to 80 ft high and from 6 to 30 ft 
wide, having open horizontal lattice-work platforms or decks at regular 
intervals from top to bottom, and a catch basin at the foot. The hot 
water is distributed over the upper part of the structure by means of 
troughs, splash heads, or nozzles, and it drips from deck to deck down to 
the basin. The object of the decks is to arrest the fall of the water so as to 
present efficient cooling surfaces to the air, which passes through the 
tower parallel to the decks. The decks also add to the area of water 
surface exposed to the air, but since they furnish a resistance to air flow, 
too many decks are a detriment. 

To prevent the loss of water on the leeward side of the tower, wide 
splash boards are attached at regular intervals from top to bottom. These 
boards or louvers extend outward and upward, and in most designs the 
top edge of each louver extends above the bottom edge of the one above it. 

Efficiency of a deck tower is improved, within limits, by increased 
height, increased length, or increased width. The first two increase the 
area of water exposed to the wind, and the latter increases the time of 
contact of the air with the water. 

Wind Velocities on Natural Draft Equipment 

Since natural air movement is the prime requirement for a deck type 
tower, spray cooling tower, or spray pond, the apparatus must be de- 
signed to produce the desired cooling on days when the wind velocity is 
below average when the wet-bulb temperature is at the maximum chosen 
for design, and when the plant is operating at full load. The apparatus 
must also, for best results, be locat^ with its longest axis at right angles 
to the direction of the prevailing hot weather breeze. Table 1, Chapter 7, 
gives the average summer wind velocities and directions in representative 
cities. Natural draft cooling equipment should be designed to operate 
properly with not more than one^half of the average wind velocity, and in 
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no case for a wind velocity of more than 5 mph. It is obvious that natural 
draft towers and other natural draft equipment must be so located that 
they are not obstructed by trees, buildings, or other wind deflectors. 

Mechanical Draft Towers 

Mechanical draft towrers usually consist of vertical shells, constructed 
of wood, metal, ormasonr\% in w'hich water is distributed uniformly at the 
top and falls to a collecting basin at the bottom. The inside of the tower 
may be filled with wood checker-work over which the water drips, or the 
water surface may be presented to the air by filling the entire inside of the 
structure with spray from nozzles. Air is circulated through the tower 
from bottom to top by forced or induced draft fans. Since the air flows 
counter to the water, the air is in contact with the hottest of the water 
just liefore leaving the top of the tower, and each unit of air picks up more 
heat than a similar unit wrould on natural draft equipment, so the me- 
chanical draft tow'er cools water by using less air than the other types of 
equipment need. As movement of the air through the towers is obtained 
by i^w’er-consuming fans, it is essential that the air used be reduced to a 
minimum so as to secure the low’est possible operating cost. 

The efflciency of a mechanical draft tower is increased by increasing 
height, area, or air quantity. Increasing the height increases the length 
of time the air is in contact with the water without affecting seriously the 
fan i^w^er required, but it increases the pumping power needed. In- 
creasing the area while maintaining constant fan power increases the air 
quantity somewhat and because of lowered v'elocities it increases the 
time this air is in contact with the water. The surface area of water in 
contact with the air is increased in both cases. Increasing the air quantity 
decreases the time the air is in contact with the water, but, since a greater 
quantity is passing through, the average differential between the water 
temperature and the wet-bulb temperature of the air is increased, and 
this speeds up the heat transfer rate. Increased air quantities are 
obtained only at the expense of increased fan power, which increases 
approximately as the cube of the air quantity. Air velocities through 
mechanical draft towers vary from 250 to 600 fpm over the gross area of 
the structure. 

Mechanical draft water cooling equipment may be set up inside build- 
ings, where it usually draws its air supply from the general space in which 
it is installed, and discharges its exhaust air through a duct to the outside. 
Indoor cooling towers may be either of the wood-filled or the spray-filled 
type. In many ^ses where little height but considerable area is available, 
water is cooled in a spray-filled structure similar to an air washer, with 
the air passing horizontally through the apparatus and being discharged 
through a duct to the outside. Such apparatus does not have the counter- 
flow advantage of the vertical mechanical draft water cooling equipment, 
and therefore requires a much larger excess of air for proper operation. 
Air velcxities and operating powers are considerably above those requir^ 
by \’ertical mechanical draft water cooling equipment. 

Cooling Tower Design 

The method of design of equipment for energy transfer from water to 
an air-v\’ater vapor mixture is similar to that used for absorption equip- 
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ment. Details of this procedure are available-* and its application to 
the problem of the cooling lower operating at atmospheric pressure is 
illustrated by the following development. The nr^menclature used is 
as follows: 

a = overall average wetted area, square feet per cubic foot of tower volume. 
c == specific heat of liquid water, Btu per (pound) (degree Fahrenheit). 
e = effectiveness. 

£ = natural base. 

G = weight rate of flow of air, pounds of dry air per hour. 
h - enthalpy, Btu per pound of dry air. 

/.’a = enthalpy of air- vapor mixture, Btu per pound of dr\' air. 

= enthalpy of saturated air- vapor mixture at water tv'^mperature, Btu per 
pound of dry air. 

K = overall energy unit conductance, Btu per I hour) (square feet) (Btu per pound). 
Ka — overall rate coefficient, Btu per (hour) (cubic feet) (Btu per pound). 

L = water rate, pounds per hour. 

Im = logarithmic mean. 

S = average cross-sectional area of cooling tower for air flow, square feet. 
t = water-main body temperature, degrees Fahrenheit, 
iwb = wet-bulb temperature, degrees Fahrenheit. 

V = tower volume, cubic foot. 

Subscripts 1 and 2 refer to water entrance and exit sections respectively, for the 
counter-flow tower. 

A section of a typical counter-flow tower is shown in Fig. 4. If the 
reduction in water rate due to evaporation within the volume is neglected, 
the energy balance for this diflferential section of the e.vchanger volume 
mav be written as: 

Lcdt^Gdh (2) 

The potential for net energy transfer due to heat and mass transfer 
from the water to the mixture in contact with it may be expressed with 
reasonable accuracy as the difference between the enthalpy of saturated 
air at the water temperature, and the enthalpy of the main stream air 
vapor mixture^, 7/a. The rate of energy transfer is given by the expression : 

KaW^-h^)dV (3) 

which equation defines the overall rate coefficient, Ka ; the latter being 
the product of the overall energy unit conductance, K, and the ratio of 
the transfer surface to the exchanger volume, a. 

Equations 2 and 3 are conveniently illustrated by means of the tem- 
perature-enthalpy diagram of Fig. 5. Equation 2 indicates that the 
succession of air and water states existing in the exchanger sections must 
combine to form a straight line (for L == constant) on the temperature 

enthalpy diagram. The slope of this operating line Since 

^Principles of Chemical Engineering, by W. H. Walker, W. K. Lewis, W. H. McAdams and E. R. Gilliland 
CilcGraw-Hill Co., New York City, 1937, p, 480). 

•Absorption and Extraction, by T. K. Sherwood (McGraw-Hill Co., New York City, 1937, p. 91). 

^Performance Characteristics of a Mechanically Induced Draft, Counterflow, Packed Cooling Tower, 
by A. L. London, W. E. Mason and L. M. K. Boelter (A.5,M'.E. Transactions, January, 1940, Vol. 02, p. 41). 

•Determination of Unit Conductances for Heat and Mass Transfer by the Transient Method, by A, L. 
London, H. B. Nottage and L. M. K. Boelter {IndiAstrtal and Engineering Chemistry, April, 1941, Vol. 33, 
p. 467). 
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the heat capacity of water is approximately unity, this slope is the ratio 
of the water to the air rate. Equation 3 indicates that the potential for 
energy transfer at any section is the difference between the enthalpy of 
saturated air at the main-l>ody water temperature at that section and the 
enthalpy of the air stream in contact with that water. This potential is 
the difference in the ordinates of the saturation and operating lines for 
the water temperature at the plane in the tower which is under con- 
sideration. 

Combination of Equations 2 and 3 results in the expression: 

Gdh = Ka (h^’-h^)dV (4) 

Integrating this equation over the length of the exchanger: 




Ka h * — Aa 


Conditions 1 


L 

Lb per hr 



Air f G 

flow I Lb per hr 


dV 


Conditions 2 

Fxg. 4. Section of Tvfical Counter-Flow Tower 

The integration of the left side of Equation S determines the tower 
volume required to achieve the desired energy exchange. This summation 
is readily accomplished for counter and parallel flow arrangements. G and 
Ka are usually independent of the tower volume and Equation 6 then 
becomes: 

dh KaV 

“/a 

\\Tiere yTV is defined as the Number of Transfer Units and is a measure of the 
difficulty of the coining process. 

The int^ration is made numerically or graphically. In the graphical 

integration ^ is evaluated as a function of This determination 

involves the use of the ene^ balance equation integrated from one 
section to the ^tion in question. The area under the curve between any 
two abscissae is the number of transfer units required to change the air 
state from hs to ki. 

An approximate value for the number of transfer units can also be 
determined by a simple graphical method of direct construction on the 
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temperature enthalpy diagram'^. This method cannot be applied very 
satisfactorily to cooling towers as the operating range is small and the 
value of the XTU is near unity. 

When the relationship between the enthalpy of the saturated air and 
the temperature is linear over the range of water temperatures involved, 
it can be shown^ that the logarithmic mean of the terminal potentials, 
//im, is the correct driving force. This is true to a good approximation 
when the water, cooling does not exceed 15 F. The approximation to 
linearity may be determined by inspection of Table 6, Chapter 1, or the 
temperature enthalpy diagram of Fig. 5. If the logarithmic mean is a 
valid potential, Equation 6 may be written: 

"A/Zim" ~ “CT 



Showing the Operating Line for Example 1 

and the need for the numerical integration for the determination of the 
tower volume is eliminated. 

The overall rate coefficient, Ka, must be known if the tower volume is 
to be determined. Experiments conducted on towers containing different 
packing construction have yielded some magnitudes of this coefficient, 
evaluated on an overall basis. These data are presented in Fig. 6 as a 
function of the gas mass velocity through the packing, and apply only to 
the particular packing structure for which they were obtained. The 
overall rate coefficient {Ka) may also be a function of the water rate, 
since a reduction of the water rate may reduce the wetted area within the 
exchanger^. The results included in Fig. 6 probably represent magnitudes 

“Graphical Method of Deterininiiifi: Number Transfer Units, by T. Baker {Industrial and Engineertng 
Chemistry., August. 1935, Vol. 27, p. 977). 

’Loc. Cit. Note 3, p. 79. 

“Loc. Cit. Note 4. 
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of Ka which were obtained for complete wetting. Within the cooling 
tower operating range the overall rate coefficient for energy transfer is 
nearly the same numerically as the overall rate coefficient for mass trans- 
fer. The conditions of test corresprmding to the data presented in Fig. 6 
are not well enough known in most cases to warrant recomputation of 
Ka, Therefore the magnitudes of the overall rate coefficient for mass 
transfer presented in Fig. 6 may be used directly in Equations 5 and 6, 
the units of Ka in these equations being Btu per (hour) (cubic foot) (Btu 
per pound). 

A typical design procedure is illustrated in the example following; 

Example 1, The rate of air How, arbitrarily assumed in the data given, is related to 
the tower volume by econonjic considerations. A balance between air rate and tower 
volume rests on consideration of the costs of producing air flow and of the tower con- 
struction*. A counter-flow forced draft cooling tow'er is to cool 36,000 lb of water per 
hour from an initial temperature of 110 F to a final temperature of 80 F. Air having 
an initial condition of 05 F dry-bulb and 58 F w’et-bulb temperature will be forced 
through the tower counter to the direction of wrater flow at the rate of 30,000 lb of dry 
air per hour. 

The cross-section of the tower is to be 8 ft x 8 ft and the packing is to be of the type 
pro<1ucing a rate coefficient as indicated in curve No. 2 of Fig. 6. For this type of packing 
the avt*rage cross-scctional area for air flow will be 36 sq ft. 

Solution: 

Initial air enthalpy = 25.1 Btu per pound. 

Final air enthalpy: 

{hi — Aj) “ (/i — Ij) 

(Ai - 2o.l) = 30,000 

hi “ 61.1 Btu per pound dry air. 

Table 4. Numerical Integration for the Number of Tr.vnsfer Units 


Water 
Tempera It RE 
Interval 

Dei, F 

MEANWaTLR , 

^ Dry Air 

SATt-RATED AlR 

Enthalpy, A” 
Btu per Lb 
Dry Air 

Enthalpy 

Potential 

A" - Aa 

Aa 

A” - 

80-82 

81 

26.3 

44.6 

18.3 

0.131 

82-84 

83 

28.7 

46.9 

18.2 

0.132 

84-86 

85 

31.1 

49.2 

18.1 

0.133 

80-88 

87 

33.5 

51.7 

18.2 

0.132 

88-00 

89 

35.9 

54.4 

18.5 

0.130 

90-92 

91 

38.3 

57.1 

18.8 

0.128 

92-94 

93 

40.7 


19.3 

0.124 

94-96 

95 

43.1 


19.9 

0.121 

96-98 

97 

45.5 

66.2 

20.7 

0.116 

98-100 

99 

47.9 

69.6 

21.7 

I 0.111 

100-102 

101 

50.3 

73.2 

22.9 


102-104 

103 

52.7 

77.0 

24.3 


104-106 

! 105 

55.1 

80.9 

25.8 


106-108 

107 1 

67.5 

85.1 

27.6 


108-110 

109 ! 

59.9 

89.5 

29.6 



i 



1.723 


•Loc. Cit. Note 2. p. 142. 
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A numerical integration (Table 4) is eniploye<I to determine the Number of TVan^fer 
Units (XTU) required. Temperature increments of 2 ¥ are u?ed between ^uccc'-ive 

determinations of the quantity , ^ ^ . The energy balance indicates that the enthalpy 

ft — /Za 

increments corresponding to these temperature increments arc: 

= -G = ^;006 2 = 2.4 Btu per pound. 

The result of the integration is that the Number of Transfer Units required (XTU) 
= 1.72. 


Unit gas mass velocity, 


~ 830 lb per ‘'hour; ^square footj. 



DATA ON PACKING COWSTRUCTIOH 

1. Raschig nngs 15 mm cfiam by 15 mm high. 
Counterflow; forced draft 

2 . Wbod streamlined sections 2| in. tong, 
Counterflow; forced draft 

3. Slat packed tower. 

4. Bad^ type spray tower. 

5. Stat packed tower. Slats 45 deg with 
iMXizontal. Natural draft chimney 
tower, counterflow. 

6. Tower Na5 with packing removed. Water 
distnbution by spray nozzles placed 

in basin. 

7. Tower Na3 operatng with natural draft 

8. Atmospheric coding tower. Slats 4 x i ip. 
Spacing 8 in. between decks. * ^ 
Croes or counterflow, depending upon 
wind velocity. 


§-LB DRy Am PER SQ FT PER HR 

Fig. 6. Unit Conductances for Various Types of Packing Construciio.n’ 


From Fig, 6, Ka — 138 Btu per (hour) (cubic foot) (Btu per pound). 

The tower volume required is: 

V = ■$■ (ATG) = X 1.72 = 217 X 1.72 = 374 cu ft. 

K.a loo 

Height of the packed section is: 

The graphical solution for the Number of Transfer Units required for the desired 

performance is plotted in Fig. 7. is plotted as a function of h, and the area 

under the curve from the initial enthalpy of the air, 25.1 Btu per pound, to the final 
enthalpy of the air, 61.1 Btu per pound is 1,72, the Number of Transfer Units required. 
The effect of the rapid decrease in potential due to the cooling of the water is indicated 
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by Cf)mp,irI«on of .irr i .1 , . 1 1 , and .1 1 of Fijf- 7. Each represents the Number of Transfer 
I nit‘' rcfiuTed to achiev e a w.iter temperature reduction of about 10 F. 

A, - ii\7\ .vrrfiiotoiooF) 

.1, oyxi .vrr (100 to oof) 

.la * O.OAT M r ( 90 to 80 F) 

I In- u-a- oi rhi: lu^ iritliniic na an dn\ini{ pcjtential is illustrated by applying Equation 7 
lo example 1 ; 

<Kn) V hi -hi 

ML =a - = r. 

O Skim 




[h - rf.) - (hi -ht) 



30.7 - 18.4 

, ^.7 “ 

18.'4 



Fig. 7. Graphical Integration to Determine Number of Transfer Units 
Required for Desired Operating Conditions of Example I 


61.1 - 25.1 

Art 


1.5 


The Number of Transfer I'nits required as determined by use of the logarithmic mean 
driving potential equals 1.5 which compares favorably with the correct magnitude, 1.72. 


The application of the forgoing deagn method to atmospheric towers 
is difficult because rate coefficients and flow conditions are not yet well 
defined for such equipment. If these are Imown, application of Equation 
7 to sections of the tower small enough to justify use of the logarithmic 
mean potential will yield the tower volume required for each section. 
The sections must be taken perpendicular to the path of water flow. A 
correction to adjust the logarithmic mean potential, evaluated as for 
counter-flow, to the reduced effectiveness of cross-flow, has been derived 
for heat transfer and may be applied to this case***. 


“Heat Tiansmiiuion, by W. H. McAdams (McCnw-HOl Co., New York Qty. 1938, p. 1S7). 

558 





CHAPTER 27. SPRAY EQUIPMENT 


Atmospheric towers operate with natural draft, prrxJuced in a vertical 
direction by the stack action of the tower structure, at zero \'e!ocity of the 
approach wind. Approach wind of sufficient majrnitude fthe ma^>nitude 
depending on the baffle arrangement which is designed to reduce drift) 
will cause cross-flow augmenting the natural draft. An adequate design 
requires the consideration of both flow conditions. 

Expression for Cooling Tower Performance 

The performance of a cooling tower is described in terms of its effective- 
ness as an energy exchanger. The effectiveness is defined as the ratio of 
the energy actually exchanged to the energy available for exchange. 

Effectiveness expressions: 

Case t. The slope of the operating line on the I — h diagram exceed- the biope of the 
saturation line in the region of water temperatures considered. 

e = .S) 

A," - ill 

Case 2, The slope of the saturation line exceeds that of the operating line. 


ki — kj 
r (/i /-wb) 


h ~~ h 

ti — /wb 


This equation represents the approach to wet-bulb. 


Usual tower operating conditions conform to Case 1. Because of the 
curvature of the saturation line, operating conditions may present them- 
selves to which neither Case 1 nor 2 applies. Since a simple expression for 
rhe intermediate case is not available, the expression of Case 1 may be 
utilized for the small number of operating conditions falling into the 
intermediate classification. 


Make-Up Water 

Since the atmospheric water cooling equipment performs its functions 
chiefly by evaporating a portion of the water in order to cool the re- 

Table 5. Comparison of Various Types of Atmospheric Water Cooling Equipment 

Figures indicate order of desirability 


CoouNQ Spea-t Sprat 1 Decx Mkcranical Indoor 
Pond Pond Tower ' Tower I>rapt Touer 

( 


Cost... 

X 

2 

1 

3 

4 

5 

Area 

5 

4 

3 

2 

1 

X 

Height 

1 

2 

3 

4-5 

4-5 

X 

Weight per square foot 

X 

X 

1 

3 

4 

2 

Independence of wind velocity. 

6 

3 

4 

5 

1-2 

1-2 

Drift nuisance 

1 

6 

5 

4 

2-3 

2-3 

Make-up water required 

1 

6 

5 

4 : 

2-3 

2-3 

Pumping head 

1 

2 

4 

5 

3 

6 

Maintenance 

2 

1 

3 

4 

5 

H 

Suitability for congested districts 

X 

5 

4 

3 

1 ! 

2 

Water quantity required for definite 
result 

6 

5 

4 

1-2 

1-2 

3 


xNot comparable. 
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nuinilcr, t h<Te U a continual drain on the quantity of water in the system, 
and this mu^t be replace^!. Approximately "l gal of water is lost for 
every lOUIl g.il of water ciXT-led per degree of cooling range; so if 1000 gpm 
of waftT are corilc<! through a 10 F range, 10 gpm of water will be re- 
quireil to replace evaporated watt*r. Replacement supply is usually 
regulated i*y a float rr^ntrol valve* Because the evaporation of the water 
leaves b<*hind the salts widch tin* water contained, high concentration of 
salts may make chem;«%il treatment nf the make-up water necessar>" to 
avoid excessive deprisir.s in the condensers. An additional amount of 
make-up water must be added to replace windage, or drift loss. This 
additional amount of varies from 0.1 to 3 per cent of the quantity 
of water l)*nng circulated this percentage depending upon the tx’pe of 
equipment and the wind velocity. 

Winter Freezing 

If Jitino-pheric water o joling equipment is operated in freezing weather, 
the water max’ Ut <T)oIe<i below freezing temperature so ice forms and 
collects until its weiglit causes damage. To obviate freezing during con- 
tinued rjiKjration, the emciency of the apparatus may be lowered. This 
is done on the spray pond and the spray cooling tower by reducing the 
quantity of water fed to the apparatus, thereby lowering the pressure at 
the nozzles and increasing the size of the drops product. On the deck 
tower the upper system may be shut off and a secondary distribution 
S}rstem put in ser' ice midway down the height of the tower. The water 
W]ill he kept above freezing because it will have shorter contact with the 
air. The mechanical draft tower can be protected by reducing the air 
flow through the tower, by stopping or reducing the spead of the fans, or 
by partially closing dampiers. 

If the system is operated intermittently in freezing weather, water in 
the basin may freeze and the expansion of the ice may do harm. Freezing 
during intermittent operation can be prevented only by draining tie 
water basin wlien it is out of ser\’ice. On small roof installations, a tank 
large enough to hold all the water in the system is often instadled inside 
the buikiing and the basin is drained into tiis by gravity, the pump suc- 
tion being taken from this inside tank. 

A comparison of various types of water cooling equipment is given in 
Table 5. 
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AIR POLLUTION 


Classification of Air Impurities^ Dust Concentrations, Air 
Pollution and Health, Occlusion of Solar Radiation, Smoke 
and Air Pollution Abatement, Dust and Cinders, Mature^ s 
Dust Catcher 

T he particulate impurities which contribute to atmospheric pollution 
include carbon from the combustion of fuels, particles of earth, sand, 
ash, rubber tires, leather, animal excretion, stone, wood, rust, paper, 
threads of cotton, wool, and silks, bits of animal and vegetable matter, 
and pollen. Microscopic examination of the impurities in city air shows 
that a large percentage of the particles are carbon. 

CLASSIFICATION OF AIR IMPURITIES 

The most conspicuous sources of atmospheric pollution may be 
classified in various ways, as dusts, fumes and smoke. In Fig. 1, the 
classification is by particle size, but recent practice favors differentiation 
by method of formation. Thus, dusts are composed of particles produced 
by disintegration of larger material, as by crushing or grinding, whereas 
fumes are produced by condensation, and smoke consists of the finer 
carbon particles resulting from incomplete combustion. Similarly, mists 
are formed by the breaking up of liquids and fogs by condensation of 
vapors. There is as yet, however, no general agreement on these terms. 

Dusts tend to settle without agglomeration, fumes to aggregate and 
smoke to diffuse. Particles which approach the common bacteria in 
size — from 1 to 10 microns — are difficult to remove from air and are apt 
to remain in suspension unless they can be agglomerated by artificial 
means. The term fly-ash is applied to solid ashy material, usually finely 
divided, that is a constituent of the effluent gases from coal-fired furnaces. 
Cinders denote the larger solid constituents which may be entrained by 
furnace gases. 

Particles larger than 10 microns are unlikely to remain suspended in 
air currents of moderate strength, but settle out by gravity at speeds 
dependent upon the shape, size and specific gravity of the particle and 
upon the wind velocity. These larger particles are of major interest to 
the engineer in the solution of nuisance problems; on the other hand, it is 
mainly the smaller particles that are of hygienic significance. A notable 
exception to this size limitation in the latter case is the common hay-fever 
producing pollen such as that from ragweed. Pollen grains may be any- 
thing from fragments 15 microns or less in diameter to whole pollens 25 
microns or more in size. 
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The lower limit of size of particle visible to the naked eye cannot be 
stated definitely. It depends not only upon the individual, but also upon 
the shape and color of the particle and upon the intensity of light. Under 


LAWS OF SETTLING 
IN RELATION TO 
PARTICLE SIZE 

(lines of oemarcat\on APPR0« ) 


PARTICLES FALL WITH 

mCREASING VELOCITY 



PARTICLES MOVE LIKE 
GAS MOLECULES 


N 



T ■ Absolute, 
Temperature 

N» Number of Gas 
molecules m 
one moW&XISxlO^ 


Compiled by W. G. Frank and Copyrighted. 

Fig. 1. Sizes and Characteristics of Air-Borne Solids 


ideal conditions a particle 10 microns, or even less, may be recognized, 
while under less favorable conditions it may be difficult or even impos- 
sible to recognize a particle of 50 microns. The lower limit of visibility 
should, therefore, be considered as within a range (as above) or optimum 
conditions stated. 
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Mineral particles, such as grains of sand, bits of rock, volcanic ash, or 
fly-ash, can be transported long distances under unusual circumstances. 
Thus, the dust stornis of 1935 in the Kansas district resulted in vast 
amounts of fine top soil being thrown high into the air. Solar illumination 

Table 1. Approximate Limits of Inflammability of Single Gases and Vapors 
IN Air at Ordinary Temperatures and Pressures^ 


Gas or Vapor 

Lower Limit 
Volume in 
Per Cent 

Higher Limit 
Volume In 
Pee Cent 

Acetaldehyde 

4.0 

57.0 

Acetone. 

3.0 

13.0 

Acetone^ 

2.5 

Acetylene 

2.5 

80.0 

Acetylene^. 

2.3 


Allyl alcohol 

2.4 


Ammonia 

16.0 

27.0 

Amyl alcohol 

1.2 

Amyl chloride. 

1.4 


Amyl<>nft_ . _ 

1.6 


Benzene. 

1.4 

6.7 

Rf^nxinp _ 

1.1 

Blast-furnace gas. 

35.0 

74.0 

Butane. 

1.9 

8.4 

Butyl acetate (30 C).... 

1.7 

7.6 

Butyl alcohol 

1.7 

— — 

Butylene. 

1.7 

9.0 

Carbon disulphide 

1.2 

50.0 

Carbon monoxide... 

12,5 

74.0 

Croton aldehyde.- 

2.1 

15.5 

Cyclohexane.- 

1.3 

8.3 

Cyclopropane.- 

2.4 

10.3 

Dpranp 

0.7 


Didilorethylene. 

9.7 

12.8 

Diethyl selenide 

Dioxan 

2.5 

2.0 

22.0 

Ethane 

3.2 

12.5 

Ethyl acetate 

20 

11.5 

Ethyl alcohol 

3,3 

19.0 

Ethyl bromide 

6.7 

11.2 

Ethyl chloride. 

40 

14.8 

Ethylene dichloride. 

62 

15.9 

Ethylene.- 

3.0 

29.0 

Ethyl ether. 

1.8 

36.5 

Ethyl formate— 

2.7 

16.5 

Ethyl nitrite 

3.0 


Ethylene oxide 

3.0 

80.0 

Furfural (125 C) 

21 


Gasoline 

1.4 

6.5 

Heptane 

1.0 

— 


Gas or Vapor 

Lovter Limit 
Volume in 
Per Cent 

Higher Limit 
Volume in 
Per Cent 

Hexane 

1.2 

6.9 

Hydrocyanic acid 

5.6 

40.0 

Hydrogen 

4.1 

74.0 

Hydrogen sulphide 

4.3 

45.5 

Illuminating gas._ 

5.3 

31.0 

Iso-amyl alcohol 

1.2 


Iso-butane._ 

1.8 

8.4 

Iso-butyl alcohol 

1.8 

Tsn-pf^n tariff 

1.3 


Iso-propyl acetate 

1.8 

7.8 

Iso-propyl alcohol 

2.6 


Methane 

5.3 

14.0 

Methanet> 

5.0 

15.0 

Methyl acetate- 

3.1 

15.5 

Methyl alcohol 

6.7 

36.0 

Methyl bromide 

13.5 

14.5 

Methylbutyl ketone.— 

1.2 

8.0 

Methyl chloride 

8.0 

19.0 

Methyl cyclohexane-. 

1.2 


Methyl ethyl ether...... 

2.0 

10.1 

Methyl ethyl ketone.. 

1.8 

10.0 

Methyl formate. 

5.0 

23.0 

Methyl propyl ketone 

1.5 

8.5 

Natural gas 

4.8 

13.5 

Nnnanp 

0.8 


__ 

0.9 


o-Xylene 

1.0 

6.0 

Paraldehyde 

1.3 


Pentane 

1.4 

7.8 

Propane- 

2.4 

9.5 

Propyl acetate- 

1.8 

8.0 

Propyl alcohol 

2.5 


Propylene 

2.0 

11.1 

Propylene dichloride.. 

3.4 

14.5 

Propylene oxide 

2.1 

21.5 

Pyridine (70 C) 

1.8 

12.4 

Toluene 

1.3 

6.7 

Vinyl ether. — 

1.7 

27.0 

Vinyl chloride 

4.0 

22.0 

Water gas 

6 to 9 

55 to 70 


s^Limits of Inflammability of Gases and Vapors, by H. F. Coward and G. W. Jones {U. S. Bureau of 
Mines, Bidletin No 279, 1939). 

^Turbulent mixture. 

as far east as Boston was affected noticeably and particles as large as 40 
to 50 microns were actually carried half way across the continent before 
they settled out. In similar manner volcanic ash has been carried even 
further. It is not surprising, therefore, that fly-ash from furnace gases, 
cement dust and the like, can be carried for considerable distances and 
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occasionally the engineer is confronted with the problem of removing such 
material before the air in question is suitable for use in building venti- 
lation. 

The physical properties of the particulate impurities of air are summar- 
ized conveniently in the chart of Fig. 1. 

In the case of gases, the objectionable features are the injurious 
physiological effects and the danger from inflammability. (See Table 1.) 

Dust Concentrations 

It is customary" to report dust concentrations as grains per 1000 cu ft 
or milligrams per cubic meter (except for dusts that may cause pneu- 
moconiosis, which are reported as so many particles per cubic foot of air). 
Gas concentrations are commonly recorded as milligrams per cubic meter 
or as parts per million or as per cent by volume. Typical ranges in dust 
concentrations as now found in practical applications are given in Table 2. 


Table 2. Dust Concentration Ranges in Practical Applications^ 


Application 

Grains Per 1000 Cu Ft 

Mgs Per Cu M 

Rural anri suburban districts _ _ 

0.2 to 0.4 

0.4 to 0.8 
0.8to 1.5 

4.0 to 80.0 
4000 to 8000 

0.4 to 0.8 

0.9 to 1.8 

1 . 8 to 3 . 5 

10 to 200 
10,000 to 20,000 

Metropolitan districts 

Industrial districts _ 

Dusty factories or mines 

Explosive concentrations (as of flour or soft coal).. 


»1 grains per 1000 cu ft =* 2,3 mgs per cubic meter; 1 oz per cubic foot = 1 g per liter. 


The engineer frequently desires information regarding the effects of 
various concentrations of gases or dusts upon man, as the success of a 
particular installation may depend upon the maintenance of air which 
is adequately clean. At the present time there are several organi- 
zations worlang on this problem all of them publishing literature of 
various kinds.* References to books covering the hygienic significance, 
determination and control of dust are listed at the end of this chapter. 

AIR POLLUTION AND HEALTH 

The prevention of various diseases which result from exposure to 
atmospheric impurities is an engineering problem. It is important for 
the engineer to insure, by proper ventilation, suitable environments for 
working or for general living. If the equipment used is to be successful, it 
must operate automatically as in the modern air conditioned theater or 
railroad train. 

In Table 3 are given data on permissible concentrations of various 
substances, _ gases and dusts, which occur in industry. The prudent 
engineer will design equipment using these bench marks as the upper 
limits of pollution. In general it is good practice to avoid recirculation 
of air which originally contains toxic substances. Obviously there may be 


‘Nation^ InsUtute for Healtt, U. S. I^bBc Health Service; Division of Labor Standards, U. S. Deoart- 
mei^ of Labor; l^iversity of Toronto Medial School, Canada; ^ranac Laboratories, Saranac Lake, 
N. Y.; Lidustn^ Hygiene Foundation, Inc., Pittsburgh, Pa.; Harvard School of PubUc Health, Boston. 
Mass.; HaskeU Laboratory, Wilmi^ton, Del.; and the Departments of Health and of Labor in the United 
States and m various provinces of Canada. 
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exceptions to this rule, but it is one which is generally being followed in 
current practice. 

Affections of the respiratory tract are associated with exposure to 
thick dust, and may follow inhalation of practically any kind of insoluble 
and non-colloidal dust. Atmospheric dust in itself cannot be blamed for 
causing tuberculosis, but it may aggravate the disease once it has started. ^ 

Table 3. Toxicity of Gases, Vapors, Dusts and Fumes^ 


Substance 

Single Exposures 

Max. Allowable 

AVER.A.GE 

Concentration 
FOR Repeated 
Exposures 

Rapidly 

Fatal 

Dangerous for 
from 

M to 1 Hour 

Max. Safe 
Concentration 
for H to 1 Hour 

(ppm) 

(ppm) 

(ppm^ 

(ppm) 

Ammonia 

5,000-10,000 

2500 

300 

100 

Aniline. 



105-160 

5 

Arsine 

250 

15 

1 6 

1 

Benzene 

190 


! 31-47 

100 

Carbon bisulfide 

4800 

3200-3850 

960-1600 

20 

Carbon dioxide,- 

80,000-100,000 




Carbon monoxide 

4000 

1566^2666 

400 

100 

Carbon tetrachloride 

10,000 


1000 

100 

Chlorine 

900 

14-21 

3.5 

1 

Hydrogen c^'anide.... 

270 

110-135 

45-54 

20 

Hydrogen chloride.... 

1250-1750 

1000-1350 

40-90 

1 10 

Hydrogen fluoride.... 

660 

50-250 

10 

3 

Hydrogen sulfide 

1000-2000 

360-500 

200-300 

20 

Methyl bromide.- 

20,000-40,000 

2000-4000 

1000 


Methyl chloride 

150,000-300,000 

20,000-40,000 

7000 


Nitrobenzene 



200 

5 

Oxides of nitrogen..., 

320-530 

117-154 


10 

Phosgene 

90 

12.5 


1 

Phosphine.- 

2000 

400-600 

100^200 

2 

Sulfur dioxide— 

400-500 

160-190 

50-100 

10 

T etrachlorethane. 

7300 



10 

Toluene and xylene.. 




200 





T richlorethvlene 

7800 


3700 

200 

Dusts: 





Containing high percentages of free silica 


5 million^ 

Containing 25 to 35 percentages of free silica 


10-20 million^ 

Containing small percentages of free silica — 


30 million^ 





O.lc 

. -- - -- - 

0 . 15 c 

Mercury 

O.lc 

Manganese . __ _ 

30<^ 

Zina- 

15 c 


^Adapted from Sayers and DallaValle, Mechanical Engineering, April, 1935; American Standards 
Association; Journal of Industrial Hygiene and Toxicology, June, 1940; and other authoritative sources. 
bParticles (less than 10 microns) per cubic foot of air. 
cMilligrams per cubic meter of axr. 

The sulphurous fumes and tarry matter in smoke are more dangerous 
than the carbon. In foggy weather the accumulation of these substances 
in the lower strata may be such as to cause irritation of the eyes, nose, and 
respiratory passages. The Meuse Valley fog disaster will probably become 

’Physiological Response of the Peritoneal Tissue to Dusts Introduced as Foreign Bodies, by Miller 
and Sayers (JJ. 5. Public Health Reports, 49:80, 1934). 
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a classic example in the histor>" of gaseous air pollution.^ Released in a 
rare combination of atmospheric calm and dense fog, it is believed that 
sulphur dioxide and other toxic gases from the industrial region of the 
valley caused 63 sudden deaths, and injuries to several hundred persons. 

Carbon monoxide from automobiles and from chimney gases consti- 
tutes another important source of aerial pollution in busy cities. During 
heavy traffic hours and under atmospheric conditions favorable to con- 
centration, the air of congested streets may contain enough CO to affect 
those exposed over a period of several hours, particularly if their activities 
call for deep and rapid breathing. In open air under ordinary conditions 
the concentration of CO in city air is insufficient to affect the average city 
dweller dr pedestrian. 

Occlusion of Solar Radiation 

The loss of light, particularly the occlusion of solar ultra-violet light 
due to smoke and soot, is beginning to be recognized as a health problem 
in many industrial cities. Measurements of solar radiation in Baltimore® 
by actinic methods show that the ultra-violet light in the country was 
50 per cent greater than in the city. In New York City^ a loss as great as 
50 per cent in visible light was found by the photo-electric cell method. 

The aesthetic and economic objections to air pollution are so definite, 
and the effect of air-borne pollen can be shown so readily as the cause of 
hay-fever and other allergic diseases, that means and expenses of pre- 
vention or elimination of this pollution are justified. 

SMOKE AND AIR POLLUTION ABATEMENT 

Successful abatement of atmospheric pollution requires the combined 
efforts of the combustion engineer, the public health officer, and the 
public itself. The complete electrification of industry and railroads, and 
the separation of industrial and residential communities would aid 
materially in the effective solution of the problem. 

In the large cities where the nuisance from smoke, dust and cinders is 
the most serious, limited areas obtain some relief by the use of district 
heating. The boilers in these plants are of large size designed and oper- 
ated to burn the fuel without smoke, and some of them are equipped with 
dust catching devices. The gases of combustion are usually discharged at 
a much higher level than is possible in the case of buildings that operate 
their own boiler plants. 

In general, time, temperature and turbulence are the essential require- 
ments for smokeless combustion. Anything that can be done to increase 
any one of these factors will reduce the quantity of smoke discharged. 
Especial care must be taken in hand-firing bituminous coals. (See 
Chapter 7.) 

Checker or alternate firing, in which the fuel is fired alternately on 
separate parts of the grate, maintains a higher furnace temperature and 
thereby decreases the amount of smoke. 


‘Effects of Atmospheric Pollution Upon Incidence of Solar Ultra-Violet Light, by J. H. Shrader, M. H 
Coblentz and F. A. Korff {American Journal of Public Healthr p. 7, Vol. 19, 1929). 

^Studies in Illumination, by J. E. Ives (U, S. Public Health Service Bulletin No. 197, 1930), 
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Coking and firing, in which the fuel is first fired close to the firing door 
and the coke pushed back into the furnace just before firing again, pro- 
duces the same effect. The volatiles as they are distilled tiius have to 
pass over the hot fuel bed where they will be burned if they are mixed with 
sufficient air and are not cooled too quickly by the heat-absorbing surfaces 
of the boiler. 

Steam or compressed air jets, admitted over the fire, create turbulence 
in the furnace and bring the volatiles of the fuel more quickly into contact 
with the air required for combustion. These jets are especially helpful 
for the first few minutes after each firing. Frequent firings of small 
charges shorten the smoking period and reduce die density. Thinner 
fuel beds on the grate increase the effective combustion space in the 
furnace, supply more air for combustion, and are sometimes effective in 
reducing the smoke emitted, but care should be taken that holes are not 
formed in the fire. A lower volatile coal or a higher gravity oil always 
produces less smoke than a high volatile coal or low gravity oil used in 
the same furnace and fired in the same manner. 

The installation of more modem or better designed fuel burning equip- 
ment, or a change in the construction of the furnace, will often reduce 
smoke. The installation of a Dutch oven which will increase the furnace 
volume and raise the furnace temperature often produces satisfactory 
results. 

In the case of new installations, the problem of smoke abatement can 
be solved by the selection of the proper fuel-burning equipment and 
furnace design for the particular fuel to be burned and by the proper 
operation of that equipment. Constant vigilance is necessary to make 
certain that the equipment is properly operated. In old installations the 
solution of the problem presents many difficulties, and a considerable 
investment in special apparatus is often necessary. 

Legislative measures at the present time are largely concerned with the 
smoke discharged from the chimneys of boiler plants. Practically all of 
the ordinances limit the number of minutes in any one hour that smoke of 
a specified density, as measured by comparison with a Ringelmann Chart 
(Chapter 36), may be discharged. 

These ordinances do not cover the smoke discharged at low levels by 
automobiles, and, although they have been instrumental in reducing the 
smoke emitted by boiler plants, they have, in many instances, increased 
the output of chimney dust and cinders due to the use of more excess air 
and to greater turbulence in the furnaces. 

Legislative measures in general have not as yet covered the noxious 
gases, such as sulphur dioxide, nor sulphuric acid, fog, which are dis- 
charged with the gases of combustion. Where high sulphur coals are 
burned, these sulphur gases present a serious problem. 

DUST AND CINDERS 

The impurities in the air other than smoke come from so many sources 
that they are difficult to control. Only those which are produced in 
large quantities at a comparatively few points, such as the dust, cinders 
and fly-ash discharged to the atmosphere along with the gases of com- 
bustion from burning solid fuel, can be readily controlled. 
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Dusts and cinders in flue gas may be caught by various devices on the 
market, such as fabric filters, dust traps, settling chambers, centrifugal 
separators, electrical precipitators, and gas scrubbers, described in 
Chapter 29. 

The cinder particles are usually larger in size than the dust particles; 
they are gray or black in color, and are abrasive. Being of a larger size, 
the range within which they may annoy is limited. 

The dust particles are usually extremely fine; they are light gray or 
yellow in color, and are not as abrasive as cinder particles. Being ex- 
tremely fine, they are readily distributed over a large area by air currents. 

The nuisance created by the solid particles in the air is dependent on 
the size and physical characteristics of the individual particles. The 
difficulty of catching the dust and cinder particles is principally a function 
of the size and specific gravity of the particles. 

Lower rates of combustion per square foot of grate area will reduce the 
quantity of solid matter discharged from the chimney with the gases of 
combustion. The burning of coke, coking coal, and sized coal from which 
the extremely fine coal has been removed will not as a general rule produce 
as much dust and cinders as will result from the burning of non-coking 
coals and slack coals when they are burned on a grate. 

Modern boiler installations are usually designed for high capacity per 
square foot of ground area because such designs give the lowest cost of 
construction per unit of capacity. Designs of this type discharge a 
large quantity of dust and cinders with the gases of combustion, and if 
pollution of the atmosphere is to be prevented, some type of catcher must 
be installed. 


NATURES DUST CATCHER 

Nature has provided means for catching solid particles in the air and 
depositing them upon the earth. A dust particle forms the nucleus for 
each rain drop and the rain picks up dust as it falls from the clouds to the 
earth. However, it was found in recent studies® that rain was not a good 
air cleaner of the material below about 0.7 micron. 


^Atmospheric Pollution of American Cities for the years 1931-1933, by J. E. Ives et al iXJ. S. Public 
Health Bulletin No. 224, March, 1936). 
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AIR CLEANING DEVICES 


Damage Caused by Dust, Classification of Air Cleaning Devices, 
Viscous-Impingement Filters^ Dry Air Filters, Air Washers, 
Electrical Precipitators, Cleaning of Gases from Exhaust 

Systems 

I N this chapter the term cleaning is assumed to mean the removal of 
particulate matter from the air. The removal of foreign gases and 
vapors requires entirely different methods and is discussed in Chapter 40. 

The cleaning of air involves the removal of many kinds of materials 
having a wide range of particle sizes and concentrations. The degree 
of air purification required varies widely, consequently, many types of 
devices having radically different design characteristics are available. 

The various materials that pollute the air are discussed in Chapter 28, 
Fig. 1, which shows characteristics of particles ranging in size from 8000 
to 0.001 microns. The importance of particles in the range from 0.1 to 
0.001 microns is open to argument. Particles below 0.1 micron can be 
seen in some microscopes as specks of reflected light, and a few micro- 
scopes using ultra-violet light have a resolving power of 0.1 micron, but 
the smallest particle which is really resolved in microscopes using ordinary 
light is about 0.25 micron. The performance of particles below 0.1 
micron is, therefore, controversial because no means have been developed 
for reliably counting or measuring the sizes of the particles. 

Even if the discussion is limited to the range from 0.1 micron to 50 
microns, from the smallest particle observable in the microscope to the 
smallest particle distinguishable to the naked eye, this range is so far 
outside the usual experience that it is difficult to visualize. If particles 
could be examined through a super microscope having a magnification 
of 250,000 diameters, a tobacco smoke particle of 0.1 micron would 
appear to be 1 in. in diameter, or approximately the size of a golf ball; 
a soft coal smoke particle 0.3 micron in diameter would appear like a 
baseball; a ragweed pollen grain 20 microns in diameter would appear 
16.5 ft in diameter, while the 50 micron particle, just visible to the naked 
eye and able to pass through a 270 mesh screen, would appear to be 50 ft 
in diameter. Picturing this range in particle size from a golf ball to a 
sphere 50 ft in diameter may aid in appreciating the problem of cleaning 
air and the difficulty of devising any single test to adequately measure 
the performance of air cleaning devices under all conditions of service. 
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DAMAGE CAUSED BY DUST 

Dust may cause damage in many ways, but usually it must first 
lodge on a surface. Larger particles settle rapidly out onto surfaces. 
The rate of fall of particles is given in Chapter 28, Fig. 1. Those visible 
to the unaided eye (50 microns or over) fall so rapidly that few remain 
in the air. However, any large ones which are carried into a room are 
almost certain to settle and are so noticeable when they have settled as 
to be very objectionable. 

Any air movement, particularly over fabrics or unpolished surfaces, 
tends to deposit dust on the surface. The smallest particles observable 
in the microscope are deposited in this way. 

A phenomenon of great importance in air conditioning and one not yet 
generally appreciated is thermal precipitation of dust. This is the 
tendency for dust to be deposited on any surface which is cooler than the 
adjacent air. It is largely responsible for outside walls becoming dirtier 
than partitions. In the case of plaster on wood lath, the dark streaks 
following the spaces between laths are very noticeable and frequently 
beams and other structural members can be traced by the difference in 
blackness of the wall or ceiling. Thermal precipitation deposits particles 
of all sizes apparently with very little differentiation as to size. 

By keeping the surface temperature higher and more uniform, modern 
thermal insulation decreases the deposit of dust and makes it more uni- 
form and less noticeable. 


REQUIREMENTS 

The removal of larger particles is always important because they 
quickly settle out of the air and become’ noticeable on surfaces as visible 
dustiness. In many applications the removal of these larger particles will 
constitute satisfactory performance, and a relatively simple device can 
be used. 

In cities where large quantities of soft coal are burned, the air becomes 
contaminated, with fine black smoke particles. These are deposited on 
walls, draperies, and other interior surfaces by air movement and by 
thermal precipitation. Their removal is much more difficult than that 
of the large particles. 

Hay fever is usually due to pollen in the air, and many people, once 
this trouble has started, are sensitive to minute amounts of pollen, so 
that almost perfect cleaning may be required. Asthma may be caused 
by many things, including pollens and fine dusts. Many afflicted with 
either disease, who have not obtained relief from usual remedies, have 
found it in a room where the air is efficiently cleaned from small as well 
as large particles. 

In air conditioning systems the maintenance of constant air flow is 
essential. In summer cooling, a decrease in air flow may cause a reduction 
in temperature of discharged air. This, combined with reduced velocity, 
may completely upset the air distribution objective resulting in drafts. 
The air cleaning equipment must function so that reduction in air flow 
due to the normal accumulation of dust will not cause faulty operation 
of the system. 
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In addition to requirements which are specified the following features 
are desirable: 

1. Low resistance to air flow. 

2. Ease of cleaning and maintenance. 

3. Efficiency over a wide range of velocities. 

4. Binding liquid to catch particles must not contaminate the air. 

TESTING 

The wide variety of materials and particle sizes which may be present 
in the air makes the testing of air cleaning devices dijfiicult. Probably 
no standardized test can cover all of the conditions which may be en- 
countered in service. 

Tests have been devised which compare the ability of air cleaners 
to remove a certain artificial dust under specified conditions. This 
seems to be the most practical way of comparing various devices, but 
it may lead to misleading results if the dust is not representative of the 
dust to be removed in service. 

The most common test is that specified by the A.S.H.V.E. Standard 
Code^ for Testing and Rating Air Cleaning Devices Used in General 
Ventilation Work^. This Code specifies an artificial dust consisting of a 
mixture of dusts, which has passed through a 200 mesh screen. The 
efficiency is measured in terms of the ratio of the weight of dust removed 
to the weight of dust injected into the air. This is a well-worked-out 
method for testing the ability of a device to remove the coarser particles, 
but it is not a satisfactory measure of the ability of a device to remove 
extremely fine particles. In general, any weight method tends to measure 
the efficiency of removal of the larger particles present in the test dust. 
The largest particle specified in this Code is one just passing a 200 mesh 
screen or one 70 microns in diameter. Assuming a dust containing one 
such particle to 1,000,000 particles having a diameter of 0.1 micron, the 
70 micron particle will have 3.43 x 10® times the weight of one of the 0.1 
micron particles, all particles having the same density. If the cleaning 
device removes the one large particle but removes none of the 0.1 micron 
particles, the weight efficiency will be the ratio of the weight removed to 
the weight of dust injected or 99.71 per cent by weight even though only 
one particle out of 1,000,000 has been removed. This is obviously an 
exaggerated case, but illustrates the weakness of a weight test in meas- 
uring efficiency of removal of fine particles. 

In testing air filters at the National Bureau of Standards, a much finer 
dust is used and the efiiciency is measured by determining the relative 
blackness of pieces of filter paper through which air is passed^. The test 
dust used is a sample of dust collected by a precipitator in a local power 
plant, which of course is not as fine as atmospheric dust. However, this 
method of measuring efficiency can be used with atmospheric dust to 
test an air cleaning device under actual operating conditions. The 
efficiency is determined by drawing samples of filtered and unfiltered air 
through pieces of filter paper, the volumes of air being adjusted until 

lA.S.H.V.E. standard Code for Testing and Rating Air Cleaning Devices Used in General Ventilatioi 
Work (A.S.H.V.E. Transactions, Vol. 39, 1933. p. 225). 

2A Test Method for Air Filters, by Richard S. Dill (A.S.H.V.E. Transactions. Vol. 44. 1938. p. 3791 
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equal blackness is obtained. If, for example, one unit of volume of 
unfiltered air gives the same blackness as four units of voluine of filtered 
air, the efficiency is said to be 75 per cent. This method gives a much 
better measure of the tendency to blacken walls than the weight ef- 
ficiency. 

CLASSIFICATION OF AIR CLEANING DEVICES 

Considering the wide variety of materials and particle sizes to be 
removed and the variety of requirements, it is natural that many kinds 
of devices are used which cannot be shown satisfactorily in a single 
simple classification. The following outline gives classifications on three 
different bases: 

1. Methods of cleaning. 

a. Automatic. 

b. Non-automatic. 

(1) Throw-away, replaceable elements. 

(2) Manually cleaned in place. 

(3) Removable for cleaning. 

(4) Adsorption of gases and odors. 

2. Principle of air cleaning. 

a. \'iscous-impingement filters. 

b. Dry filters. 

c. Washers. 

d. Centrifugal devices. 

e. Electrical precipitators. 

f. Carbon adsorbers. 

3. Classification according to application. 

a. General air conditioning. 

(1) Central cleaning system. 

(2) Unit ventilator, 

(3) Window installation. 

(4) Warm air furnace. 

b. Removal of smoke and fumes from stack gases. 

c. Collection of dusts from exhaust systems. 

d. Removal of odors from intake, exhaust and recirculation. 

VISCOUS IMPINGEMENT TYPE FILTERS 

The principle of air cleaning used in viscous filters is that of adhesive 
impingemenL Dust and dirt in the air, especially soot and carbons, are 
trapped and retained by successive impingements on coated surfaces. 
The arrangements of filtering mediums and the kind of materials used 
are almost unlimited. Since this type of device depends on impingement, 
it is more effective in catching large particles than small ones. To secure 
maximum cleaning efficiency, it is necessary to divide the air into in- 
numerable fine streams, to obtain intimate contact between the air and 
the viscous-coated mediums. 

The following are desirable characteristics of a binding liquid : 

1. Its surface tension should be such as to produce a homogeneous film-like coating 
on'^the filter medium. 
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2. The viscosity should vary only slightly with normal changes of temperature. 

3. It should prevent the development of mold spores and bacteria on the filter 
mediums. 

4. The liquid should have high capillarity, or ability to wet and retain the dust at all 
operating temperatures. 

5. Evaporation should be low. 

6. It should be fire resistant. 

7. It should be odorless. 

Viscous Type Unit Filters 

In the unit type viscous filter, the filtering mediums are arranged in units 
of convenient size to facilitate installation, maintenance, and cleaning. 
Each unit consists of an interchangeable cell or replaceable filter pad and 
a substantial frame which may be bolted to the frames of other like units 
to form a partition between the source of dusty air and the fan inlet. 

To secure the maximum dust-holding capacity, the filter medium is 
usually arranged with large pores or air passages on the entering air side, 
the filter density increasing gradually toward the leaving air side. This 
arrangement provides relatively large spaces for the collection of dirt in 



the front of the filter where the bulk of the dust is taken out without 
undue increase in resistance, while in the back of the filter the openings 
are smaller to secure high efficiency in the removal of the finer dust 
particles. 

The resistance of a well-designed unit filter of the adhesive impinge- 
ment type usually depends upon the velocity at which the air is handled 
and upon whether the unit is clean or dirty. The cleaning efficiency is 
usually highest after it has accumulated a certain portion of its maximum 
load of dirt because some dust collected in the cell acts as an efficient 
medium for the further seizing of solids from the air. By periodically 
cleaning a predetermined number of cells, the resistance and capacity 
of a built-up filter may be held at any desired figure. The frequency of 
cleaning any installation depends upon the dust concentration of air 
being cleaned, and on the amount of dirt which can be accumulated in 
the medium without causing excessive resistance. (Figs. 1, 2 and-S.) 

The type of dust being collected has a marked effect on the increase in 
resistance and the dust holding capacity of a filter. Where appreciable 
quantities of lint, or other fibrous air impurities are encountered, the 
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entering surface of a filter may clog ver\" rapidly. For such a condition, 
a dr>^ type of filter is usually preferable. 

A chart showing the increase in resistance of a unit filter of the viscous 
impingement type, when tested with the standard test dust described in 
the Code, is given in Fig. 1. The resistance to air flow of three typical 
clean viscous impingement type filters having different densities of 
mediums is shown in Fig. 2. Type A is a dense pack used in bacterium 
control; Type B is a medium pack used for general ventilation work. 



Fig. 2. Resistance to Air Flow of Typical Unit Air Filters 



Fig. 3. Maintenance Chart for Unit Type Viscous Filters 

^d Type C is a low resistance unit for use where low resistance is the 
important factor and maximum cleaning efficiencies are not essential. 
The operating characteristics which might be expected under various dust 
concentrations with air filters having different dust-holding capacities 
are illustrated in Fig. 3. 

Filters consisting of inexpensive frames of cardboard or similar material 
filled with viscous-coated glass wool, steel wool or the like are available. 
Because of their construction these units may be discarded when dirty 
and replaced with new units at relatively little expense. They are used in 
general ventilation work and with warm-air furnaces and other instal- 
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lations where low first cost and low resistance to air flow are essential. 
The operating characteristics of these units conform in general with those 
of the rigid frame type. 

Viscous Automatic Filters 

In this type of filter, the removal of the accumulated dust is done 
automatically instead of by hand. The automatic cleaning and recoating 
of these filters is based on the principle that the viscous fluid itself will 
perform the cleaning function, thereby eliminating a separate washing 
agent. The dust collected by the filter is deposited finally in the bottom 
of the viscous fluid reservoir from which it may be removed by different 
methods, depending on the design of the filter. 

The filtering medium of the automatic filter is assembled in the form 
of an endless curtain suspended vertically, with its lower portion sub- 
merged in a viscous fluid reservoir. Cleaning and recoating is accom- 
plished by slowly moving the curtain through the bath. The curtain is 
driven by an electric motor, and its motion may be continuous or in- 
termittent. 

The customary resistance to air flow is ^-in. water gage at an air 
velocity of 500 fpm, measured at the filter entrance. Automatic viscous 
filters are made up in units which are delivered either fully assembled or 
in parts to be assembled at the point of installation. 

DRY AIR FILTERS 

Dry air filters, in which dust is impinged upon or trapped in screens 
made of felt, cloth, cellulose, or other fabrics, are available in various 
types. These filters require no adhesive liquid, but depend on the strain- 
ing or screening action of the filtering medium. Because of the close 
texture of the materials used in most of the dry filters, the surface velocity, 
or velocity of the entering air, ranges between 10 and 50 fpm, depending 
on the nature and texture of the fabric. This necessitates a relatively 
large screen surface, which is usually arranged in the form of pockets 
to bring the frontal area within customary space requirements. 

As with viscous unit filters, an average constant resistance and air 
volume may be obtained by periodic reconditioning or renewal of the filter 
screens. Since some materials suitable for dry filtering mediums are 
affected considerably by moisture which tends to cause a rapid increase 
in resistance, they should be treated or processed to minimize the effect of 
changes in humidity. 

Filters using felt and similar materials usually depend upon vacuum 
cleaning for reconditioning. A special nozzle, operated from a portable 
or stationary vacuum cleaner, is shaped to reach all parts of the filter 
pockets. Permanent filter mediums should be capable of withstanding 
repeated vacuum cleanings without loss in dust removal efficiency. While 
most dry filters are cleaned by replacing an inexpensive filter sheet, the 
useful life of these sheets often may be lengthened by vibrating or vacuum 
cleaning. 

AIR WASHERS 

Air washers, originally designed as the name implies to wash air, are 
now used for humidification (see Chapter 27). Their ability to cleanse 
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air depends upon the nature of the dust; fine particles, especially those 
having no affinity for water, are not efficiently removed. 

ELECTRICAL PRECIPITATORS 

Electrostatic precipitation has long been used for the precipitation of 
smokes and fumes from smoke stacks, but until recently such equipment 
was unsuited to air conditioning and ventilation applications. The 
operating principles of this device are shown schematically in Fig. 4. 
A discharge takes place from a small wire to grounded electrodes and as 
the air passes through this discharge the dust particles receive an electrical 
charge. The air then passes between parallel plates with a high potential 
difference between plates. The resulting electric field attracts the dust 
particles to one set of plates. 



Fig. 4. Diagrammatic Cross-Section of Electrostatic Precipitator 


The electric force is effective in depositing the particle on the plate, 
but does not hold it there. Some dusts stick to the plates, but in general 
there should be a coating of adhesive. The dust is removed by washing. 
As this device is sensitive to air velocities, care should be taken to avoid 
any local currents that exceed rated velocity. An advantage of electro- 
static precipitation is the ability to remove fine particles at high efficiency 
and with a low pressure drop, and thus with little change in the volume 
of air delivered. This feature must be balanced against the greater 
first cost. 


CLEANING OF GASES FROM EXHAUST SYSTEMS 

The gases from exhaust systems vary widely, but in general contain 
heavy concentrations of dust as compared to ventilation practice. A 
dust loading of one grain per cubic foot of air is not unusual, which is 
about 1000 times the dirt usually found in ventilating air. For this 
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reason even though the cleaning efficiency is high it is still usually desir- 
able to discharge the exhaust out of doors. The purpose of the cleaning is 
then to prevent a nuisance in the neighborhood or to collect valuable 
material. 

Gravitationai Settling Chambers 

Settling chambers are simple but effective only in removing large 
particles. The rate of fall of various particles is given in Fig. 1 of Chapter 
28. Even though the vertical height is kept small to reduce the time of 
fall, limitations of space and volume of air to be handled usually allow 
time for only the larger particles to settle, even if the flow is perfectly 
streamlined. Actually, eddies retard the settling of particles so that the 
full velocity of fall is not realized. 

Cyclones or Centrifugal Separators 

The force^ causing settling can be increased many times that of gravi- 
tation by giving the air a whirling motion and introducing centrifugal 
force.^ The settling rate then becomes dependent upon the peripheral air 
velocity and the radius of curvature as well as upon the other factors. 

In cyclone separators, air is introduced tangentially into a vertical 
cylinder and passes out from the center of the top. The gas velocity and 
curvature of the cylinder cause whirling which throws the particles to 
the surface. The particles slide down this surface and are removed 
through a hopper in the cone bottom, or are thrown through slits in 
the periphery. 

Assumptions regarding streamline flow and turbulence make general 
calculations of centrifugal settling rate quite involved and rough. Cen- 
trifugal separators have wide application in connection with industrial 
operations such as grinding, screening and combustion, but have little or 
no effect upon the finer particles. 

When a high collection efficiency is desired, or the material is unusually 
fine, multicyclones may be used. These are merely small cyclones 
arranged in parallel which utilize the principle of high centrifugal velocity 
to attain separation. 

Cloth Filters 

Filters are used when the material collected by an exhaust system is 
valuable or cannot be separated efficiently from the air with an ordinary 
cyclone. They are also employed when it is desirable to recirculate the 
air drawn from a room by the exhaust system, which otherwise might 
entail considerable loss in heat. Bag filters which are properly housed 
may be operated under suction. Bag houses used in manufacture of 
zinc oxide and other chemical products are operated on the positive 
side of the fan. 

Wool, cotton and asbestos cloths are commonly used as filtering 
mediums. When woolen cloths are employed, the filtering capacities 
vary from 3^ to 10 cfm per square foot of filtering surface, depending on 
the character of the material collected. The rates for cotton and asbestos 
cloths are lower. The type of filter cloth and the rates of filtration 
depend, of course, on the material to be collected and the fan capacity. 
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The collected dust particles themselves aid in agglomerating and retaining 
others. Periodic shaking with the fans off or reversed, at intervals of a 
few hours, drops the excess dust into a lower header or hopper for removal. 

Readily removed filters built in small sections in which filter mediums 
can be replaced are of distinct advantage where deterioration is rapid. 
Various styles of construction are available which combine quick inter- 
changeability and large filtering area per square foot cross-sectional area. 
Use of several independent units in parallel is important for the recon- 
ditioning of each unit separately. Both continuous and intermittent 
shaking and sweeping devices remove excess dust and maintain a low 
resistance. 

Such filters should be frequently inspected for leaks and the bags or 
screens should be in readily replaceable units. General practice in this 
field is to use a low flow per square foot of cloth and a high pressure drop, 
giving a relatively high efficiency as compared to general ventilation 
practice. However, because of the high dust loading, the discharged air 
may still carry excessive dust for ventilating purposes. 

SMOKE STACKS 

Gases discharged from smoke stacks may contain relatively large 
particles of cinders and carbon as well as the fine smoke which remains 
in relatively permanent suspension. Large particles settle quickly and 
are likely to constitute a serious nuisance in the immediate neighborhood. 
Smoke tends to spread over a large area, but in cities the large number of 
stacks may pollute the atmosphere over the entire city. 

A variety of cinder catchers is available for catching the large 
cinders. Devices of the cyclone type remove much finer particles, but 
for anything approaching complete cleaning, electrostatic precipitators 
are usually required. For this purpose they usually consist of wires (at 
potential of 30,000 to 100,000 volts negative) suspended between vertical 
plates or hanging in the center of vertical cylinders. The dust collects 
on the plates or cylinders which are periodically vibrated or rapped to 
cause the dust to fall down into hoppers. 

ODOR ADSORPTION 

In recent years adsorption has been applied to ventilation for the 
removal of odors and also of gases or vapors which might be harmful 
or undesirable. A suitable adsorbing medium known for application to 
ventilation systems is cocoanut shell activated carbon. It is a hard 
granular very porous substance which has the property of selectively 
adsorbing gases. It adsorbs, in most cases, 60 per cent or more of its own 
weight and retains more than half of this amount. At ordinary tem- 
peratures none of the gases which are normal ingredients of the atmos- 
phere are adsorbed. With very few exceptions, nearly all other gases are 
adsorbed. Two exceptions are carbon monoxide and ammonia. For 
water vapor, which is readily adsorbed, the carbon has no retentivity, and 
therefore the water is displaced by other gases when they are adsorbed. 
It may be used to remove such odors or gases as food odors, sweat and 
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body odors, putrefaction and sewage odors, animal odors, perfumes, 
alchohols, hydrocarbon, solvents, hydrogen sulphide and sulphur dioxide. 

The apparatus consists in principle of relatively thin granular beds 
through which the air stream passes. Upon contact with the grains of 
carbon, the odors and other gases are adsorbed and held within the 
structure of the activated carbon. When saturated, the carbon may be 
revivified without loss. The period between revivification will vary^ with 
the concentration of adsorbable gases in the air stream, and have been 
found in ordinary odor conditions in ventilation practice to vary from 
four years down to four months. 



The resistance curves shown in Fig. 5 are for 6-14 mesh activated 
carbon used in conventional equipment. Resistances given are overall for 
customary arranged equipment. The average practical velocity for such 
equipment is 40 fpm, although common velocities may range from 
30 to 50 fpm. 
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FANS 


Classification^ Performance^ Fan Efficiency^ Characteristic 
Curves, System^ Characteristics, Selection of Fans, Fan 
Designations, Control, Motive Power 

I N heating and ventilating practice, fans are used to produce air flow 
except where positive displacement is required, in which case com- 
pressors or rotary blowers are used. All fans or blowers are classified 
according to the direction of air flow through the fan with relation to the 
axis of rotation and are either of the (1) axial flow or propeller type, in 
w’hich the flow is parallel to the axis or (2) radial flow or centrifugal type, 
in which the flow is parallel to the radius of rotation. 

Axial flow fans are made with various numbers of blades, the latter 
varying widely in form. The blades may be of uniform thickness and 
made of cast or sheet metal, and either flat or cambered or of screw form; 
or they may vary in thickness, in the latter case usually being designed to 
conform to so-called airfoil sections of known characteristics, similar to 
those which have been developed for airplane propellers. Likewise, 
blade angle, or the angular relation of the blades to the plane of rotation, 
varies over a wide range. For operation against comparatively high 
pressures, it is customary to resort to enlarged hubs in proportion to fan 
diameter (large hub ratio) and correspondingly short blade length. The 
term disc fan has sometimes been loosely applied to such large hub fans, 
though it has long been generally used in connection with any propeller 
fan of comparatively short axial length whose blades are relatively flat; 
in other words, for fan wheels which occupy a space which is more or less 
disc-shaped. 

Radial flow or centrifugal fans include steel plate fans, pressure blowers, 
cone fans, and the so-called multiblade fans. All the foregoing types have 
variations which may be obtained by modification of the proportions or 
change in the curvature and angularity of the blades. The angularity of 
the blades determines the operating characteristics of a fan; a forward 
curved blade is found in a fan having slow speed operating characteristics, 
while a backward curved blade is found in a fan having high speed 
operating characteristics. 

A wide variation exists in the demands which have to be met by fan 
installations. A fan may be required to move large quantities’ of air 
against little or no resistance or it may be required to move small quanti- 
ties against high resistances. Between these two extremes innumerable 
specific requirements must be met. In general, fans of all types in each 
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general class can be made to perform the same duty, although mechanical 
difficulties, noise or lack of efficiency may limit the use to one or another 
type. Until a few years ago, the most common field of service for fans of 
the propeller type was in moving air against moderate pressures, where no 
long ducts were involved, or no heavy frictional resistance had to be 
overcome. However, recent developments in the design of axial flow fans 
based on the application of aero-dynamic principles, and furthermore, the 
use of multi-stage fans, have greatly increased the range of pressures 
against which the modern propeller fan can be applied. Single stage axial 
flow fans of moderate diameter are now available to operate against 
static pressures of 3 and 4 in. of water, while maintaining moderate noise 
levels. These pressures are readily doubled by the simple device of 
double staging. In multi-stage units, intermediate guide vanes are 
employed to properly redirect the air discharged by the first stage into 
the second stage wheel. In the most common form of t^vo-stage axial 
flow fan, the motor is provided with shaft extensions on each end, one 
carrying the first stage fan, and the other the second stage. The motor is 
supported radially from a cylindrical casing and the intermediate guide 
vanes are mounted in the annular space around the motor. 

FAN PERFORMANCE 

Fans of all types follow certain laws of performance which are useful in 
determining the effect of changes in the conditions of operation. These 
laws apply to installations comprising any type of fan, any given piping 
system and constant air density, and are as follows: 

1. The air capacity varies directly as the fan speed. 

2. The pressure (static, velocity, and total) varies as the square of the fan speed. 

3. The power demand varies as the cube of the fan speed. 

Example 1. A certain fan delivers 12,000 cfm at a static pressure of 1 in. of water 
when of^ating at a speed of 400 rpm and requires an input of 4 hp. If in the same 
bstallation 15,000 cfm are desired, what will be the speed, static pressure, and power? 

Speed = 400 X 500 rpm 

( eQA\ 2 

^ j = 1.56 in. 

Power = 4 X = 7.81 hp 

When the density of the air varies the following laws apply: 

4. At constant speed and capacity the pressure and power vary directly as the 
density. 

Example £. A certain fan delivers 12,000 cfm at 70 F and normal barometric pressure 
(density 0.075 lb per cubic foot) at a static pressure of 1 in. of water when operating at 
requires 4 hp. If the air temperature is increased to 200 F (density 0.0602 
lb) and the speed of the fan remains the same, what will be the static pressure and 
power? . 

Static pressure = 1 X = 0.80 in. 

U.U70 

Power= 4 X = 3.20 hp 
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5. At constant pressure the speed, capacity and power vary inversely as the square 
root of the density. 

Example If the speed of the fan of Example 2 is increased so as to produce a static 
pressure of 1 in. of water at the 200 F temperature, what will be the speed, capacity, 
and power? 

Speed = 400 X = 446 rpm 

^ 0.0602 

Capacity = 12,000 X - = 13,392 cfm (measured at 200 F) 

J 0.0602 

Power = 4 X = 4.46 hp 

^ 0.0602 ^ 

6. For a constant weight of air: 

(a) The speed, capacity, and pressure vary inversely as the density. 

(&) The horsepower varies inversely as the square of the density. 

Example 4‘ If the speed of the fan of the previous examples is increased so as to 
deliver the same weight of air at 200 F as at 70 F, what will be the speed, capacity, 
static pressure, and power? 

Speed = 400 X = 498 rpm 

Capacity = 12,000 X = 14,945 cfm (measured at 200 F) 

Static pressure = 1 X = 1.25 in. 

U.UDU.6 

Power = 4 X (^ 0 ®)' = 6.20 hp 

FAN EFFICIENCY 

The efficiency of a fan may be defined as the ratio of the horsepower 
output to the horsepower input 

The horsepower output is expressed by the formula : 

, cfm X total pressure in inches of water 
Air Horsepower^ = (1) 

When the static pressure is used in the computation in place of total 
pressure it is assumed that this represents the useful pressure and that 
the velocity pressure is lost in the piping system and in the air which 
leaves the system. Since in most installations a higher velocity exists at 
the fan outlet than at the point of delivery into the atmosphere, some of 
the velocity pressure at the fan outlet may be utilized by conversion to 
static pressure within the system, but, owing to the uncertainty of friction 
losses which occur at the places where changes in velocity take place, the 
amount of velocity pressure which is actually utilized is seldom known, 
and the static pressure alone may best represent the useful pressure. 
In the standards for published capacity tables as adopted by the National 
Association of Fan Manufacturers, the term static pressure refers to the 

iSee Standard Test Code for Centrifugal and Axial Fans, Third Edition of 1938. 
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true resistance to air flow. Such tables charge both the inlet and outlet 
velocity of the fan, to the fan performance, and may be used directly 
where the static pressure of the system as calculated represents only the 
actual resistance to flow of the air. 

The efficiency based upon static pressure is known as the static efficiency 
and may be expressed as follows: 


. - cfm X static pressure in inches of water 

static efficiency* = 6355 x Horsepow^n^ 


( 2 ) 


Different fans may develop the same capacity against the same static 
pressure and with the same power input, and therefore operate at the 
same static efficiency, while maintaining different outlet velocities. Where 
a high outlet velocity is desirable or can be utilized effectively, the static 



Fig. 1, Typic-il Fan Performance Curve 


efficiency fails to be a satisfactory measurement of the performance. In 
many applications of propeller fans, air is circulated without encountering 
resistance and no static pressure is developed. The static efficiency is 
zero and its calculation is meaningless. Because of such situations where 
the static efficiency fails to indicate the true performance, many engineers 
prefer to base the calculation of efficiency upon the total pressure. This 
efficiency is variously known as the total, or mechanical efficiency, and 
may be expressed as follows : 


Mechanical or Total efficiency^ 


cfm X total pressure in inches of water 
6356 X Horsepower input 


(3) 


CHARACTERISTIC CURVES 

In the operation of a fan at a fixed speed the static and total efficiencies 
vary with any change in the resistance which is imposed. With different* 
designs the peak of efficiency occurs when the fans deliver different per- 
centages of their wide-open capacity. Variations in efficiency accompany 
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variations in pressures and power consumption which are characteristic of 
the individual designs and which are influenced particularly by the shape 
and angularity of the blades. Such variations in pressure, power, and 
efficiency are shown by characteristic curves. 

Characteristic curves of fans are determined by tests performed in 
accordance with the Standard Test Code for Centrifugal and Axial Fans^ 
prepared jointly by the American Society of Heating and Venti- 
lating Engineers and the National Association of Fan Manufacturers, 
The results of tests are plotted in different ways: the abscissae may be the 
ratio of delivery, assuming full open discharge as 100 per cent, and the 
ordinates may be static pressure, total pressure, horsepower and efficiency. 
A typical fan performance curve is shown in Fig. 1. 



Fig. 2. Operating Characteristics of an Axial Flow Fan 
With Blades of Uniform Thickness 


In the selection of all but very small fans, power consumption is usually 
a major consideration. It must be borne in mind that the horsepower at 
peak efficiency alone may be misleading, as actual operation is apt to 
occur at some point on the pressure-volume curve varying considerably 
from that specified, due to inaccuracies of the estimated system resistance 
or to fluctuating resistance caused by damper or louver adjustments. To 
cope with such variations a fan should be selected having a high efficiency 
over a wide range, that is, a. fiat or broad efficiency curve is more desirable 
than a sharp or narrow curve which, though reaching a high peak, falls off 
rapidly to either side of a narrow range. When the point of operation 
varies only within narrow limits and both volume and pressure require- 
ments are accurately known in advance, the designer can select a fan 
operating at maximum efficiency, irrespective of performance over the 
entire range. 

Generally fans are selected either at the peak of the static efficiency or 
to the right of the peak depending on the requirements of the particular 

»A.S.H.V.E. Transactions, Vol. 29, 1923, p. 407. Amended in A.S.H.V.E. Transactions, Vol. 37 
1931. p. 363. Third Edition of 1938. 
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selection. Fans selected to the right of the peak will be smaller but will 
require more power, run at higher speeds and have a higher sound rating. 
Where first cost is important and added horsepower and noise are not 
important, smaller fans may be used. Where efficient and quiet opera- 
tion are most important, fans are selected at or near the peak of the static 
efficiency curve. Fans are not ordinarily selected to the left of the peak 
of the static efficiency curve as this results in larger, more costly fans, 
requiring more power and in some cases producing objectionable noise. 

The curves shown in Figs. 2, 3, 4 and 5 show operating characteristics 
for various types including the backwardly inclined blade design for 
comparison purposes. These curves are not applicable for rigid com- 
parison or actual selection and are shown to indicate the variations in 
operating characteristics. 



Axial flow fans having blades of uniform thickness at any given radius 
are characterized by rapid rise in power consumed as the resistance in- 
creases, as illustrated in Fig. 2. When operating against high resistance, 
this type of blade permits some of the air to pass back between the blades 
near the hub, where blade speed is much lower than near the tip or peri- 
phery. Obviously, a fan of such characteristics should only be used 
against low resistance. 

The curves in Fig. 3 show the characteristics of typical axial flow fans 
with airfoil design. This type of fan shows characteristics of non-over- 
loading horsepower and high efficiency at relatively high static pressure, 
as contrasted with a fan blade of uniform thickness. These results are 
obtained by more uniform pressure throughout the blade annulus, so 
that back flow does not occur until high pressures are reached. This 
reduction in turbulence also has a tendency to reduce noise. Fans of this 
type are now available, operating against static pressures up to 3 and 4 in. 
water, single stage and 6 to 8 in. water, double stage. The capacity and 
efficiency of axial fans can be improved, particularly when operating 
against considerable pressure, by the use of either inlet or outlet guide 
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vanes or both. Generally, the effect of such vanes is to increase the 
level of the pressure-volume curve, and properly designed vanes on the 
discharge side of the fan have the advantage of eliminating the rotational 
component of the air stream, thus quickly restoring uniform axial flow. 
As high pressures usually require large hubs in proportion to the fan 
diameter, performance is improved by the use of round-nosed or conical 
forms mounted coaxially with the direct-connected fan (sometimes 
partly or wholly enclosing the motor) so as to make the changes in velo- 
city to and from the fan blade annulus as space conditions permit. When 
axial flow fans are installed in ducts, provisions may also be made to 
install the driving motor outside the duct, by employing slots in the duct 
to permit a belt drive from the motor to the fan sheave. 



^ Per Cent of Wide Open Volume 

Fig. 4. Operating Characteristics of a Fan with Blades Curved Forward 

The straight blade {paddle-wheel) or partially backward curved blade 
type of fan is seldom used for ventilation. Its use is largely confined to 
such applications as conveyors for material, or for gases containing 
foreign material, fumes and vapors. The open construction and the few 
large flat blades of these wheels render them resistant to corrosion and 
tend to prevent material from collecting on the blades. This type of fan 
has a good efficiency, but the power steadily increases as the static pressure 
falls off, which requires that the motor be selected with a moderate reserve 
in power to take care of possible error in calculation of duct resistance. 

The forward curve multiblade fan and the backward curve types are 
used extensively in heating and ventilating work. The forward curve 
type has a low peripheral speed and a large capacity, and is quiet in 
operation. (See Fig. 4.) The point of maximum efficiency for this fan 
occurs near the point of maximum static pressure. The static pressure 
drops consistently from the point of maximum efficiency to full open 
operation. The power curve rises continually from low to peak capa- 
city and if reasonable care is exercised in calculating resistance, a 
moderate reserve in power in the motor selection will prevent overloading. 
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The backward curve types would include the full backward curve 
blade and the double curve blade having a forward curve heel and a back- 
ward curv'e tip. These types have steep pressure curves and non-over- 
loading power characteristics and relatively high speed. (See Fig. 5.) 
These fans operate at a peripheral speed approximately 175 per cent of 
the forward curve multiblade types for like results. Pressure curves 
begin to drop at very low capacity and continue to fall consistently to 
full outlet opening. The steep pressure curves tend to produce nearly 
constant capacity under changing pressures. Where wide fluctuations 
in demand occur, this type of fan is desirable to prevent overloading of 
motors. The maximum power requirement occurs at about the maximum 
efficiency. Consequently a motor selected to carry the load at this point 
will be of sufficient capacity to drive the fan over its full range of capa- 



cities at a given speed. The high speed of this type makes it adaptable 
for direct connected electric motor drives. The dimensional bulk of this 
type of fan is usually greater than that of the forward curve multiblade 
type. The newer designs of these backward curve types have proven to 
be extremely quiet. 

Be^een the extremes of the forward and backward curve blade type 
centrifugal fans, a number of modified designs exists, differing in angu- 
larity and in the shape of the blades. Characteristic curves of these 
types show varying degrees of resemblance to the curves of Figs. 4 and 5. 

SYSTEM CHARACTERISTICS 

Any ventilating system consisting of duct work, heaters, air washers, 
filters, etc., has a system characteristic which is individual to that system 
and is independent of any fan which may be applied to the system. This 
characteristic may be expressed in curve form in exactly the same manner 
that fan characteristics may be shown. Typical system characteristic 
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curves are shown SiS A, B and C in Fig. 6. These curves are drawn to 
follow the simple parabolic law in which the static pressure or resistance 
to flow of air varies as the square of the volume flowing through the 
system. Heating and ventilating systems follow this law very closely and 
no serious error is introduced by its use. 

When a constant speed fan curve for a given size fan is super-imposed 
upon a system characteristic curve, the relation between the two is at 
once apparent. The only point common to the two curves is the point at 
the intersection of the system characteristic curve and the fan character- 
istic curve, and it is at this point that the combination will operate. In 
Fig. 6, curves B and C cross the fan characteristic curve at points X, 
Y and Z, This means that when the fan whose curve is shown is applied 



Fig. 6. Parabolic System Characteristic Curves 


to system Ay 10,000 cfm will flow through the system. If it is applied to 
system B, 13,000 cfm will flow, and applied to system C, 16,400 cfm 
will flow through that system. 

The curves in Fig. 6 also illustrate the effect of errors which may be 
determined by calculating the resistance of a ventilating system. For 
instance, a given system requires 13,000 cfm and the resistance to flow 
of the system has been computed as 1.25 in. static pressure. Such a 
system may be represented by curve B in Fig. 6. Assume that 100 per 
cent error has been made and the resistance calculated should have been 
2.5 in. instead of 1.25 in. Then the system would be as shown in curve A. 
This new system curve crosses the fan curve at 10,000 cfm.^ Such an 
error would result in the flow of air being decreased from a design volume 
of 13,000 cfm to 10,000 cfm. In case the resistance to flow had been over 
estimated and instead of 1.25 in. being required, actually the resistance 
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should have been 0.625 in., this would correspond with a system curve 
as shown at C and on this curve the fan would deliver 16,400 cfm to 
the system instead of the design volume of 13,000 cfm. 

In this example extreme errors have been selected to emphasize the 
effect the square function of the system characteristic has in maintaining 
the fan performance within comparatively narrow limits. In the first 
example a system estimated at half what it should have been, resulted in 
a drop of 23 per cent in volume; and in the second example, a system 
estimated at twice what it should have been resulted in an increase of 
26 per cent in volume. 

In some instances fans may be applied to variable flow systems. In 
such cases the limiting systems may be plotted and the effect on fan 
performance examined. For instance, a system might vary between 
system A, shown in Fig. 6 as one limit; and system B as the other limit. 
The fan performance will then fall between points X and Y on the fan 
cur\’’e at a point determined by the system characteristics at that par- 
ticular time. If curves A and B are the limiting systems, the fan per- 
formance will never be outside the points X or F. 

SELECTION OF FANS 

The following information is required to select the proper type of fan : 

1. Cubic feet of air per minute to be moved. 

2. Static pressure required to move the air through the system. 

3. Type of motive power available. 

4. Whether fans are to operate singly or in parallel on any one duct. 

5. What degree of noise is permissible. 

6. Nature of the load, such as variable air quantities or pressures. 

In order to facilitate the choice of apparatus, the various fan manu- 
facturers supply fan tables or curves which usually show the following 
factors for each size of fan operating against a wide range of static 
pressures: (1) volume of air in cubic feet per minute (68 F, 50 per cent 
relative humidity, 0.075 lb per cubic foot, (2) outlet velocity, (3) revo- 
lutions per minute, (4) brake horsepower, (5) tip or peripheral speed, and 
(6) static pressure. The most efficient operating point of the fan is 
usually showm by either bold-face or italicized figures in the capacity 
tables. 

Other important factors to be considered in selecting fans are: (1) 
efficiency, (2) space occupied, (3) sound emission, (4) first cost, and 
(5) speed (both peripheral and revolutions per minute). These factors 
are not necessarily shown in the order of importance. In some instal- 
lations space occupied may be of first importance. In others lowest 
power consumption is desirable. In many cases quietness of operation 
of the entire system is essential. Practically all fans operate at their 
lowest sound level when selected at or near the peak of the static efficiency 
so that in selecting a fan for highest static efficiency the quietest operating 
range of the fan will also be obtained. Tables 1 and 2 show desirable 
outlet velocities and tip speeds, or peripheral velocities, for various static 
pressures. Fans selected accordingly will operate at or near the peak of 
the static efficiency with resulting low power consumption and noise 
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Table 1. Good Operating Velocities and Tip Speeds for Forward Curved 
Mlxtiblade Ventilating Fans 


Static Pessssum 

Inches of Water 

1 

Outlet Velocity 

Feet per Minute 

Tip Speed 

Feet per Minute 


1000-1100 I 

1520-1700 


1000-1100 

1760-1900 


1000-1200 

1970-2150 

Vs 

1200-1400 

2225-2450 


1300-1500 

2480-2700 


1400-1700 

2660-2910 

1 

1500-1800 

2820-3120 


1600-1900 

3162-3450 


1800-2100 

3480-3810 

IH 

1900-2200 

3760-4205 

2 

2000-2400 

4000-4500 


2200-2600 

4250-4740 


2300-2600 

4475-4970 

3 

2500-2800 

4900-5365 


levels. Smaller fans with higher outlet velocities may be used if the 
installation requirements are such as to warrant the additional power 
and increased sound level. When space for duct expansion from a fan 
outlet is not available there may be advantages in selecting a larger fan 
for reducing duct noises, although lower outlet velocities generally results 
in lower fan efficiencies which cannot always be justified on the basis of 
increased cost and space requirements. 

Having selected a fan for its quietest operating point consistent with 
the requirements of the installation, it must be recognized that ventilating 
fans, even so selected, emit noise and precautions must be taken in the 
installation of the fans to prevent this noise from being transmitted to 
occupied portions of the building. Fans operating against high static 
pressures produce more noise than fans operating against low static 
pressures'. Consequently, from a noise standpoint, the system should be 
designed to operate against the lowest static pressure possible. In many 
modern air conditioning systems it is necessary to introduce devices into 
the air stream for conditioning the air in various ways, the result of which 

Table 2. Good Operating Velocities and Tip Speeds for Multiblade Ventilating 
Fans with Backward Tipped and Double Curved Blades 


Static Pressure 

Inches op Water 

Outlet Vblocitt 

Feet per Minute 

Tip Speed 

Feet per Minute 

H 

800-1100 

2600-3100 

H 

800-1150 

3000-3500 

H 

900-1300 

3400-4000 


1000-1500 

3800-4600 

H 

1100-1650 

4200-5000 

H 

1200-1760 

4500-5300 

1 

1200-1900 

4800-5750 

IH 

1300-2100 

5300-6350 

IH 

1400-2300 

5750-6950 

IH 

1500-2500 

6200-7550 

2 

1600-2700 

6650-8050 

2M 

1700-2800 

7050-8550 

2H 

1800-2950 

7450-9000 

3 

2000-3200 

8200-9850 
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692 


For direct drive. For direct drive. For direct drive. For direct drive. 

Wheel overhung. Includes housing, Three-bearing arrangement with fan Similar to Arr. 6, but with two bearings Similar to Arr. 5, but with two bearings 

wheel, shaft, one intermediate bearing, bearing at inlet side. Includes housing, on fan, and flexible instead of rigid on pedestal with motor, and flexible 

flanged coupling and pedestal only for wheel, shaft, one bearing (in inlet), coupling. instead of rigid coupling, 

motor or engine. rigid coupling, and pedestal only for 
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is to set up a rather high static pressure against which the fan must 
operate. In such cases the sound level at the fan may be too high to be 
neglected and special sound treatment of the installation must be con- 
sidered. When a fan is operating against higher pressures it should be 
located in a room either removed from the occupied areas, or in a room 
which has been acoustically treated to prevent sound being carried through 
the walls to adjoining spaces. The fan should be mounted on a resilient 
base along with its driving motor to absorb any noise or vibration which 
might be transmitted to the floor and thence to the building structure. 
All ducts should be connected to fans with unpainted canvas, or other 
flexible material, to prevent any vibrations being transmitted to the duct 
work. Ducts leading into the fan room or from the fan, should be 
acoustically treated on the interior and in special cases, should be pro- 
vided with sound traps or filters. Many ventilating systems encounter 
noises which are connected with the fan in no way. Noises due to high 
duct velocities, abrupt turns, grilles, etc., may be present. Treatment of 
such problems is covered in Chapter 33. 

FAN DESIGNATIONS 

Facing the driving side of the fan, blower, or blast wheel, if the proper direction of 
rotation is clockwise, the fan, blower, or blast wheel will be designated as clockwise. 
If the proper direction of rotation is counter-clockwise, the designation will be counter- 
clockwise. (The driving side of a single inlet fan is considered to be the side opposite 
the inlet regardless of the actual location of the drive.)® 

This method of designation will apply to all centrifugal fans, single or double wddth, 
and single or double inlet. Do not use the word hand but specify clockwise or counter- 
clockwise. 

The discharge of a fan will be determined by the direction of the line of air discharge 
and its relation to the fan shaft, as follow’s; 

Bottom horizontal: If the line of air discharge is horizontal and below the shaft. 

Top horizontal: If the line of air discharge is horizontal and above the shaft. 

Up blast: If the line of air discharge is vertically up. 

Down blast: If the line of air discharge is vertically down. 

All intermediate discharges will be indicated as angular discharge as follows: 

Either top or bottom angular up discharge or top or bottom angular down discharge, 
the smallest angle made by the line of air discharge with the horizontal being specified. 

In order to prevent misunderstandings, which cause delays and losses, 
the arrangements of fan drives adopted by the National Association of 
Fan Manufacturers and indicated in Fig. 7 are suggested. 

If double width, double inlet fans are selected, care must be taken that 
both inlets have the same free area. If one inlet of a fan is obstructed 
more than the other, the fan will not operate properly, as one half of the 
wheel will deliver more air than the other half. The backward curved and 
double curved types with backward tip operate satisfactorily in double or 
in parallel operation. 

FAN CONTROL 

In some heating and ventilating systems it is desirable to vary the 
volume of air handled by the fan, which may be accomplished by a number 
of methods. Where the change is made infrequently, the pulley or sheave 


^Recommendations adopted by the National Associatton of Fan Manufacturers. 
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on the drivinj? motor, or fan, may be changed to vary the speed of the fan 
thus altering the air volume. Dampers may be placed in the duct system 
to \’ary the volume. \"ariable speed pulleys or transmissions, such as fan 
belt change boxes or hydraulic couplings, may be used to vary the fan 
speed. \"ariable speed motors and variable fan inlet vanes may also be 
used to adjust the fan volume. All of these methods will give control. 
From a power consumption standpoint, a reduction of the fan speed is 
most elhcient. Inlet vanes save some power and dampers save the least. 
From the standpoint of first cost, dampers usually are the lowest in cost. 
In some installations adjustments of volume are desirable at various 
times during the day or continuously. In others an increased supply of 
air in summer over that needed in winter is demanded. The demands of 
each case will dictate which type of control is most desirable. Where 
noise is a factor, lowering the fan speed if possible is preferred as a control 
means, because of the resulting reduction in sound level. 

MOTIVE POWER 

Heating and ventilating fans are usually driven by electric motors, 
although they may be driven by gasoline or oil engines, steam engines or 
turbines. Fans may be direct-connected to the operating unit, but it is 
the usual practice to use belt driven fans for large units. 

In selecting the size motor to be used, it is general practice to provide a 
rather liberal allowance over the actual fan power required when fan has a 
rising horsepower characteristic. Actual static pressures may vary from 
those estimated and if less than estimated, the fan may deliver more air 
than^ required and take more power. Justification for liberal power 
provision exists also in the possibility of varying demand, due to change 
in ventilation requirement, intensity of occupation and weather con- 
ditions. The degree of allowance may vary with fan types due to their 
inherent characteristics. The backward curved blade type fan requires 
maximum power at or near the peak of the efficiency, hence this fan 
would require less allowance in driving power than other types not 
ha\ang this characteristic. Reference to Fig. 5 indicates that there is no 
justification for allowing large spare motor capacity, and it is generally 
more economical to operate motors well loaded. 
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Chapter 31 


AIR DISTRIBUTION 


Definitions, Grille Locations, Standards for Satisfactory Con^ 
ditions. Factors Affecting Distribution for Cooling and Heat~ 
ing. Air Outlet Noises, Selection of Supply Outlets, Balancing 

System 

C orrect air distribution contributes as much or more to the success 
of a forced air heating, ventilating, cooling or air conditioning system 
as does any other single factor. Supplying the proper amount of air is 
one problem; properly distributing it from the point where it leaves the 
fan is another. The distribution problem may be further divided into: 
(a) distribution to the various spaces served by the system, (b) distribution 
in these spaces. This discussion is primarily limited to division (&), 
reference being made to the duct system only insofar as it affects the 
performance of the air distribution outlets. 

Definitions 

1. Supply Opening or Outlet: Any opening through which air is delivered into a 
space which is being heated, or cooled, or humidified, or dehumidified, or ventilated. 

2. Exhaust Opening: Any opening through which air is removed from a space which 
is being heated, or cooled, or humidified, or dehumidified, or ventilated. 

3. Outside Air Opening: Any opening used as an entry for air from outdoors. 

4. Grille: A covering for any opening and through which air passes. 

5. Damper: A device used to vary the volume of air passing through a confined 
cross-section by varying the cross-sectional area. 

6. Multiple Louver Damper: A damper having a number of adjustable blades. 

7. Single Louver Damper: A damper having one adjustable blade. 

8. Face: A grille with provision for attaching a damper. 

9. Register: A face with a damper attached. 

10. Flange: The portion (either integral or separate)^ of a grille, face, or register 
extending into the duct opening for the purpose of mounting. 

11. Frame: The portion (either integral or separate) of a grille, face, or register 
extending around the duct opening for the purpose of mounting. 

12. Margin: The margin of a grille, face, or register is one-half of the difference 
between the duct dimension and overall dimension measured either horizontally or 
vertically. 

13. Fret: The member separating the openings of a grille, face, or register. 

14. Free Area: The total minimum area of the openings in the grille, face, or register 
through which air can pass. 

15. Core Area: The total plane area of the portion of a grille, face, or register bounded 
by a line tangent to the outer edges of the outer openings through which air can pass. 

16. Mean Area: The total of the core and free areas divided by two. 

17. Duct Area: The area of a cross-section of the duct based on the inside dimensions 
at the point where the grille, face or register is mounted. 

18. Percentage Free Area: The ratio of the free area to the core area expressed in 
percentage. 
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19. Aspect Ratio: The ratio of length of the core of a grille, face or register to 
the width. 

20. Throw: The distance air will carry measured along the axis of an air stream from 
the supply opening to the position in the stream at which air motion reduces to 50fpm. 

21. Envelope: The outer boundary of an air stream. 

GRILLE LOCATIONS 

The location of supply and exhaust openings is extremely important if a 
satisfactory installation is to be secured. Very frequently, however, the 
room or building is planned and constructed with practically no con- 
sideration of this problem. The engineer of today is more likely than not 
to have as his problem a building that was constructed long before any 
consideration whatever was given to air conditioning it. Consequently, 
the room shapes, the location of columns and beams, and other details of 
architecture frequently make it difficult to properly locate the supply 
openings. In general, for a cooling installation, the grilles should be 
located high enough from the floor to prevent the discharge of air directly 
upon the occupants of the room, and far enough down from the ceiling to 
minimize the possibility of streaking, and to permit induction of air from 
all sides of the stream. If the stream actually strikes the ceiling, but at a 



Fig. 1. Plan View Long Throw Fig. 2. Plan View Short Throw 

Supply Opening Supply Openings 


small angle, the throw will be increased somewhat if the ceiling is smooth. 
If the angle at which the stream hits the ceiling is 20 deg or more, or 
if the flow along the ceiling is obstructed by panel mouldings or beams, 
air velocity may be rapidly lost and a decreased throw result. The air 
stream also should be so directed that it will not strike nearby columns 
or beams in such a way as to cause misdirection of the air stream or drafts. 
Where the room is of irregular shape, as an ell, or where it has an alcove 
in one side, consideration should be given to obtaining satisfactory 
circulation in these corners. Frequently this cannot be done except by 
the use of multiple supply openings. In using multiple supply openings, 
care must be taken that the several air streams do not interfere with 
each other, until their velocities have been reduced to values which will 
not cause high turbulence and a drafty condition. Beams and offsets 
in the ceiling will cause little difficulty when substantially parallel to the 
direction of flow, unless they are of considerable depth, but, when po- 
sitioned across the air stream, may cause drafts and failure to secure 
satisfactory circulation in that portion of the room farthest from the 
supply opening. In the case of a heating installation, down-drafts pro- 
duced by such obstructions may not be serious, because the air will 
rapidly lose its downward motion, but the possibility of failure to obtain 
satisfactory circulation still exists. 

Alternative methods of distributing air to a room of oblong shape are 
illustrated in Figs. 1 and 2. The former usually is less expensive, but 
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requires a higher velocity to attain the greater throw. If the ceiling 
height is limited and the room is long, the air stream may enter the 
occupied zone before the completion of throw, due to natural spread and 
drop of the stream. In addition, the higher velocity and limited section 
area of the room perpendicular to the stream may, by induction, result 
in a general room air movement exceeding the limit permissible for com- 
fort. Although more expensive. Fig. 2, is favored for rooms of low ceiling 
height since room induction is reduced, and spilling into the occupied 
zone is less likely to occur. With this latter arrangement, however, 
precautions should be taken to limit the throw in order to avoid drafts 
down the wall opposite the grilles. 

In solving the problem of properly conditioning a room of irregular 
shape, where multiple wall supply grilles are objectionable, a ceiling sup- 
ply opening of the type illustrated in Figs. 3 and 4 may very often be 
the best solution. 

^ In choosing the most desirable location for the return air grille, con- 
sideration should be given to its effect on circulation of the air through 
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puffs of air which may strike a person momentarily, is a function of the 
room temperature as well as the velocity of the air. For instance, in a 
room controlled at 72 F, a puff of air at 70 F might be uncomfortable to 
an individual, even at relatively low velocities, whereas if the average 
room temperature were 80 F, air at 78 F, even at moderate velocities, 
might be very satisfactory. However, air at 78 F in an average room 
temperature of 83 F would be cold. In general, other conditions being 
equal, for the range of temperatures normally encountered in living 
quarters on cooling installations, the permissible deviation from average 
room temperature varies from approximately 1 F at the low end of the 
range to about 3 F at the high end of the range. In this matter, it is 
important to consider the particular problem in the light of the type of 



Fig. 5. Preferred Loca.tion of Return Opening 



Fig. 6. Possible Short-Circuiting with Return Opening Opposite Supply 

occupancy. For instance, greater deviations from room temperature and 
higher velocities may be permitted in a garage or a hotel hallway than 
would be permissible in an office or living room. The velocity which may 
be considered the permissible maximum differs with the temperature 
deviation for a given installation, but an absolute maximum under any 
conditions might be considered that which would produce a mechanical 
disturbance, such as the movement of a personas hair or disturbance of 
papers on a desk. Humidity is an important consideration in the deter- 
mination of one's feeling of comfort; however, if the room generally is 
assumed to be at a satisfactory value of relative humidity, the designer is 
justified in neglecting this factor when considering permissible fluctuations 
in temperature and velocity in the occupancy zone. This is true because 
the maximum allowable temperature fluctuation results in an unnoticeable 
humidity change. 

The standards that might be set up for maximum allowable 
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temperature deviation and air velocity would not be the same for both 
heating and cooling installations. In the former case, any appreciable 
temperature deviation is likely to be above rather than below the average 
room temperature, whereas the reverse is most likely to be true on a 
cooling installation. Further, because air movement has a cooling effect 
in itself, the feeling of warmth due to temperatures above room tem- 
perature is counteracted to a certain extent so that an individual may be 
subjected to higher velocities of warm air without the feeling of dis- 
comfort occasioned by the same velocities of cool air. In every case, it 
should be the purpose of the designing engineer to keep the conditions 
within the zone of occupancy as nearly uniform as possible, securing 
minimum temperature deviations and low velocities. 

It is impractical to measure momentary temperature differences with 
any degree of accuracy in the field, but in checking a given installation it 
will generally be found satisfactory to measure velocity only, since on 
cooling installations high velocities normally occur with low temperatures, 
and on heating installations high velocities occur with high temperatures. 



Fig. 7. Plan View Correctly Located Return Opening Eliminating 
Stagnant Space 

That is, in the former case, the chilled supply air loses its velocity and 
undergoes an increase in temperature as it settles into the occupancy 
zone, whereas in the latter case the heated supply air loses its velocity and 
undergoes a decrease in temperature during this process. Therefore, if the 
average velocities within the occupancy zone are not excessive, one is 
fairly safe in assuming that the temperature difference is also within 
permissible limits. 

The subject of sound control is covered in Chapter 33 and it is recom- 
mended for detailed review before consideration of the problem of air 
supply opening noise. An understanding of the relation between sound 
intensity and loudness level in decibels, as well as the effect of the presence 
of sound absorbent materials in the room, is particularly necessary. A 
more detailed discussion of the nature of this problem appears later; 
whereas the following comments refer to what constitutes a satisfactory 
noise condition. 

Obviously, the nature of the conditioned space is important when con- 
sidering the allowable supply opening noise. In factories, press rooms, 
and similar spaces where the noise level is 65 db or higher, no complaints 
of grille noise are likely to be made. On the other hand, some homes, 
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offices, hospitals, and, most of all, radio broadcasting and movie sound 
studios, present a real problem which must be intelligently attacked if a 
satisfactory installation is to be made. In this chapter the noise of the 
air supply openings (and returns) only is considered, it being assumed 
that the noise or sound level of the room without the supply opening noise 
includes that which may be contributed by fans, motors, duct work, and 
other items of conditioning equipment. The control of noise from these 
sources is another problem (see Chapter 33). Where sound control is 
important, the actual room sound level without conditioning equipment 
should be known. If feasible, the contribution of the conditioning 
equipment, less supply openings, should be estimated to secure the 
working sound level. If this correction is not made, the use of the first 
value errs in the direction of safety. 

It is evident that the point within the room which should concern the 
designer in this problem is that at which the supply opening noise is 
greatest. A tentative standard listening point relative to the supply 
opening is suggested later in this discussion, and it is assumed that the 
supply opening noise data are taken with reference to this point. If it is 
desired that the supply opening noise result in an inaudible addition to 
the existing noise level, it is safe to assume the total supply opening noise 
to be 5 db below room level. This results in an increase in total noise of 
slightly over 1 db, which is unnoticeable. If an increase of 3 db is per- 
missible, the supply opening noise level may be equal to the room noise 
level alone. All supply openings in the room must be considered, as will 
appear later; the returns may be ignored only if they are so sized that 
the velocity of air through them is much less than through the supply 
opening. 


DISTRIBUTION FACTORS IN ROOM COOLING 

In attempting to design a satisfactory air distributing system, it is first 
necessary to properly locate the grilles in accordance with the recom- 
mendations already stated. Assuming that the best locations have been 
selected, it then becomes necessary to choose the proper grille for that 
location. The considerations involved are the amount of air to be 
handled, the velocity permissible from the standpoint of noise, and the 
distance the air should carry. The distance it will carry, assuming no* 
obstructions, is affected by face velocity, core area, aspect ratio and 
included angle of effluent stream as determined by vanes. For low aspect 
ratios, the major variables of velocity, area and effluent angle are related^ 
approximately as given in Equation 1 when the air stream is unaffected 
by obstructions of any kind. 


kQ 



where 


X 2 . = throw, feet. 

Q = air volume flow rate, cubic feet per minute. 
Go and ho — grille width and height, inches. 


( 1 ) 


Vo/^5^ Performance, by C. 0. Mackey {Refrigerating Engineering^ 
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k = dimensionless constant with the following approximate empirical valueai 

\"anes set straight ahead " — 0.77 

Vanes causing a spread on each horizontal side of 1 o deg = 0.66 

30 deg = 0.45 
45 deg = 0.34 

The temperature difference between incoming air and room does not 
appreciably effect distance of throw, but does modify the point in the 
room at which the stream enters the occupied zone, due to rise or drop 
of the entire stream-. 

In consideration of what constitutes the possible throw of a supply 
opening under a given set of conditions, it is important to remember that 
the throw may be unsatisfactory for any one of several reasons: 

1. It may be so long that it will strike the far side of the room and come down the wall 
with velocities higher than are permissible, 

2. It may be so short that it will fail to carry the full length of the room, and short- 
circuit to the return air supply opening, or 

3. It may spill into the center of the room. 

In the first case, the system fails for lack of uniform distribution and the 
presence of cold areas. In the second case, the standards as to velocity 
and temperature difference in the zone of occupancy may be satisfactorily 
met, but air distribution and circulation throughout the entire room is not 
accomplished, with the result that the end of the room away from the 
outlet would not be satisfactorily conditioned. In the third case, the 
shortcomings of both case one and case two are present. It is evident, 
therefore, that for a given supply opening discharging air at a given 
velocity, there is a maximum and a minimum length of room which can 
be satisfactorily handled. In the latter, the velocity of the air down the 
far wall is just within the maximum permissible, while in the former, 
satisfactory circulation is barely accomplished. 

In general, the higher the supply opening is above the floor, the greater 
may be the difference between room air and incoming air temperatures- 

Assuming that proper supply openings for a given installation have been 
selected, unsatisfactory performance may still result due to the con- 
struction of the duct work immediately back of the supply openings. 
Performance data on the grilles and registers of various manufacturers are 
based upon results obtained with the air approaching the grille perpen- 
dicularly and at uniform velocity over the entire duct cross-section. 
Where this condition does not exist in practice, performance predictions 
based on published data cannot be expected to be realized. Every 
precaution should be taken to secure as nearly ideal conditions in the 
approaching air stream as are possible. 

In addition to disturbances due to the construction of the duct work 
itself are those which may be created by dampers immediately behind the 
grille. Where either multiple louver or single blade dampers are used, 
considerable deflection of the air stream may result, if it is throttled 
appreciably by these means. This is particularly true when the fins of the 
register core are perpendicular to the damper blades. If the core has suf- 
ficient depth and the fins are parallel to the blades, there is a marked ten- 
dency to straighten the air stream, although some deflection may still result, 

2A.S.H.V.E. Research Report No. 1076— Air Distribution from Side Wall Outlets, by D. W. Nelson 
and D. J. Stewart (A.S.H.V.E. Transactions, Vol. 44, 1938, p. 77). 
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Any attempt to secure a low face velocity and high duct velocity by 
the construction of any expanding chamber immediately behind the grille 
is likely to be unsuccessful. In order to expand from a small duct to 
a larger one, and have the air stream fill the duct at the end of the diverg- 
ing section without turbulence, angle A in Fig. 8 should be about 7 deg. 
From this it is apparent that an attempt to secure equivalent results with 
a short connection would be futile. What actually happens when this is 
attempted is illustrated by the arrows in Fig. 8. When localized high 
velocities through the supply opening exist from this cause or any other, 
the noise produced will naturally exceed that which the supply opening 
area and average face velocity would lead one to expect. This fact should 
be remembered in considering the use of register dampers, particularly 
in those cases where there must be considerable throttling with the damper 
to balance a poorly designed system. Where reduction of noise is im- 
portant, it is recommended that balancing dampers be placed in the duct 
ahead of the acoustic duct lining. 

Similar unequal face velocities, aggravated by a deflection of the air 
stream, are obtained with the arrangement shown in Fig. 9. The latter 



Fig. 8. Effects of 
Expanding Duct 


Fig. 9. Unequal Face 
Velocities 


Fig. 10. Effect of 
Turning Member 




may be corrected by inserting a turning member in the elbow back of the 
outlet face as shown in Fig. 10. The importance of straightening the air 
stream and effecting uniform distribution over the entire face of the 
supply opening cannot be over-emphasized. 


DISTRIBUTION FACTORS IN ROOM HEATING 

The problem in the case of a heating installation is substantially the 
same as in cooling, with a few exceptions. Because the temperature of 
the incoming air is above that of the room, there is no tendency for it to 
drop and consequently the throw is not particularly affected by tem- 
perature difference in a low ceiling room. In general, the air should be 
deflected downward where the grille is above the occupancy zone, and this 
is particularly desirable where the ceiling is high. For the same reason, 
that is, to keep the heat in the occupancy zone and to avoid excessive 
temperature at the ceiling, it is desirable to have the grille comparatively 
low on the wall, and just slightly above the occupancy zone. If the grille 
is lower than ^is, it may create an unsatisfactory condition of very warm 
air at quite high velocities where it can possibly strike the occupants of 
the room. Where the velocities are very low, the grilles may even be 
satisfactorily located below the 6-ft level, although the immediate vicinity 
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of the supply openings will probably be useless for occupancy because 
of high tenaperature. Essentially, the problem is to keep the incoming air 
up for cooling, and down for heating, until it is thoroughly mixed with the 
room air. Grilles and registers which are adjustable for deflection upward 
and downward, either by moving the fins or inverting the grille, are in 
general use. 

AIR SUPPLY OPENING NOISES 

When air is introduced into a room through a grille or register at a 
constant velocity, sound energy is being introduced into the enclosure at 
a constant rate®. ^ Due to partial reflection at the boundaries of the en- 
closure, the intensity of sound at any point in the space builds up to some 
maximum value. In a large room at a point remote from the source of 
sound (the supply opening) the intensity can be shown to be substantially 
proportional to the rate at which sound energy is generated and inversely 
proportional to the number of sound absorption units (sabins) in the 
room. It would thus appear that doubling the sound absorption of the 
room would halve the intensity and result in a noise level decrease of 3 db. 
However, it is not satisfactory to consider the grille noise on this basis 
(wherein the sound power received directly from the source is small 
compared with that received by reflection) since in practice the occupants 
of the room may be quite close to the grille. The nearer the listener is to 
the sound source, the greater the proportion of the sound intensity which 
is due to direct transmission. 

In the absence of generally accepted standards at this time it is sug- 
gested that the loudness level 5 ft from the lower edge of the supply 
opening, measured downward at 46 deg in a plane perpendicular to the 
supply opening at its center, represents about the maximum within the 
zone of occupancy. The cases where persons are nearer to the supply 
opening than this are rare and are ignored in the consideration of this 
problem. Although the effect of sound absorbent material on the in- 
tensity at the 5-ft station is not nearly so great as at more remote points 
in the room, it should not be ignored without consideration of the error 
involved. An average living room may contain 100 sabins (absorption 
units). If this be decreased to 50 sabins, the diffuse or reflected sound 
level would be increased 3 db. However, at the 5-ft station the increase 
would be less than 2 db. If the absorption of the room be increased to 
200 sabins, one might expect a reduction in diffuse noise of 3 db ; but at the 
5-ft station the reduction would be less than 13^ db. Furthermore, even 
though the absorption be increased without limit (as in free space) the 
reduction would still be less than 2 db because of proximity to the source. 

In comparing sound ratings of various grilles, the following must be 
known if the information is to be intelligently applied : 

1. The threshold intensity on which the decibel ratings are based. 

2. The distance from the grille at which data were taken. 

3. If stated as loudness level versus velocity for a given grille, the core area (not 
nominal area) must be known. 

4. The sound absorbing characteristics of the test room. 

5. Whether or not corrected for test room loudness level; if not, the room level 
(without grille noise) must be known. 

6. Methods used for recording data. (Characteristics of sound meter). 

»The Noise Characteristics of Air Supply Outlets, by D, J, Stewart and G. F. Drake (A.S.H.V.E. 
Transactions, Vol. 43, 1937, p. 81). 
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Data mentioned in this chapter are based on these assumptions : 

1. Threshold Intensity = 10-^'* watts per square centimeter^. 

2. ^Microphone location o ft from lower edge of supply opening on a line downward at 
45 deg and in a plane bisecting the supply opening perpendicularly. 

3. Where data are given as loudness level versus velocity, the rating is per square foot 
of core area. 

4. The room is assumed to have 100 sabins absorption. 

5. Plotted data are loudness levels of supply openings only^ correction having been 
made for test room level. 

6. Data taken with a direct reading sound-level meter with frequency weighing 
network intended to approximate the response of the human ear. 

If the published ratings are in terms of decibels per square foot, cor- 
rection must be made for area to secure the total sound level of supply- 



openings of more or less than one square foot area from Equation 2. 

Decibel Addition = 10 logio^ (2) 

where 

A = core area, square feet. 

In practice the allowable total sound and the required air flow are 
usually known, and it is desired to determine the maximum allowable 
velocity. Since total loudness and air flow are both functions of velocity 
and area, the solution of the problem by use of the previous analysis 
implies a trial and error method. It has been found possible to present 
these data with sufficient practical accuracy as a family of uniform curves 
as illustrated in Fig. 11. With this chart it is possible to find directly the 
velocity in feet per minute which will give a predetermined total loudness 
at a predetermined rate of flow expressed in cubic feet per minute. The 


4 American Tentative Standards for Noise Measurement, American Standards Association. 
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values used are arbitrarily chosen for the purpose of discussion and do not 
necessarily represent data referring to any particular design of air supply 
opening. It is assumed that Fig. 11 is based on a room having 100 sabins 
of sound absorption. In such a room the sound level due to other sources 
may be 40 db. As previously stated a supply opening having a noise level 
of 35 db would be substantially inaudible in such a room. 

If 2400 cfm are required with a total noise due to supply opening of 
35 db, a velocity (Fig. 11) of about 725 fpm may be used. From this 
velocity and the rate of flow, the core area can be computed. This 
determination was on the basis of a room absorption of 100 sabins. If 



the absorption is greater, the 725 fpm velocity is safe, since the loudness 
level will go down. However, correction can be made if desired by the 
use of the chart of Fig. 12. Thus, if the absorption is 200 sabins, a cor- 
rection of +1*3 db may be made and the permissible velocity becomes 
that corresponding to a total loudness level of 36.3 db or approximately 
800 fpm. If the room is highly reflecting and has an absorption of less 
than 100, correction is much more important. For instance, for 35 sabins 
a correction of — 3 db must be made and the maximum velocity corre- 
sponding to 32 db total loudness chosen is approximately 600 fpm. 

Where more than one supply opening must be considered, the problem 
is more complicated. If a similar supply opening is added in a far corner 
of a highly absorbent room, the change in noise level at the 5-ft station at 
the first supply opening is small; however, if the room is small, or highly 
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reverberant or both, the intensity at the 5-ft station may be almost 
doubled and the noise level increased nearly 3 db thereby. The simplest 
method of handling this problem, and one which errs in the direction of 
safety, is to treat the room as though all the air were being supplied by 
one supply opening- Thus, if two outlets, each supplying 1000 cfm are 
used, the value 2000 cfm should be used with Fig. 11. Although this 
method may place an unwarranted limit on velocity when used in a large 
room, it is seldom that such a room has a noise level low enough to justify 
a more complicated though more exact procedure. 

In general, return grilles are selected for velocities about half the supply 
velocity, and when this is done, they may be neglected in sound computa- 
tions. However, if supply and return grilles are the same size, resulting in 
the same face velocity, they must be treated as two supply openings. 
That is, if 1000 cfm are supplied and exhausted through grilles of the same 
area, 2000 cfm must be used in the solution with Fig. 11. 

SELECTION OF SUPPLY OPENINGS 

After the heating and cooling load calculations have been made 
(Chapters 6 and 7), and a suitable supply air temperature selected, the 
volume of air required for each space can be determined. The next step is 
to determine the velocity at which the air may be introduced into the 
space quietly and without creating objectionable drafts. 

Although grille face velocities up to 1600 and even 2500 fpm are some- 
times feasible, such velocities are impractical in most cases, primarily 
because either the throw or the induced air motion is excessive in the 
particular room and secondarily on account of noise. With present 
emphasis on draftless distribution, the trend is toward velocities between 
400 and 1000 fpm. Selection of the proper velocity requires that the 
designer have reliable data applicable to the particular make of grille 
proposed. 

A method for selecting supply openings is outlined in the form of a 
sample cooling problem, using numerical values which have no reference 
to any particular make of supply opening, 

1. The l<^d calculations have been made; a suitable temperature differential has been 
selected (it is to be understood that the data referred to from this point on are based on 
this temperature differential), and the volume of air required determined. Assume that 
Fig. 13 represents a small general office having a noise level of 40 db and that 2400 cfm 
must be supplied for proper conditioning. 

2. Select a tentative location for the supply opening or openings, having in mind 
the type of grille most likely to effect proper distribution. In this particular case, two 
supply openings having a wide spread appears to be a logical choice. 

3. Data from which to determine velocity which corresponds to 2400 cfm and a noise 
rating at least 5 db below the noise level of the office may be presented in a number of 
forms, one of which is shown in Fig. 11. (Fig. 11 represents assumed values only. In 
practice similar data should be obtained from the manufacturer whose supply openings 
are being considered. Several similar charts or tables may be necessary to cover any 
one manufacturer’s complete line.) From Fig. 11 it will be noted that for 2400 cfm the 
type of grille selected may be used at velocities up to 725 fpm without exceeding 35 db; 
that is, 5 db below the noise level of office. 

4. Having determined the velocity, the core area becomes fixed at 3.31 sq ft or 397 
sq in. per supply opening. In this problem, the two grilles in question are so close 
together that consideration of their combined area in determining the permissible 
velocity from the standpoint of noise introduces little error. 
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5. The type grille selected has thus far been found satisfactory from a noise stand- 
point, provided the face velocity does not exceed 725 fpm. The next consideration is 
throw, which may be assumed to be 16 ft, and by reference to a manufacturer’s catalogue 
the proper correlative test data may be checked with the throw assumed. It is of course 
evident that one or more types of grilles may satisfy the requirements, and that in any 
one type there will be a choice of supply opening proportions. It will also be evident 
that the tentative selection of a supply opening having a wide spread may be unsatis- 
factory from the standpoint of throw, in which event a second choice should be made and 
the procedure repeated. 

In the case of a heating problem, the method of solution is the same, 
but the manufacturer’s data should, of course, be based on tests with air 
above room temperature. However, if data based on chilled air are used 
for a heating problem the grille selection will err on the side of safety. 

TYPES OF SUPPLY OPENINGS 

Grille, register or supply opening design for attaining uniform distri- 
bution and minimum air resistance consists of various fixed and adjustable 



arrangements. Some types are designed with directing air blades, fins, 
bars, louvers, or thin metal strips shaped into a series of grooves or tubes, 
all of which may be set into a suitable round, square or rectangular frame. 
In order to attain desired long or short air throws, the emergence of air 
from the supply opening may be directed to straight, deflecting, con- 
ver^ng or jet air streams depending upon the supply opening design. 
Designs which direct the air stream to produce an ejector effect within 
the enclosed space tend to mix the room air with the conditioned air. 

There are several types of centrally located ceiling or wall type supply 
openings. One of these consists of several round, hollow, cone-shaped 
flaring members with one or more of the smaller members acting as ejectors 
and injectors. An idea for producing even distribution of air consists of 
a perforated ceiling made of a suitable architectural surface and installed 
a small distance below the normal ceiling level of the room. In the space 
provided by this suspended ceiling a plenum chamber is formed into which 
the conditioned air is introduced. From the plenum space the air is per- 
mitted to diffuse through the large number of small ceiling openings into 
the room. 
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BALANCING SYSTEM 

In designinj^ an air conditioning- system, it should be the aim of the 
engineer to so proportion the duct system that proper distribution of air to 
every supply opening will be obtained. Since this is almost impossible to- 
accomplish in practice, it becomes necessary to have means of balancing 
the system to secure the desired amount of air in each space. There are a 
number of ways in which this may be accomplished, some of which are: 

1. Dampers on the supply and return grilles. 

2. Dampers in the supply and return ducts. 

3. Reducing the effective area of some supply openings by blank-oflfs. 

4. Combinations of dampers in both supply and return air. 

Dampers on the supply grilles themselves are objectionable because of 
their effect on the air stream. Dampers on the return grilles are frequently 
helpful in building up a static pressure in the room to prevent infiltration 
of outside air, and at the same time reduce the volume of incoming air. 
However, it is frequently impossible to sufficiently reduce the incoming 
air by this method alone. A damper in the supply duct some distance 
back of the supply opening forms a very satisfactory means of regulating 
the flow without disturbing distribution across the supply opening face. 
A damper in the return air duct has the advantage over one immediately 
behind the grille in that it does not tend to create high localized velocities 
through the grille as the latter might do if nearly closed. Blank-offs 
consisting of pieces of sheet metal covering a portion of the supply opening 
face can frequently be used satisfactorily, although determination of just 
what is required is a matter of experiment, and the balancing of the 
system is not nearly so conveniently accomplished as with dampers. 
Dampers in both supply and return air form the most flexible means of 
controlling the supply to the room and the static pressure within the 
room. When feasible, these dampers, particularly those in the supply 
ducts, should be a substantial distance from the supply opening, and 
ahead of the acoustic duct lining if used. Due consideration should also 
be given to the use of the several volume control and uniform distribution 
devices now available. See Catalog Data Section, 

REFERENCES 

A.S.H.V.E. Research Report No. 1140— The Use of Air Velocity Meters, by Prof. 
G. L. Tuve, D. K. Wright, Jr. and L. J. Seigel (A.S,H.V.E. Transactions, Vol. 45, 1939, 
p. 645). 

A.S.H.V.E. Research Report No. 1156— The Performance of Stack Heads, by 
D. W. Nelson, D. H. Krans and A. F. Tuthill (A.S.H.V.E. Transactions, Vol. 46, 
1940). 

A.S.H.\\E. Research Report No, 1163— Air Flow Measurements at Intake and 
Discharge Openings and Grilles, by G. L. Tuve and D. K. Wright, Jr. (A.S.H.V E 
Transactions, Vol. 46, 1940). 

A.S.H.V.E. Research Report No. 1166— Development of Instruments for the 
Study of Air Distribution in Rooms, by A. P. Kratz, A. E. Hershey and R. B. Engdahl 
(A.S.H.V.E. Transactions, Vol. 46, 1940). 

A.S.H.V.E. Research Paper — Entrainment and Jet-Pump Action of Air Streams, 
by G. L. Tuve, G. B. Priester and D. K. Wright, Jr. (A.S.H.V.E. Journal Section,. 
HeaHng, Piping and Air Conditioning, November, 1941, p. 708). 


608 




Chapter 32 


AIR DUCT DESIGN 


Pressure Losses^ Friction Losses^ Friction Loss Charts Elbow 
Friction Losses^ Proportioning the Losses, Duct Sizes, Pro- 
cedure for Duct Design, Velocities, Main Trunk Ducts, Pro- 
portioning the Size for Friction, Velocity Method, Equal 
Friction Method, Duct Construction Details 

T he resistance of an air handling system can be computed from the 
methods and data given in this chapter. The actual resistance for 
any given installation, however, may vary considerably from the calcu- 
lated resistance because of variation in the smoothness of materials, the 
type of joints used and the ability of the mechanics to fabricate in accor- 
dance with the design. It is best to select fans and motors of sufficient 
size to allow a factor of safety. Volume dampers should be installed in 
each branch outlet to balance the system. It is improbable that the 
required quantities of air will be delivered at each outlet without adjust- 
ment of the dampers, which usually results in a total pressure exceeding 
that of the design, unless a liberal factor of safety is allowed. 

The flow of air due to large pressure differences is most accurately 
stated by thermodynamic formulae for air discharge under conditions 
of adiabatic flow, but such formulae are complicated, and the error 
occasioned by the assumption that the gas density remains constant 
throughout the flow may be considered negligible when only such pressure 
differences are involved as occur in ordinary heating and ventilating 
practice. 

In the development of the formulae, diagrams, and tables for the flow 
of air, use is made of the following basic equation for the flow of fluids : 

If Hv be the velocity head in feet of a fluid, and the velocity, F, be expressed in feet 
per minute, the fundamental equation is 

F = 60 -^2gHy 

The factor g is the acceleration due to gravity, or 32.16 ft per second per second. 

It is usual to express the head in inches of water for ventilating work and, since the 
heads are inversely proportional to the densities of the fluids, 

= 62.4 

hy d 

12 
or 

Hy = 5.2 
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therefore, 

r = 1096.5 (1) 

•where 

V = velocity, feet per minute. 
hv == velocity head or pressure, inches of water. 
d = weight of air, pounds per cubic foot. 

For dry air (70 F and 29.921 in. Hg barometer) d = 0.075 lb per cubic foot^ Substi- 
tuting this value in Equation 1 : 

V = 1096.5 = 4005 J hv (2) 

^ 0.07o t 

The relation of air velocity and \*elocity head expressed in Equation 2 is shown 
diagrammatically in Fig. 1 for air at 70 F and 29.92 in. Hg barometer. 
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VELOCITY HEAD, INCHES OF WATER 

Fig. 1. Relation Between Velocity and Velocity Head for Dry Air 


The drop in pressure in air distributing systems is due to the dynamic 
losses and the friction losses. The friction losses for turbulent flow (which 
occur in all practical air flow problems) are due to the friction of air 
against the sides of the duct and to internal friction between air molecules. 
The dynamic losses are those due to the change in the direction or in the 
velocity of air flow. 

Dynamic losses occur principally at the entrance to the piping, in the 
elbows, and wherever a change in velocity occurs. The entrance loss is 
the difference between the actual pressure required to produce flow and 
the pressure corresponding to the flow produced; it may vary from 0.1 to 
0.5 times the velocity head. The pressure loss in elbows must also be 
allowed for in the design. 


FRICTION LOSSES 

A study of the frictional resistance to the flow of air in ducts was 
begun by the A.S.H.V.E. Research Laboratory in 1938. This study 


*S€e Chapter 47 for definition of standard air. 
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resulted in modifications of the Fanning friction loss formula, for 100 ft 
of round galvanized iron duct and for air at standard conditions-: 


For round duct with no joints, 


1.157 . 
"s - 1 

i,4000/ 

(3) 

For round duct with 40 joints per 100 ft, 



T7 - 1 

pi.287 1 

/ r y.ss 

Uooo/ 

(4) 


where 

JTs = friction loss, inches of water at standard conditions. 

V == velocity of air, feet per minute, 

D = diameter of duct, feet. 

The chart shown in Fig. 2 was constructed from Equation 4 and there- 
fore applies only for round galvanized iron duct of good construction with 
40 joints per 100 ft, and for air at standard conditions. No factor of safety 
has been applied. In view of the many variations that may occur in duct 
construction and application, it is recommended that a factor of safety 
be used, which in the judgment of the engineer, will make due allowance 
for these variations. In the Laboratory tests the variation found in 
pressure loss between the best joints and the worst joints was approxi- 
mately 10 per cent. This would suggest a minimum factor of safety of 
10 per cent. 

Since the friction chart applies only for standard conditions, it is 
necessary to apply correction factors for other than standard conditions. 
These corrections are as follows: 


( Ya \ 0.17 

where 

= friction loss, inches of water at actual conditions. 

S ~ ratio of density of air at actual conditions to density of air at standard con- 
ditions. 

YA = kinematic viscosity at actual conditions. 

Ys = kinematic viscosity at standard conditions. 

Kinematic Viscosity — — 

P 

where 

p. = absolute viscosity, pounds per foot second (see Fig. 3). 
p = density, pounds per cubic foot (see Chapter 1). 

The absolute viscosity of dry air at various temperatures is given in 
Fig. 3. It is assumed that the viscosity is not appreciably affected by 
the moisture content. 

For temperatures ordinarily used in heating, ventilating and air con- 
ditioning work, the correction for viscosity may be neglected without 


^Frictional Resistance to the Flow of Air in Straight Ducts, by F. C. Houghten, J. B. Schmieler, J. A. 
Zalovdk and N. Ivanovic (A.S.H.V.E. Transactions, Vol. 45, 1939, p. 35). Analysis of Factors Affecting 
Duct Friction, by J. B. Schmieler, F, C. Houghten and H. T. Olson (A.S.H.V.E. Transactions, Vol. 
46, 1940). 
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serious error. The correction equation would then be simplified to the 
following; 

H^^HsXS ( 6 ) 

Example 1, Assume that it is desired to circulate 10,000 cfm of air through 75 ft of 
24 in. diameter pipe. Find 10,000 cfm on the right scale of Fig. 2 and move horizontally 
left to the diagonal line marked 24 in. The other intersecting diagonal shows that the 
velocity in the pipe is 3200 fpm. Directly below the intersection it is found that the 
friction per 100 ft is 0.41 in,; then for 75 ft the friction will be 0.75 X 0,41 = 0.31 in. 
In a like manner any two variables may be determined by the intersection of the lines 
representing the other two variables. 

Circular Equivalents of Rectangular Ducts 

Where rectangular ducts are used it is frequently desirable to know the 
equivalent diameter of round pipe to carry the same capacity and have 
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ju> poises 

Ts deg abs cent 

C> Sutherlands constant 
a 120 for air , 

;io at to.170.9 x 10'® 
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Fig. 3. Temperature — ^\^iscosity Curve for Dry Air 


the same friction per foot of length. Table 1 gives directly the circular 
equivalents of rectangular ducts for equal friction and capacity, which 
are based on values determined from Equation 7: 

d = 1.265 (7> 

where 

a = one side of rectangular pipe, feet or inches. 

b - other side of rectangular pipe, feet or inches. 

d = equivalent diameter of round pipe for equal friction per foot of length to carry 
the same capacity, feet or inches. 

Rectangular equivalents of round ducts are also given in the curves 
of Fig. 4 which are plotted from data based on Formula 7. To use the 
chart, locate the curve giving the diameter of the round duct. The width 
and height of an equivalent rectangular duct may then be read as abscissa, 
and ordinate of any point of the curve. 
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Multiplying or dividing the length of each side of a pipe by a constant 
is the same as multiplying or dividing the equivalent round size by the 
same constant. Thus, if the circular equivalent of an 80 x 24-in. duct is 
required, it will be twice that of a 40 x 12-in. duct, or 2 X 23.3 = 46.6 in. 
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Fig. 4. Rectangular Equivalents of Round Ducts 


Elbow Friction Losses 

It is customary to express the dynamic and friction losses in elbows as 
equal to a number of diameters of round pipe or a number of widths of 
rectangular pipe. The curves in Fig. 5 are arranged to read the number 
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of diameters or widths for determining the lineal feet of pipe having a 
frictional resistance equivalent to the pressure drop in the elbows. 
Curves B and C are based on tests of round and square elbows® of ordinary- 
good sheet metal construction having a surface factor of C == 50. 

Values obtained from Curve A should be used when there is any doubt 
as to quality of duct construction. It is suggested that this curve be used 
for rectangular elbows and five piece elbows as it will thus allow an 
additional factor of safety without seriously affecting the design. 

As indicated on the chart, long radius elbows will offer much less 
resistance to the flow of air than short radius elbows. Experience has 
shown that good results may be expected when the radius to the center 



Fig. 5. Loss of Pressure in Elbows 


of the elbow is 1.5 times the pipe diameter or duct width parallel to the 
radius. Examination of the curve will indicate that little advantage is to 
be gained by selecting elbows having a centerline radius of more than two 


Table 1. Circular Equivalents of Rectangular Ducts for Equal Friction 



•Loss of Pressure Due to Elbows in the Transmission of Air Through Pipes or Ducts, by F. L. Busey 
(A.S.H.V.E. Transactions. Vol. 19, 1913. p. 366). 
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Table 1. Circular Equivalents of Rectangular Ducts for Equal Friction^ — (Continued) 



•Additional sizes: 4 X 5 =* 4.9; 4X6 = 6.4; 4X7 = 6.8; 6X6 = 6.6; 6X6 = 6.3; 6X7 = 6.6. 












































Rbcta-ngular 50 



45.3 47,2 48.9 50.7 52.2 53.8 55.5 56.9 58.4 59.9 61.3 62.6 | 92 74.1 77.1 
46.0 47.8 49.5 51.3 52.9 54.5 56.2 57.7 59.1 60.6 62.1 63.5 1 94 74.8 77.8 
46.5 48.4 50.1 51.9 53.7 55.4 57.0 58.7 60.0 61.3 63.0 64.5 | 96 75.5 78.7 
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diameters^ Elbows having a radius of more than three diameters show a 
slightly increased resistance due to the increased length of pipe but, when 
used, Aey reduce the overall resistance of the system and therefore should 
not be avoided. 

Where space conditions necessitate the use of short radius or square 
throat elbows in rectangular duct work, turning vanes should be used to 
reduce the pressure losses. Rough or raw edges on the vanes should be 
avoided to prevent objectionable noise. Three typical types of vanes 
are shown in Fig. 6 which gives the approximate number of duct widths 
recommended to be used in estimating the resistance of each type. 

The pressure loss through elbows of less than 90 deg may be assumed 
to be directly proportional to the ratio of the angle through which the 
turn is made. The resistance will vary widely for the large degree turns 
depending upon the aspect ratio and the length of straight pipe between 
the elbows, but for practical purposes, it may be assumed that the ratio 
remains proportional to the angle through which the turn is made. 



Elbows with Turning Vanes 

Reverse 90 deg elbow turns should be avoided wherever possible but, 
where used, the friction of the elbows indicated in Fig. 5 should be 
doubled for the second elbow. 

PROPORTIONING THE LOSSES 

The entrance loss through the outside air intake louvers will vary with 
the design of the louvers and method of connection to the system. The 
louvers and connecting duct will have a friction resistance of from 0.25 to 
1.00 times the velocity pressure. Therefore, the total entrance loss will 
vary from 1.25 Jh to 2.00 hy* Common practice is to use 1.5 fev for a 
75 per cent free area louver with connecting duct having 15 deg tapered 
sides. Wherever air passes through a plenum space having a negligible 
velocity, allowance must be made for the loss in velocity head. This may 
be taken as the velocity head corresponding to the difference in velocities 
in the plenum and the duct. Where the ducts are very smooth with long 
transformation fittings, a regain in static pressure is sometimes allowed, 

^Pressure Losses in Rectangular Elbows, by R. D. Madison and J. R. Parker (Heating, Piping and Air 
Conditioning, July, p. 365, August, p. 427, September, p. 483, 1936). 

618 






CHAPTER 32, AIR DUCT DESIGN 


but generally ordinary construction does not warrant a consideration of 
this factor, and it is customary to neglect it. When it is allowed, the 
regain is estimated at one-half the difference between the velocity pres- 
sure at the fan outlet and at the last run of pipe. 

Other losses of pressure occur through the heating units, at the air 
washer and at air filters. In ordinary practice in ventilation work it is 
usual to keep the suni of the duct losses one-third to one-half and the loss 
through the other units at less than one-half of the static pressure. The 
remainder is then available for producing velocity. In the design of an 
ideal duct system, all factors should be taken into consideration and the 
air velocities proportioned so that the resistance will be practically equal 
in all ducts regardless of length. 

DUCT SIZES 

Ducts and flues for gravity circulation must be sized so that the friction 
loss will not exceed 50 per cent of the available aspirating effect due to the 
temperature and height of the column of heated air. Duct systems for 
mechanical circulation may be sized so as to have much higher pressure 
losses than gravity systems. The total pressure of these systems is 
limited to the available pressure from the fan used. 

General Rules 

The general rules to be followed in the design of a duct system are 
enumerated herewith : 

1. The air should be conveyed as directly as possible at reasonable velocities to obtain 
the results desired with greatest economy of power, material and space. 

2. Sharp elbows and bends should be avoided unless turning vanes are used. 

3. Transformation pieces should be made as long as possible. The angle between the 
sides and axis of the duct should never exceed 30 deg and where possible, 15 deg should 
be made the maximum. 

4. Especial care should be taken to maintain a true cross-section and not to restrict 
the air flow either in transformation pieces or in elbows. 

5. Rectangular ducts or flues should be made as nearly square as possible. Good 
practice limits the ratio between the long side and the short side to 3 to 1. In no case 
should this ratio exceed 10 to 1. 

6. Wherever possible, ducts should be constructed of smooth material such as sheet 
metal. Where masonry ducts are used, proper allowance for the surface coefficient 
should be made. 

7. The use of furred spaces, spaces between joists, etc., should be avoided unless 
lined with sheet metal. 

Procedure for Duct Design 

The general procedure for designing a duct system is outlined in the 
several items listed herewith: 

1, Study the plan of the building and draw in roughly the most convenient system of 
ducts, taking cognizance of the building construction, avoiding all obstructions in steel 
work and equipment, and at the same time maintaining a simple design. 

2. Arrange the positions of duct outlets to insure the proper distribution of air. 

3. Divide the building into zones and proportion the volume of air necessary for each 
zone. 

4, Determine the size of each outlet, based on the volume as obtained in the preceding 
paragraph, for the proper outlet velocity and throw. 
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5. Calculate the sizes of all main and branch ducts by either of the following two 
methods: 

a. Velocity Method. Arbitrarily fix the velocity in the various sections, reducing the 
velocity from the point of leaving the fan to the point of discharge to the room. In 
this case the pressure loss of each section of the duct is calculated separately and 
the total loss found by adding together the losses of the various sections of the 
continuous run. 

b. Friction Pressure Loss Method. Proportion the duct for equal friction pressure 
loss per foot of length. 

6. Calculate the friction for the duct offering the greatest resistance to the flow of 
air, which resistance represents the static pressure which must be maintained in the fan 
outlet or in the plenum space to insure distribution of air in the duct system. The duct 
having the greatest resistance will usually be that having the longest run, although not 
necessarily so. 

Air Velocities 

The air velocities given in Table 2 have been found to give satisfactory 
results in engineering practice. Where the higher velocities are used, the 
ducts should be cross-braced to prevent breathing, buckling or vibration. 
High velocities at one point in the system offset the effect of proper 
design in all other parts of the system; hence the importance of air 
velocities, elbow design, location of dampers, fan connections, grille and 
register approach connections, and similar attention to details. For 
industrial buildings, noise is seldom given much consideration, and main 
duct velocities as high as 2800 or 3000 fpm are sometimes used but, when 
these velocities are used, due consideration should be given to duct 
design, resistance pressure, fan efficiencies and motor horsepower. For 
department stores and similar buildings, 2000 to 2200 fpm are sometimes 
used in main ducts where noise is not objectionable and space conditions 
warrant it. Wherever velocities higher than those shown in Table 2 are 
used, it is essential that the ducts should be of heavier gages, have addi- 
tional bracing and be carefully constructed for a minimum resistance. 

Where the high velocity diffusing outlets are used, the duct velocity 
should not be less than the throat velocity of the diffusers, as dynamic 
losses occur wherever velocities are stepped up or down. One recent 
trend in grille design is toward the use of much higher grille and branch 
duct velocities. Some installations have been made with velocities as 
high as 1600 fpm in branches and through the net area of grilles, but 
many of these have proven unsatisfactory because of noise and drafts. 

Grille manufacturers publish selection tables which size the grilles for 
volume of air, temperature differential and distance of throw. In following 
these tables, maximums should be avoided and the manner in which the 
duct connects to the grille should be given careful consideration. Most of 
the selection tables are based on straight approach to the grille. Elbow 
connections to supply grilles should be provided with turning vanes to 
equalize the face velocity. See Chapter 31 for a discussion of grilles. 

Fan outlet velocities are discussed in Chapter 30 and will not be dealt 
with here except to indicate that fan noises should be given proper 
consideration. 

Main Trunk Ducts 

Main trunk ducts with branches are commonly used to convey the air 
from the fan to the grille or register outlets in preference to individual 
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ducts from the fan to these outlets. The velocities in these ducts and 
branches vary according to the nature of the installation and the degree 
of quietness desired. The recommended velocities in Table 2, with good 
construction, should give satisfactoiy results. The maximum velocities 
indicated should not be used except in areas where noise is not a deciding 
factor. 

Velocity Method 

The velocity method of designing a duct system involves arbitrarily 
selecting velocities at various sections of the duct system with the highest 
velocities generally chosen at the fan and progressive lower velocities 
toward the duct openings to the room. To find the total static pressure 
against which the fan must operate, the static pressure loss of each section 
must be calculated separately and the total loss found by adding the indi- 
vidual losses of the various sections of the run having the highest resis- 
tance. Usually this is the longest run but in some cases a shorter run may 
have more elbows, transformations, booster heaters, etc., which will cause 
it to have a higher resistance pressure. This method requires judgment 
and experience in choosing the proper velocities to approach equal friction 
for all lengths of run but many engineers believe that the velocity method 
is handier to use than other methods and will give satisfactory results for 
most practical applications. The air velocities given earlier in this 
chapter are helpful in choosing proper velocities. Adjustable dampers or 
splitters are used to regulate air quantities delivered. 

Equal Friction Method 

The equal friction method of design is sometimes preferred because it 
does not require nearly so much judgment and experience in selecting the 
proper velocities in the various sections of a system. The usual procedure 


Table 2. Recommended and Maximum Duct Velocities 



Recommended Velocities, fpm 

Maximum Velocities, fpm 

Designation 

Residences 

Schools, 

Theaters, 

Public 

Buildings 

i 

Industrial 

Buildings 

Residences 

Schools, 

Theaters, 

Public 

Buildings 

Industrial 

Buildings 

Outside Air 
Intakes^ 

700 

800 

1000 ' 

.800 

900 

1200 

Filters^ 

250 

300 

350 

300 

350 

350 

Heating Coils^ 

450 

500 

600 

500 

600 

i 700 

Air Washers 

500 

500 

500 

500 

500 

500 

Suction 

Connections 

700 

800 

1000 

900 

1000 

1400 

Fan Outlets 

1000-1600 

1300-2000 

1600-2400 

1700 

1500-2200 

1700-2800 

Main Ducts 

700-900 

1000-1300 

1200-1800 

800-1000 

1100-1400 

1300-2000 

Branch Ducts j 

600 

600-900 

800-1000 

700 

800-1000 

1000-1200 

Branch Risers 1 

500 

1 

600-700 

800 

650 

800-900 

1000 


aXhese velocities are for total face area, not the net free area. 
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in this method of design is to select the main duct velocity to be con- 
sistent with good practice from a standpoint of noise for a particular type 
of building. This velocity should be less than the fan outlet velocity. 
All main ducts and branch ducts are sized for equal friction by the use of 
Fig, 2 and Table 1 or Fig. 4. 

In cases where the fan or factory assembled air conditioning unit has a 
limited external resistance, it is necessary to divide the available resistance 
by the total equivalent length of the longest or most complicated run of 
duct to determine the resistance per 100 ft and then to size all ducts at 
this resistance value, which will automatically determine the duct veloci- 
ties and give the desired total duct resistance. A further refinement 



which is sometimes used in large systems is to size each branch duct so 
that it has a resistance equal to the resistance of the main system at the 
point of juncture. Even when this refinement is added, regulating 
dampers are recommended in each branch. 

After the duct system is designed the frictional resistance is calculated 
and tabulated together with the resistance of all component parts. The 
fan is then selected for the required volume of air, static pressure and 
outlet velocity. 

Etmmple 2, Fig. 7 shows a typical layout of an air distribution system which is 
applicable for ventilation of hotel dining rooms and offices. The volume of air in cubic 
feet per minute for the room is determined on the basis of the number of air changes per 
hour required. In the example shovrn, the room ventilated is a hotel dining room 135 ft 
X 85 ft X 15 ft. A 734"niin air change (8 air changes per hour) is assumed for proper 
ventilation, giving 22,935 cfm as the air required. 
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The fr^ area of outdoor air inlet is based on a velocity of 1000 fpm or 22,395 
1000 = 22.94 sq ft. The mam duct velocity selected from Table 2 is 1250 fpm which 
gives a mam duct area of 22,935 1250 = 18.354 sq ft (60 X 44 in.). From Table 1 a 

60 X 44 in. duct is approximately equivalent to 56 in. diameter. 

Referring to Fig. 2, a volume of 22,935 cfm through a 56 in, diameter duct gives a 
velocity of 1340 fpm and a resistance of 0.028 in. per 100 ft. The amount of air to be 
handled by each section of pipe is shown in Fig. 7, and by locating each of these values 
on the 0.028 in. friction line, the round pipe sizes are obtained and then, referring to 
Table 1, the equivalent rectangular sizes are selected as shown in Table 3. 

The pressure at the outlets nearest the fan will be greater than at the pipes farther 
along the run so that the former will tend to deliver more than the calculated amount of 
air. To remedy this condition, volume regulating dampers should be located at the base 
of each riser, or in each branch duct, and adjusted for proper distribution. At points 
where branches^ leave the main it may be advisable, depending upon the nature of the 
installation, to install adjustable splitters similar to that shown in Fig. 7 where the main 
duct divides into the 58 x 30 in. and 50 x 30 in. branches. 


Table 3. Pipe Sizes for Example 2^ 


Volume of Air 
(cfm) 

Diameter of Pipe 
(Inches) 

Equivalent Size of Rec- 
tangular Duct (Inches) 

22,935 

56 

60x44 

12,510 

45 

58 X 30 

10,425 

42 

50x30 

8,340 

39 

42x30 

6,255 

35 

42x24 

4,170 

29.5 

30x24 

2,085 

23 

30x 15 


a\’elocity through gnlles (not shown) to be approximately 300 fpm. 


Resistance Losses for the System 

(1) Outdoor air intake, 1000 fpm velocity (1.5 heads X 0.0625) 0.094 in. 

(2) Filters (from manufacturer’s tables) 0.250 in. 

(3) Tempering coil loss (from manufacturer’s tables) 0.074 in. 

(4) Air washer loss (from manufacturer’s tables) 0.250 in. 

(5) Reheating coil loss (from manufacturer’s tables)— 0.083 in. 

(6) Duct resistance: 

The longest run is... 150 ft 

Two, 58 X 30 in. elbows (150% ratio) ^ ^ = 126 ft 

Two, 30 X 15 in. elbows (150% ratio) - ^ “ 

q y qc y It; 

Three, 15 x 30 in. elbows (75% ratio) = 131 ft 


Total equivalent run._ 472 ft 

472 ft at 0.028 in. per 100 ft 0.132 in. 

(7) Allowance for damper adjustment, 25% of 0.132 0.033 in. 

(8) Supply grille resistance (from manufacturer’s tables) 0.036 in. 

Total static pressure loss of system 0.952 in. 


The fan is selected from the manufacturer’s ratings to deliver 22,935 cfm at a static 
pressure of 0.952 in. as outlined in Chapter 30. 
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Table 4. Recommended Sheet Metal Gages for Ducts^ 


U. S. Std. 
Gage 

ROUNT) 

Ducts 

Diameter, 

Inches 

Rectangular Ducts 

Maximum 

Side, 

Inches 

1 Type of Joint Connections 

Bracing 

26 

Up to 18 

Up to 12 

1 3 or Drive Slips 

None 

24 

19 to 30 

13 to 24 

1 *S or Drive Slips 

None 

24 


25 to 30 

‘ 3 or Drive Slips 

1 in. Angle 

4 ft from Slips 

22 

31 to 45 

31 to 48 

Bar or Drive Slips 

l)i in. Angle 

4 ft on Centers 

20 

46 to 60 

49 to 60 1 

1 IJi in. Angle Bar Slips or 

I 1)2 in. Angle Connections 

la in. Angle 

2 ft 8 in. on Centers 

18 

61 and up 

61 to 90 

1)^ in. Angle Connections 

in* Angle 

2 ft 8 in. on Centers 

18 


91 and up 

2 in. Angle Connections 

2 in. Angle 

2 ft 8 in. on Centers 


aif flat sides are not cross-broken two gages heavier material should be used. 


Table 5. Weights of Sheet Metal Used for Duct Construction 



Black Sheets 

1 Galvanized Sheets!* 

U.S. 

.A-pproximate 

Weight Per 

Approximate 

Weight Per 

Std. 

Gage 

Thickness, In- 

Square Foot 

Thickness, In. 

Square Foot 


Steel 

Iron 

Ounces 

Pounds 

Steel 

Iron 

Ounces 

Pounds 

30 

0.0123 

0.0125 

i 8 

0.500 

0.0163 

0.0165 

10.5 

0.656 

28 

0.0153 

0.0156 

10 

0.625 

0.0193 

0.0196 

12.5 

0.781 

26 

0.0184 

0,0188 

12 

0.750 

0.0224 

0.0228 

14.5 

0.906 

24 

0.0245 

0.0250 

16 

1.000 

0.0285 

0.0290 

18.5 

1.156 

22 

0.0306 

0.0313 

20 

1.260 

0.0346 

0.0353 

22.5 

1.406 

20 

0.0368 

0,0375 

24 

1.500 

0.0408 

0.0416 

26.5 

1.666 

18 

0.0490 

0.0500 

32 

2.000 

0.0530 

0.0540 

34.5 

2.156 

16 

0.0613 

0.0625 

j 40 

2.500 

0.0653 

0.0665 

42.5 

2.656 

14 

0.0766 

0.0781 

! 50 

3.125 

0.0806 

0.0821 

52.5 

3.281 

12 

0.1072 

0.1094 

70 

4.375 

0.1112 

0.1134 

72.5 

4.531 

11 

0.1225 

0.1250 

i 80 

5.000 

0.1265 

0.1290 

82.5 

5.156 

10 

0.1379 

0.1406 

90 

5.625 

0.1419 

0.1446 

92.5 

5.781 


bGalvanized sheets are gaged before galvanizing and are therefore approximately 0.004 in. thicker. 


Table 6. Weights and Thicknesses of Standard Copper Sheets^ 


Rolled to Weight 


Weight per Square Foot 

Thickness, Inches 

Nearest Gage No. 

Ounces 

Pounds 

Decimal 

Equivalent 

Nearest 

Fraction 

B. &S. 

Stubs 

U. S. Std. 

10 

0.625 

0.0135 


27 

29 

29 

12 

0.750 

0.0162 


26 

27 

28 

14 

0.875 

0.0189 


25 

26 

26 

16 

1.000 

0.0216 


23 

24 

25 

18 

1.125 

0.0243 

H2 

22 

23 

24 

20 

1.250 

0.0270 


21 

22 

23 

24 

1.500 

0.0324 

H 2 

20 

21 

22 

28 

1.750 

0.0378 

H 2 

19 

20 

20 

32 

2.000 

0.0432 

%4. 

17 

19 

19 

36 

2.250 

0.0486 

H4, 

16 

18 

18 

40 

2.500 

0.0540 

%4 

15 

17 

17 

44 

2.750 

0.0594 

He 

15 

17 

17 

48 

3.000 

0.0648 

Me 

14 

16 

16 

56 

3.500 

0.0756 

M4 

13 

15 

14 

64 

4.000 

0.0864 

M4 

11 

14 

13 


cVariations from these weights must be expected in practice. 
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Example 3, If the rooms and offices of the hotel building of Example 2 are to be 
served from a manufactured unit with a capacity of 22,935 cfm against an external 
resistance of 0.35 in., the known resistances are calculated as: 


(1) Outdoor air inlet 0.094 in. 

(2) Allowance for damper adjustment 0.033 in. 

(3) Supply grille resistance (from manufacturer's tables) 0.036 in. 

Total known resistance 0.163 in. 

Subtracting this from the total available resistance: 0.35 in. ~ 0.163 in. = 0.187 in. 
available for duct resistance. 

Known length of run._ 150 ft 

The duct width is then estimated for the following elbow calculations: 

Four 150% ratio elbows, 4 x 13 x 3.5 ft 182 ft 

Three 75% ratio elbows, 3 x 35 x 1.5 ft-» 158 ft 

Total estimated length 490 ft 

The duct friction per 100 ft is then 0.187 4- 4.90 = 0.0382 in. and the mains and 
branches are sized from the 0.038 in. friction line in Fig. 2. 


If it is desired to size each branch for equal resistance, the total resistance back to the 
point of juncture is calculated and the branch is then sized in a manner similar to that 
outlined in Example 3, 


SOUND CONTROL 

Frequently the problem of sound prevention in a heating, ventilating or 
air conditioning system imposes more severe restrictions than the pre- 
vention of excessive pressure drop. Tendencies toward higher duct 
velocities have produced noise control problems which require con- 
sideration of enumerable factors in air duct design. Naturally some types 
of occupancy and application permit relatively higher sound levels to be 
maintained than others, but the design trend is progressively directed 
towards noise reduction wherever possible. Sound absorbent materials 
have been successfully applied to duct construction to reduce noise. 
The basis used for the selection of the proper amounts of absorbent 
materials will be found in Chapter 33. 

DUCT CONSTRUCTION DETAILS 

Straight sections of round duct are usually formed by rolling the sheets 
to the proper radius and grooving the longitudinal seam. Rectangular 
ducts are generally constructed by breaking the corners and grooving the 
longitudinal seam, although some fabricators still use the standing seam 
due to lack of equipment. Elbows and transformation sections are 
generally formed with Pittsburgh comer seams because this seam is 
easier to lock in place than the double seam, but complicated fittings such 
as double compounded elbows are usually constructed with double seam 
corners. 

The construction of these various seams as well as the types of girth 
connections are shown in Fig, 8. The application of the various slips and 
connections are outlined in Table 4. The end slip may be used wherever 
5 slips are recommended. Where drive slips are used the end slip may be 
applied on the narrow side of the duct and only the drive slips on the 
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Grooved 

seam 



Standing S Drive End 

seam sliP slip slip 






Double Pittsburgh 

S€iam seam 


Bar Angle Angle 

slip connection bar slip 






Heater, filter, and washer connections 
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maximum side. Ducts 25 to 30 in. in size should be reinforced between 
the joints, but not necessarily at the joint. Ducts 31 in. and up should be 
reinforced at the joint and between the joints; if drive slips are used the 
angles are usually riveted to the duct about 2 in. from the slips. It is good 
practice to cross-break or kink all flat surfaces to prevent vibration or 
buckling due to the air flow and accompanying variations in internal 



Fig. 9. Area and Weight of Rectangular Sheet Metal Ducts 

pressure. Round ducts are sometimes swedged 1.5 in. from the ends so 
that the larger end will butt against the swedge and are held in place with 
sheet metal screws. Where swedges are not used it is general practice 
to paste the joint with asbestos paper to insure a tight joint. 

The construction of elbows and changes of shape cannot be definitely 
outlined because of the varied conditions encountered in the field, but in 
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general long radius elbows and gradual changes in shape tend to maintain 
uniform velocities accompanied by decreased turbulence, lower resistance 
and a minimum of noise. 

Heavy canvas connections are recommended on both the inlet and 
outlet to all fans. The fan discharge connections shown in Fig. 8 are 
marked good, fair, and poor in the order of the amount of turbulence 
produced. An inspection of the heater connections shown in Fig. 8 will 
readily show that uniform velocity through the heater cannot be expected 
in the diagram noted poor. When obstructions cannot be avoided, the 
duct area should never be decreased more than 10 per cent and then a 
streamlined collar should be used. Larger obstructions require an increase 
in the duct size in order to maintain as nearly uniform velocity as possible. 
Branch take-offs should always be arranged to cut or slice into the air 
stream in order to reduce as far as possible the losses in velocity head. 

The recommended gages for sheet metal duct construction are given in 
Table 4. Weights of sheet metal per square foot of surface for different 
gages are given in Table 5. The weights of various gages and the areas 
for any length of run of rectangular sheet metal ducts may also be 
determined from Fig. 9. The bottom scale represents the sum of the two 
sides of the duct and the oblique lines give the length of run in feet. 
Proceeding horizontally to the right from the intersection of vertical and 
oblique lines on the chart, the area of the duct may be determined in the 
first vertical scale. The scales to the right give the weights of the duct 
run for different gages of metal. In calculating the weights of duct, it 
is considered good practice to allow 20 per cent additional for weights of 
joints and bracings. Various weights and thicknesses of standard copper 
sheets will be found in Table 6. 
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SOUND CONTROL 


Decibel Defined^ Apparatus for Measuring Noise^ Problem of 
Sound Control, Acceptable Noise Levels, Fan S^oise, Attenua~ 
tion in Duct System, Absorbers, Grille Noise, Cross Transmis- 
sion of Noise Between Rooms, Controlling Vibration from 
Machine Mountings 

I N ventilating and air conditioning a building or a room, the effect of 
the mechanical system employed must be considered on the acoustics 
of the space conditioned. It is important to consider also that the use of 
air conditioning often permits keeping the windows closed, thus giving 
relief from certain external noises, but at the same time increasing the 
necessity of providing adequate sound control. 

It is not assumed that the ventilating and air conditioning engineer 
will attempt to improve the acoustics of the space that is being con- 
ditioned, but the designer should have at least enough fundamental 
knowledge of the acoustical effects of the system which is being designed 
to be sure that no damaging effects occur to the existing acoustical 
properties. It is assumed that in a given space the architect and acoustical 
engineer have produced a room or rooms which are satisfactory for 
speech, music, or other uses. The ventilating engineer’s sole function is 
to ventilate and air condition these rooms properly so that they will be 
physically comfortable without adding any acoustical hazards. 

UNIT OF NOISE MEASUREMENT 

By a recently adopted international standard, two terms are used for 
noise measurement. The decibel (db) is the physical unit for expressing 
intensity or pressure levels. The phon is the unit of loudness level The 
loudness level, in phons, of any sound is by definition equal to the in- 
tensity level in decibels of a thousand cycle tone which sounds equally loud. 

The decibel is defined by the relation iV = 10 logio where N is the 

number of decibels by which the intensity flux li exceeds the intensity 
flux Jo. The intensity flux is the measure of the energy contained in a 
sound wave and is defined in terms of micro- watts per square centimeter 
of wave front in a freely traveling plane wave. It is usually more con- 
venient to select an arbitary reference intensity for Jo and express all 
other intensities in terms of decibels above that level. For this purpose 
a reference intensity of 10^^® watts per square centimeter has been 
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selected. This intensity is slightly less than the threshold of audibility 
for the average ear at a frequency of 1,000 cycles per second. This 
reference level also corresponds to a pressure of 0.0002 dynes per square 
centimeter. 

A stated sound level in decibels, unless otherwise defined, will thus be 
related to a threshold of 10'^^ watts. For example, a level of 60 db above 
this reference threshold is 10“^® watts. In a similar manner, when sound 
measurements are given in actual intensity or energy units, they can be 
converted to decibels by this relation. 

Since the decibel is a ratio, it can only be employed when related to a 
reference threshold level as given. Noise levels, which vary with fre- 
quency as well as intensity, must not only be related to this reference 
threshold level, but also to a reference frequency, which is taken as 1000 
cycles. These terms and procedures may be found in Tentative Standards^ 
published by the American Standards Association. 

APPARATUS FOR MEASURING NOISE 

Since the relative loudness to the ear, rather than the actual physical 
intensity, is the quantity in which engineers are usually interested, it has 
been found necessary to allow for the varying sensitivity of the ear at 
different frequencies in designing noise measuring equipment. The most 
satisfactory method of measuring noise is by means of a sound level meter 
which usually consists of a microphone, a high gain audio-amplifier, and a 
rectifying milliammeter which will read directly in decibels. This meter 
is calibrated to give readings above the standard reference level and 
usually contains a weighing network to make it less sensitive at those 
frequencies where the ear is less sensitive. For complete specifications 
relative to the approved type of sound level meters refer to the infor- 
mation^ published by the American Standards Association. 

GENERAL PROBLEM OF SOUND CONTROL 

As previously stated., the problem confronting the air conditioning 
engineer is that of designing a system which will operate without in- 
creasing the noise level in the conditioned space. To be sure that this is 
accomplished, it is necessary: 

a. To determine the noise level existing without the equipment. 

^ h. To ascertain the noise level which would exist if the equipment were installed 
without sound control. 

c. To provide as a part of the installation sufficient sound control appliances to 
reduce the noise level substantially to that found in {a). 

To accomplish this the engineer should have information of three kinds: 

• knowledge of the noise levels currently considered acceptable in various rooms 

in order that he may have a basis on which to proceed. 

2. A knowledge of the nature and intensity of the noise created by the various parts 
of the equipment. 


^American Tentative Standards for Noise Measurement, American Standards Association. 

Measurement of Noise and Other Sounds. 
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3. A knowledge of how, when necessary, to vary and control the noise level between 
the equipment and the conditioned space. 

In addition, the engineer should have information enabling him to deal 
with noises which may be transmitted by the duct system from one con- 
ditioned space to another, or from an outside space to the conditioned 
space. 

While the general problem may be logically outlined and the items of 
knowledge necessary to its solution can be listed, the available infor- 
mation at present is lacking in certain respects. However, attention may 
be directed to that information which is currently available, and a 
solution of the noise problem, based on these data, may be outlined. 

NOISE CREATED BY EQUIPMENT 

Information concerning the noise levels created by ventilating and air 
pnditioning equipment such as fans, motors, air washers, and similar 
items is not yet on a basis which permits tabular presentation although 
certain manufacturers are prepared to offer such data and do state the 
noise producing properties of their products. 

Absence of this information makes it necessary to resort to indirect 
means in solving certain problems and also prevents a direct, logical 
solution. 

KINDS OF NOISE 

To solve a sound problem of this type it is desirable to consider sepa- 
rately the several means by which noise reaches the room. This avoids to 
some extent the necessity of knowing the noise level at the source, and 
instead, places the emphasis on ascertaining the level at the point where 
the sound enters the room. 

The noise introduced into a room or building by ventilating or air 
conditioning equipment may be divided into two kinds depending on 
how it reaches the room as : 

1. Noise transmitted through the ducts. 

2. Noise transmitted through the building construction. 

It is convenient to further sub-divide these two methods of delivery as: 

1. Noise transmitted through the ducts. 

a. From equipment such as sprays, fans, etc. 

&. From outside, and transmitted through duct walls into air stream. 

c. From air current, including eddying noises. 

d. Cross talk and cross noises between rooms connected by the same duct system. 

e. Noise produced by the grilles. 

2. Noise transmitted through the building construction. 

a. From machine mountings as vibration. 

h. From equipment through room wall surfaces. 

The next step in the solution of this problem is to present data and 
discuss methods whereby solutions to the noise problem can be obtained 
when the allowable room noise level and the path through which the 
noise reaches the room are known. 
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NOISE TRANSMITTED THROUGH DUCTS 

Operation of an air distribution system results in the generation of 
noise which may be transmitted through the ducts to the ventilated or 
conditioned room. The transmission of this noise may be controlled by 
the proper application of sound absorptive material within the ducts. 
The application of the absorptive material is a problem in balancing the 
room noise level requirements against the intensity of the noise generated. 
The four steps in the problem are: 

1. Determination of acceptable room noise level resulting from the operation of the 
equipment. 

2. Determination of noise level generated by the equipment. 

The difference between steps 1 and 2 in decibels is the overall noise reduction required 
between the equipment and the room. In the following discussion reduction of noise 
will be referred to as attenuation of noise. 

3. Determination of the natural attenuation of the duct system. 

4. Selection of the proper sound treatment for the duct system. 

The difference in decibels between the overall attenuation required and the natural 
attenuation (3) is the additional sound attenuation to be obtained by absorptive ma- 
terials installed in the duct system. 


DESIGN ROOM NOISE LEVEL 

Measurements of noise levels have been observed by several investi- 
gators in various rooms and locations. They are listed in Table 1. The 
values given were determined with the air conditioning or ventilation 
equipment not in operation, and with all windows and doors closed 
simulating the conditions of an actual installation. 

This is an important consideration, for in offices or stores adjacent to 
busy thoroughfares the difference between the typical noise level in the 
space with the windows and doors open and closed may be as high as 
10 db. Minimum, representative, and maximum levels are given for each 
type of space. The values are intended to give the variation with respect 
to location and not to time, and may be roughly classified by the following : 

Minimum loudness refers to: Spaces of expensive construction, typified 
by double windows, carpeted floors, heavy upholstered furniture, or 
accoustically treated walls and ceilings. 

Representative loudness refers to: Spaces of average construction and 
furnishings which are exposed to external noises typical of the locality 
in which the space is usually found. 

Maximum loudness refers to: (1) Any space of inexpensive construction, 
and bare furnishings where noise is not an important factor. (2) Spaces 
in close proximity to very intense street traffic or to intense factory noise. 
(3) Any space containing machinery which is a constant source of noise, 
typewriters, adding machines, printing presses, etc. 

^ In general, if the noise level in the space resulting only from the opera- 
tion of the air conditioning equipment is equivalent to or less than the 
typical level given in Table 1, the installation will prove satisfactory. If 
the typical level and the equipment level are heard together the resultant 
level will be 3 db higher than either of them. 

In some cases it is desirable to keep the equipment noise level in the 
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at other values of tip speed, total pressure, and size may be approximated 
by the following relationships. 

1. With total pressure and size constant. 

db (change) = 10 Logio [ (^p |peed)oi J 

2. With total pressure and tip speed constant. 

db (change) = 10 Log.« (2) 

3. With size and tip speed constant. 

db (change) = / (Total Pressureoid — Total Pressurenew) (3) 

The factor / is a function of the fan type. For a centrifugal fan with 
backward curved blades/ = 9.6. For a single inlet single width type of 
ventilating fan with backward curved blades, the noise level at the fan 
discharge or intake operating at 4000 fmp tip speed and total pressure of 
1 in. may be approximately 65 db. The noise level of a double inlet 
width fan may be 3 db higher than a single width fan at similar conditions 


T.^ble 2. Attenuation in Straight Sheet Metal Duct Runs 


Duct 

Size, In. 

Attenuation 

PER Ft, db 


6x6 


, 

Medium 

24 X 24 

0.05 

Large 

72 X 72 

0.01 



Table 3. Attenuation of Elbows^ 


Elbow 

Size, In. 

Attenuation 

PER Elbow, db 

Vpiry small 

2 wide 

3 

Small 

3 to 15 

2 

M(^UiTn . _ ____ _ 

15 to 36 

1.5 

1 

Ijirge . 

36 + 



aThe attenuation in vaned elbows should be considered the same as in elbows having the same dimen- 
sions as the radius of curvature of the vanes. If the vanes are lined for the purpose of damping any vibra- 
tions in them, one third may be added to the above attenuation values. 


Table 4. Attenuation at Duct Branches or Outlets 


Ratio 

Branch Duct -{- Outlet Area __ Sum of Branch Areas 

Supply Duct Area Supply Duct Area 

Attenuation 

PER 

Transformation, db 

1.00 

0.0 

1.20 

0.8 

1.35 

1.3 

1.50 

1.8 

1.75 

2.5 

2.00 

3.0 
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Table 5. Approxim.yte .^tteku-^tiox Between Grilles and Room 


Outlet 

Velocity 

FPM 

Air Change 

Min-. 

Live RoomL 
offt = 0.05 

db 

Medil-m 
Roomc 
a = 0-15 
db 

Dead 

RooMd 
a = 0.25 
db 


5 

11 

16 

18 


10 

U 

19 

21 

500 

15 

16 

21 

23 


20 

17 

22 

24 


5 

13 

18 

20 


10 

16 

21 

23 

750 

15 

18 

23 

25 


20 

19 

24 

26 


5 

14 

19 

21 


10 

17 

22 

24 

1000 

15 

19 

21 

26 


20 

20 

25 

28 


5 

15 

20 

22 


10 

18 

23 

25 

1250 

15 

20 

25 i 

27 


20 

21 

26 

28 


aAlpha (a) is the average absorption coefficient for the room. 

hLive room average absorption coefficient 0.05. Bare wood or concrete floor — ^hard plaster walls and 
ceiling — minimum of furniture. 

^Medium room average absorption coefficient 0.15. Carpeted floor, upholstered furniture, hard 
plaster walls and ceiling or bare room with acoustically treated ceiling. 

dDead room average absorption coefficient 0.25. Heavy carpeted floor. Walls and ceiling acoustically 
treated. Upholstered furniture. 

of tip speed, total pressure, and size. For the same tip speed and size the 
noise level of a fan with forward curved blades is higher than for one 
with backward curved blades, however, the capacity of the fan with the 
forward curved blades will be greater. 


NATURAL ATTENUATION IN THE DUCT SYSTEM 

The natural attenuation existing in a duct system consists of three 
component parts which are described herewith. 

Straight Sheet Metal Ducts 

The attenuation of sound in straight sheet metal ducts is a function of 
the length, shape, and size of the duct. Attenuation values are given in 
Table 2. In general, this attenuation is so negligible except for long runs 
that it may be neglected for all practical purposes. 

Elbows and Transformations 

Due to reflective interference, attenuation will take place at elbows and 
transformations. The magnitude of the attenuation will depend on the 
size and abruptness of the elbow or transformation as shown in Table 3. 

When the area of a duct increases, an attenuation of noise level takes 
place in the duct. In duct design practice the total area of the branch 
ducts is greater than the supply duct. Similarly with outlets, the area of 
the outlet plus the area of the duct after the outlet is greater than the 
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duct area before the outlet. Therefore in an outlet run, attenuation 
occurs in the duct as it passes each outlet. Table 4 gives the db reduction 
for various ratios of total branch duct and outlet area to supply duct area. 

Grilles to Room 

The large abrupt change in area between the grilles and the surfaces 
within a room results in an appreciable noise attenuation. This attenua- 
tion is a function of the total grille area (supply and return) and the total 
sound absorption of the room in sabines, (The sound absorption of a 
room in sabmes is the summation of the products of each surface of the 
room measured in square feet multiplied by its corresponding absorption 
coefficient). The attenuation is given in Equation 4 as: 

/Attenuation betvveenX Total Room Absorption in Sabines ,,, 

grilles and room ) ^ Totd Grille Area 

\"alues in Table 5 approximate the attenuation for various rates of air 
change, and general types of room surfaces. 

DUCT SOUND ABSORBERS 

The difference between the required sound attenuation and the natural 
attenuation is that which must be supplied by the proper sound treat- 
ment of the ducts. 

Selection of the Absorptive Material 

When a sound wave impinges on the surface of a porous material, a 
vibrating motion is set up within the small pores of the material by the 
alternating sound waves. As the ratio of the cross sectional area of the 
pores to their interior surface is small, the resistance to the movement of 
air in the pores is large. This viscous resistance within the pores of the 
material converts a portion of the sound energy into heat. The decimal 
fraction representing the absorbed portion of the incident sound wave is 
called the absorption coefficient. Considerable absorption may also 
rpult, particularly in the low frequency range, from the flexural vibra- 
tions of the duct. In the selection (and application) of the absorptive 
material the several points should be considered. 

1. For the absorption of the low frequencies the material should be at least 1 to 2 in. 
thick. Thin materials, particularly when mounted on hard solid surfaces, will absorb 
the high frequencies and reflect the low. 

2. In order to take advantage of low frequency noise absorption by panel vibration, 
it is advisable to fasten the absorptive sheets to stripping so that the panels themselves 
may vibrate. However, the exact resonance characteristics of the panels and thus their 
absorption is so unpredictable that panel resonance cannot be relied upon for a specific 
value of attenuation. 

Sound absorption material for ducts should meet the several require- 
ments listed herewith: 

1. High absorption at low frequencies^. 

2. Adequate strength to avoid breakage. 


of commercial sound absorbent materials see Bulletin Acoustical Materials Association, 
yiy i\o. Micnigan Ave., Chicago, III. 
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3. Fire resistant — should comply with national and local code requirements. 

4. Low moisture absorption. 

5. Freedom from attack by bacteria and algae. 

6. Low surface coefficient of friction. 

7. Particles should not fray off at the higher design velocities. 

8. Odor free when either dry or wet. 

The discussion which follows covers the application and design of the 
various types of absorbers. For each absorber an attenuation formula or 
table is given which will give results as accurate as predictable under the 
present status of our knowledge. With every^ application the use of sound 
absorptive material should be considered in the dual function of insula- 
tion and sound absorption. It has been shown theoretically^ that the 
reduction, in decibels per linear foot, of sound transmitted through a duct 
lined with sound absorbing material is related in a rather complicated 
manner to the size and shape of the duct, to the frequency of the sound, 
and to the sound absorbing characteristics of the lining. Experimental 



Fig. 1. Absorption Plenums With and Without Sound Cells 


evidence likewise indicates that there is no simple formula involving 
the above variables which will apply accurately to all cases. 

The noise reduction varies to a considerable extent with the frequency 
of the sound. In calculating noise reduction, therefore, consideration 
should be given both to the comparative efficiency of the duct lining 
material at different frequencies, and to the frequency distribution of the 
noise to be quieted. In the case of fan noise, it is recommended that 
calculations be based on the frequency 256 cycles, since most of the noise 
energy is in the region of this frequency. In quieting noise due to air 
turbulence and eddy currents, in which the high frequencies predominate, 
the frequency 1024 cycles should be used. 


Plenum Absorption 

In systems, where individual ducts are directed to a number of rooms 
and sound treatment is required in every duct, a sound absorption plenum 
on the fan discharge as shown in Fig. 1, will often prove the most eco- 
nomical arrangement. The absorption in the plenum may be approxi- 
mated by Equation 5. 


dh (attenuation) — 10 logw 


Plenum Absorption in Sabines 
Area Fan Discharge 


(5) 


*Sound Propagation in Ducts Lined with Absorbing Materials, by L, J. Sivian {Journal Acoustical 
Society of America, Vol. 9, p. 1937). 
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The area of the plenum should be at least ten times as great as the fan 
discharge area. The plenum should be lined with 2 in. of muslin covered 
rock wool blanket or 1 in. sound absorbing board preferably nailed to 
wood strips on the inside of the plenum. (With such a lining the plenum 
is particularly eiffective in reducing low frequency fan noise.) The 
absorption of the plenum in sabines is the sum of the products of each 
interior area of the plenum measured in square feet multiplied by its 
corresponding absorption coefficient. 

Plate Ceils 

One of the most economical methods of applying sound absorbent 
material from the standpoint of both labor and material is the plate cell. 
The plate cell illustrated in Fig. 2 consists of or 1 in. sound absorbent 
board, spaced on 2, 3 or 4 in. centers. The attenuation given in Table 6 
depends on the spacing, depth, and the absorption of the material. At 
each end of the cell further attenuation results from the reflection of sound 



Fig. 2. Plate Cell Installed in Duct 


from the face of the cell. ^ An important objection to the plate cell is the 
increase in duct cross sectional area required. Often on the fan discharge, 
particularly with unitary equipment, where a number of branch ducts 
take off, the plate cell may be installed with little or no difficulty. The 
attenuation per foot of length for 1 in. board neglecting the end effect is 
given approximately by Equation 6. 


where 

R = attenuation, decibels. 

L = length of duct in linear, feet. 

5 == spacing between plates up to 3 in. 

a = absorption coefficient of plates. For value of a see Table 7. 


( 6 ) 


Duct Lining or Rectangular Cells 

One series of experiments® made on a commonly used type of duct 
lining material (1 in. rock wool sheet) has shown that, subject to certain 


Vo p^53^1940)°^ Ventilating Ducts, by Hale J. Sabine (Journal Acoustical Society of America, 
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Table 6. End Reflection of Plate Absorbers 

Percentage Free Area of Absorber 

Attenuation, db 

50 

1 

40 

2 

30 

4 

25 

5 

20 

6 


restrictions, the attenuation of single-frequency sounds may be expressed 
by the approximate Equation 7- 

R = 12.6 (7) 

where 

R — reduction, in decibels. 

L = length of lined duct, feet. 

P = perimeter of duct, inches, 

A ~ cross sectional area of duct, square inches. 

a — absorption coefficient of lining. 

This formula is accurate within plus or minus 10 per cent for duct 
sizes ranging from 9 x 9 in. to 18 x 18 in., for cross-sectional dimension 
ratios of 1:1 to 2:1, for frequencies between 256 and 2048 cycles, and for 
absorption coefficients between 0.20 and 0.80. In Table 7, the absorption 
coefficients at different frequencies of a material of the above mentioned 
type are listed, together with the corresponding values of Equation 7. 

Results of other experiments indicate, however, that Equation 7 may 
be in error when applied to other types of duct lining material and to duct 
sizes and shapes outside of the range specified. An empirically derived 
chart® representing the average experimental data on a number of different 
types of materials including the rock wool sheet mentioned as applicable 
to Equation 7 is shown in Fig. 3. Since individual materials vary some- 
what, the curves in Fig. 3 are given only as representing the best available 
averages for duct sizes of square cross-sections from 6 x 6 in. to 48 x 48 in. 
As an illustration, the dotted lines in the chart show values calculated 
from Equation 7 which indicate that the slope for this particular material 
is somewhat different than from the average curves. The curves in 
Fig. 3, as well as Equation 7, show that the reduction in decibels is 


Table 7. Decibel Attenuation Formulae for Typical Duct Lining Material 


Frequency 

Absorption Coefficient 

Reduction, db 

256 

0.37 

3.0 L P/A 

512 

0.69 

7.5 L P/A 

1024 

0.78 

9.5 L P/A 

2048 

0.78 

9.5 L P/A 


•The Prediction of Noise Levels from Mechanical Equipment, by J. S. Parkinson {Heating and Venti- 
lating, March, 1939, pp. 23-26). 
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directly proportional to the length of duct lined, and that the larger the 
duct the greater will be the length which must be lined in order to obtain 
a given noise reduction. 

If, as is often the case, the length of duct from the main duct to a grille 
is shorter than the length of lining indicated by the calculations, this 
duct may be sub-divided into smaller ducts, as shown in Fig. 4, The 
increase in noise reduction thus obtained may be calculated from Equation 
8, providing the splitters are installed parallel to the long side of the duct: 


( 8 ) 

where 

Rs = reduction with splitters, decibels. 

Ro = reduction in same length of duct, without splitters, decibels* 
a — dimension of short side of duct, inches or feet. 
b = dimension of long side of duct, inches or feet. 
n = number of channels formed by splitters. 



0.1 02 03 0.4 0.6 08 1 2 3 4 6 8 10 

ATTENUATION. DECIBELS PER FT 

Fig. 3. Sound Attenuation for Various Absorbing Duct Liners 


Exa?}iple 1. An air conditioning installation is to be installed in a small theatre 
Determine the necessary sound treatment for the air distribution system to provide a 
satisfactory noise level in the theatre utilizing these conditions: 


Fan tip speed 4000 f pm, total pressure 1.25 in 77 db 

Acceptable room noise level (Table 1) 40 db 

Required attenuation 37 db 

Solution: Natural attenuation of supply duct. 

Sheet metal duct 50 ft long 48 in. x 36 in. (Table 2) 50 x 0.01 0.5 db 

Elbows, two size 48 in. x 36 in. (Table 3) 2 x 1 2.0 db 

Attenuation grilles to theatre air change 10 min (Table 5) outlet 

velocity 1000 fpni._ 22.0 db 

Total natural attenuation 24.5 db 


Dilference between required and natural attenuation, 37 minus 24.5, is 12.5 db. This 
attenuation must be supplied by sound treatment in the duct, either in the form of duct 
lining or plate cells. 
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A similar analysis of the return duct system, shows that 15 db attenuation are to be 
furnished by absorptive material. An inspection of the installation shows that the 
lining of the plenum on the suction side of the fan would prove the most economical, 
where it would secure the dual function of heat insulation and sound absorption. 



Fig. 4. Diagram of Branch Duct Treatment Where Length 
IS Insufficient for Adequate Absorption 


Example A 10 x 20 in. duct is connected to a private office space in a quiet location. 
Determine^ the length of lining necessary to attenuate average fan noise satisfactorily, 
using a lining material of a type to which Equation 7 applies, and having an absorption 
coefficient of 0.40 at 256 cycles. Assume that the duct is only 12 ft long, and that a 30 
db reduction is required in this length. 

Solution: 

Case L (No splitters). 

From Equation 7, 

i?0 = 12.6 X 12 X — X 0.401* = 12.6 db 

Case 2. (Two splitters, three channels). 


From Equation 8, 



Fig. 5. Outlet Cells for Pan Outlets or Grilles 


Outlet Sound Absorbers 

Outlet sound absorbers are rectangular or plate cells installed directly 
behind an outlet or they may be the lining of a pan or plaque outlet. 
They are particularly effective in the elimination of high frequency 
whistles which are generated by air flow in the ducts. They are also 
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employed in large systems with long runs where only a few outlets near 
the fan require treatment. Frequently outlet cells are the only means of 
correcting existing noisy installations, as the duct sections directly behind 
the outlets may be the only sections acessible for treatment, (See Fig. 5.) 


GRILLE NOISE 

In the preceding discussion it is presupposed that the noise level 
generated at the face of the grille is less than the noise level of the fan 
minus the attenuation of the duct system up to the face of the grille. 
If this is not true the grille noise rather than fan noise then becomes the 
governing factor in room noise. Grille noise is similar in character to fan 
vortex noise. Knowing the noise level at the face of a grille for a given 
grille blade setting the noise will vary as: 

db change = 10 logw ' (9) 

\ ^ given/ 

Where V is the velocity of the air through the grille. For a change in blade setting; 

- .0 a„, 

The total pressure is measured directly behind the face of the grille. 
For a typical air conditioning grille the noise level at the grille face may be 
approximately 48 db with a total pressure behind the grille of 0.1 in. 
(Further discussion of grille noise is given in Chapter 31). If the grille 
noise at the face of the grille is more predominant than fan noise, then the 
resultant room noise level can be approximated by Equation 11. 


Room Level 


^oise Level at Face” 
of grille 


- ^ T Total Room Absorption in Sabines . 
Total Grille Area 


CROSS TRANSMISSION OF NOISE BETWEEN ROOMS 

Ducts serving more than one room permit cross talk between the rooms 
and should be lined with acoustical material. Where the rooms are close 
together and the ducts short, the ducts should be sub-dividedi to provide 
ample acoustical treatment. Lagging material similar in character to 
acoustical board, when placed on the outside of ducts serves to prevent 
noise originating outside the ducts being carried inside the ducts and into 
the air stream. 

A case where outside lagging is desirable occurs when ducts originate 
at the fan in the equipment room and pass through this room on the way 
to the room being conditioned or ventilated. Unless the ducts are lined 
some of the mechanical noise from the equipment room air may be trans- 
mitted through the wall of the duct, thus reaching the air stream and be 
carried into the room. In such cases, that portion of the duct which is 
exposed to the sounds in the equipment room should be lagged with 
material such as cork, pipe covering or other sound damping material to 
prevent the sound from entering the duct at this point. Numerical data 
are not available to permit a simple and practical calculating procedure 
to determine thickness of covering which should be used for this purpose, 
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Laboratory measurements have shown that the loss through a sheet of 
No. 22 gage metal is 24 db. When a sheet of rock wool insulation 1 in. 
thick and weighing 1.4 lb per square foot is added to this, the insulation 
value is increased to 29 db. In general, however, adding a layer of 
insulation or pipe covering does not materially increase the sound insula- 
tion value unless the material is dense, or unless it is surfaced with another 
sound impervious layer such as metal or board. Inside lining material 
used in the case previously . mentioned would serve as an absorber of the 
sound transmitted through the duct walls, and thus act as a means of 
preventing the transfer of noise into the air stream. Inside lining may also 
be used in ducts to absorb noise which reaches the air stream from equip- 
ment such as fans, sprays and coils; noise due to eddying currents set up 
by elbows, dampers and similar obstructions; and noise transmitted 
from room to room where there is a common duct system. 

GENERAL CONSIDERATIONS 

Often in ventilating duct work the engineer feels that it will not be 
necessary to line ducts if the sound is traveling against the airflow. 
However, this is untrue since sound travels more rapidly than air in even 
high velocity systems, and it will travel as easily against the airflow 
as it does with it. 

Sounds which are low in pitch are much harder to eliminate from a 
duct system than sound which is high in pitch, consequently equipment 
which produces low pitched sounds should be avoided as much as possible. 

NOISE THROUGH BUILDING CONSTRUCTION 

It is impossible to select equipment which will operate without pro- 
ducing some mechanical noise, and since the equipment must be mounted 
in a building, it is probable that a part of this noise will be transmitted 
to the building to such a degree as to make noisy conditions in the rooms 
which are to be air conditioned. 

Controlling Vibration From Machine Mountings 

Much of this noise may be transmitted by the duct if it is rigidly con- 
nected to the fan outlet. It is common practice to make the connection 
between the fan and the duct with a canvas sleeve which effectively 
restricts noise at this point. Noise may also enter the building through 
the mounting of the motor and the fan. Flexible mountings should be 
provided in all installations but these mountings must be carefully 
designed so that they will actually reduce the contact between the 
machinery and the supporting floor. If a flexible material is used, it is 
desirable to investigate the installation so that it is not short-circuited 
by through bolts which are improperly insulated and by electrical conduit 
which is not properly broken and is attached both to the equipment and 
to the building. The flexible mounting, if improperly engineered, may 
actually increase the contact between the equipment and the floor upon 
which it is supported. 

In the proper isolation of vibration, which is the lower range of fre- 
quencies and does not include the air home vibrations known as sound, 
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there is one basic law which is important in the solution of the problem. 
That is the law of transmissibility as governed by the equation: 

r - - 
1 

U'here 

T = transmissibility of the support. 
u = frequency of the vibratory force. 

xc’n ~ natural frequency of the machine unit on its support (Damping = 0). 

Equation 12 shows that the transmissibility approaches unity for 
disturbing frequencies considerably lower than the natural frequency of 
the mounting. As the disturbing frequency is increased the transmis- 
sibility is also increased until at the resonant frequency, where w = Wn 
the transmissibility becomes infinite. This is not true in practice because 
all materials have some internal damping effect. However, operating at 
or very close to the resonant frequency is always serious as forces and 
stresses may be multiplied 10 to 100 times. As the disturbing frequency 
becomes greater than the natural frequency the transmissibility becomes 
a smaller quantity and at the value of w/wn = it again has the value 
of unity. Beyond this point true isolation is first accomplished. At a 
ratio of 3 to 1 for w to Wn the isolation is effective enough for practical 
application, and experience and economical design has shown that a ratio 
of 5 to 1 is good. For high speeds, higher ratios for w to Wn are easily 
attained and give better results for effective vibration control but for the 
lower speeds as experienced with compressor work the higher ratios 
become uneconomical. 

For a given installation the speed of the compressor is fixed by the 
specifications, therefore the value of w is fixed. That leaves only Wn to be 
determined and that is accomplished by the choice of mounting material 
and design for the support of the machine. It is well to keep in mind that 
when trying to isolate vibration, no attempt should be made to isolate the 
driving and driven piece of equipment separately. The two should be 
mounted on a rigid frame and then the entire assembly isolated according 
to the rules presented in this chapter. 

The value of can be controlled by the flexibility of the machine 
support, and when the deflection of the machine support is proportional 
to the load applied (such as springs or nearly so with rubber in shear) the 
value of Wn can be determined by Equation 13. 

Wa = (13) 

where 

g = gravitational constant. 

d = static deflection of supporting material. 

w = radiams per second and may be converted to frequency (/) expressed in cycles 
per second by Equation 14. 




(14) 
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By the use of Equation 13 a set of curves may be plotted as shown in 
Fig. 6. The first line AB plotted as the critical frequencies for the various 
static deflections, is a curve showing the worst possible conditions or 
resonant conditions. 

Plotting another curve CD, which is times curv^e AB, shows the 
area MCDN in which the resilient material or mounting does more harm 
than good. Plotting two more curves EF, 3 times curve AB, and GH, 5 
times curve AB, shows area EGHF which represents efficient and eco- 
nomical isolation. Area GPOH is excellent isolation but for all except the 
highest speeds becomes rather uneconomical because of the large deflec- 
tions required. 


20 30 40 60 80 100 300 800 fioo 1.000 



FREQUENCY, CYCLES PER MINUTE 

Fig. 6. Static Deflection for Various Frequencies 

Example 3. An electric motor driven compressor unit is to be isolated. The com- 
pressor is partially balanced and operates at a speed of 360 rpm. The speed of the motor 
is 1160 rpm and is belt connected to the compressor. Total weight of the compressor 
and motor is 4500 lb. 

Solution: The minimum disturbing frequency to be isolated is 360 cycles per minute. 
Assume that the desired ratio of forced to natural frequency is 3 as a minimum and that 
5 is desired. The desired natural frequency of the mounting is 360 5 = 72 cycles 

per minute. 

From Fig. 6 a deflection of 7 in. is required to attain a natural frequency of 72 cycles 
per minute. This value may be obtained from critical curve AB for 72 cycles or from 
curve GE (5 times critical) for 360 cycles. For the minimum ratio of 3 the deflection 
would be 2.5 in. 

The next step is to determine the total weight to be supported by the springs. For 
low speed partially balanced compressors, it has been found necessary to add a founda- 
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tion weighing 2 to 3 times the weight of the motor and compressor, in order to maintain 
the machine movement below 0.03 in. 


Compressor and motor 4,500 lb. 

Concrete foundation 9,000 lb. 

Total- 13,500 lb. 


Practical application dictates the number of springs to be used, which is based on the 
design of the machine foundation and the supporting floor structure. However, it is 
desirable to design for at least 8 springs and one or two spares for cases of unknown 
weights. As many as 50 springs have been used on one installation. The distribution 
of the springs must be balanced against the masses to be supported, otherwise the 
foundation design and supporting structure determine the location of the springs. 

The choice of the material used in the design of the resilient mounting 
is also important. For the slow-speed type compressor a common speed 
found in practice is 360 rpm. For speeds below this, isolation should not 
be attempted except under careful supervision. Referring to Fig. 6, it is 
found that for 360 ^m the static deflection required for a ratio of wjwn 
of 3 to 1 (line EF) is 2.5 in. and for a ratio of 5 to 1 (line GIF) it is 7 in. 
For these values of deflection the only choice of material is the coil spring. 
This is also true for speeds up to about 700 rpm. In consideration of the 
transverse spring constant (so as to maintain good ratios among the 
various degrees of freedom) experience has shown that the spring should 
be designed with a working height equal to 1.0 to 1.5 times the outside 
diameter. A long spring of small outside diameter has very low transverse 
rigidity and therefore requires some additional means of preventing side 
drift of the unit and on very sensitive applications this may tend to 
destroy the isolation efficien^. For speeds of 700 to 1200 rpm the required 
deflections range from 0.22 in. to 1.75 in. For these conditions rubber in 
shear serves as a rather satisfactory material if protected from oil. For 
speeds higher than 1200 rpm cork can be applied with good results. These 
limitations are by no means absolute because with careful and well engi- 
neered installations, especially, in consideration of all six degrees of 
freedom, certain liberties may be taken and still good results accomplished. 

When a machine unit is properly isolated it will have a definite amount 
of movement which is determined by the ratio of the unbalanced forces 
to the total mass of the machine. If this resultant machine movement is 
too great for the necessary connections or the satisfaction of the customer 
it can be reduced only in two ways without destroying the quality of the 
isolation; first, adding mass or dead weight to the machine (such as 
concrete) common in the application of low speed, partially balanced 
machinery ; second, accurately balancing (both statically and dynamically) 
all moving parts so as to eliminate the vibration at the source. This 
latter method is the best engineering practice and is the modern trend. 
However, even with well balanced machinery, installed in the vicinity of 
quiet offices it is usually necessary to properly isolate the equipment to 
prevent the transmission of vibration likely to cause complaints. 

Where limitation of machine movement is desired during the starting 
and stopping periods, the application of friction or hydraulic damping 
will serve without seriously interfering with the efficiency of the isolation. 
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AUTOMATIC CONTROL 


Purpose of Automatic Control^ Types of Control, Central 
Fan Systems, Limit Controls, Static Pressure Control, Unit 
Systems, Control of Automatic Fuel Appliances, Residential 
Control Systems, Control of Refrigeration Equipment 


T his chapter is prepared with the purpose of acquainting the engi- 
neer with the principles underlying the use of automatic control, the 
general types and varieties of control equipment available and their 
application. 

Automatic control, properly applied to heating, ventilating and air 
conditioning systems, makes possible the maintenance of desired con- 
ditions with maximum operating economy. A properly designed and 
complete control system has the ability to interlock and coordinate the 
various functions of heating, ventilating and air conditioning in a manner 
impossible to accomplish with manual regulation. 

Automatic control is an integral and essential part of a heating, venti- 
lating or air conditioning installation and cannot be regarded as an acces- 
sory, In order to insure satisfactory results, the control should be designed 
with and incorporated in the heating, ventilating or air conditioning 
system. The control equipment should be given careful consideration in 
the planning of any installation in order that the entire system may 
operate together with satisfactory results. 

In order that proper selection and application of controlling devices 
may be made it is important that a broad understanding exist as to the 
types of control available and their principles of operation. Improper 
selection and application of control equipment will result in unsatis- 
factory and inefficient operation. Specific control devices and systems 
are described in the Catalog Data Section. 

PURPOSE OF AUTOMATIC CONTROL 

Automatic control is normally applied to heating, ventilating or air 
conditioning systems : 

1. To insure the maintenance of certain desired or required conditions of temperature, 
pressure, humidity, air motion or air distribution. 

2. To serve a safety function, limiting pressures or temperatures within predetermined 
points, or preventing the operation of mechanical equipment unless it may function 
without hazard. 

3. To produce economical results and thereby insure operation of the system at a 
minimum of expense. 
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TYPES OF AUTOMATIC CONTROL 
Operating Medium or Source of Power Supply 

Automatic control systems may be classified in three broad groups 
based upon their primary operating media or sources of power, as follows : 

1. Electric Control Systems. In such control systems the primary 
medium utilized to provide for the operation is electricity, and the basic 
function of these controls consists of switching or otherwise adjusting 
electric circuits to govern electric motors, relays or solenoids. The 
individual units of this type of system are interconnected by line voltage 
or low voltage wiring, and this wiring serves to complete the circuits 
carrying the commands of the controllers to the controlled valves or 
damper motors. 

2. Pneumatic Control Systems. In these systems the source of power for 
operation is compressed air, furnished by one or more centrally located 



Bt'Metaliic 
straight stnp type 



Bi-Metallic 
curved stnp type 


Fig. 1. Typical Thermostatic Elements 


compressors, and distributed in special piping to the controlling and con- 
trolled devices. The pressure is varied by the controlling instruments and 
this variation operates the controlled devices, which may be valves, 
damper motors, relays or electric switches. 

3. Self-Contained Control Systems. In self-contained control systems, 
Idle primary source of operation is the vapor pressure of a volatile liquid 
in the clo^d thermal system of the controller, which is increased or 
decreased in direct proportion to variation of the temperature in the 
controlled medium. These pressure changes are transmitted directly to 
the control valve or damper motor. Applications consist of valves or 
dampers to regulate the flow of heating or cooling media to coils, radiators, 
or liquid tanks, as determined by the controller element. 

Typical thermostatic elements are shown in Fig. 1. 

Motion of Controlled Equipment 

Automatic control equipment can also be classified into two general 
types with respect to the characteristics of the motion imparted by the 
controls to the controlled equipment, such as two position or positive- 
acting control and modulating or graduated-action control. 
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In any control system it is necessary to choose the type of equipment 
of which the characteristics permit the type of control operation desired 
and in many cases both types of control are used in the same system to 
best meet various requirements. 

1. Two Position or Positive-acting Control. This type of control operates 
positively between two positions such as on and off or open and closed 
with no intermediate positions or degrees of motion between the two 
extremes of operation. A simple thermostat which starts and stops an 
oil burner or a unit heater motor is an example of this type. As applied 
to a valve or a damper, the action of the controlling device would serve 
to fully open or fully close the valve or damper. 

In some applications of this type of control, artificial heat is applied to 
the sensitive element of the room thermostat at the same time that heat 
is being added to the space under the control of the thermostat in order to 
produce more frequent operation. This usually results in more accurate 
control of the heat source. 

2. Modulating or Intermediate Control. This type of control causes 
motion in the controlled device in proportion to motion caused in the 
controller by fractional degree variations in the medium to which the 
controller is responsive. After a fractional change has been measured at 
the controller and has effected a new position of the valve or damper in 
proportion to the amount of such change, the system stands by awaiting 
further change at the controller before any additional motion occurs. 
The extent of the motion is limited only by the limits of the controller and 
by the intensity of the change of conditions as measured. With this type 
of control, the damper or control valve may be operated in intermediate 
positions between its extreme limits in order to properly modulate or 
proportion the flow of air, steam or water, reacting with changes of con- 
ditions at the controller. Various modifications of this type of control are 
available, designed to meet special requirements and conditions, all based 
on operation of the controlled equipment in intermediate positions. 

These controlling devices may be made to operate relatively faster or 
slower for any change in condition of the fluid being controlled. For 
example, a thermostat modulating a damper may move it from one 
extreme to the other in one degree temperature change, or many degrees 
change may be required to produce this same action. This characteristic 
is sometimes called the sensitivity of an instrument. The sensitivity may 
be fixed, or adjustable. 

This type of control motion cannot be used on valves of one-pipe steam 
systems as the partial opening of the valves will not permit the condensate 
to escape against the flow of incoming steam. Where this type of control 
is used to control the flow of steam to a heater coil of a fan system which 
is in the direct path of untempered outdoor air at temperatures below 
freezing, care should be taken that the control point and operating char- 
acteristics of the regulator are such that the valve is open far enough, at 
air temperatures below freezing, to prevent the freezing of condensate in 
any part of the coil. 

Control for Individual Rooms and Small Buildings 

Control systems vary considerably with the type, size and occupancy of 
the building, and with the heating or cooling system, humidity supplying 
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equipment and ventilating means available for control. In the following 
paragraphs the general requirements of two types of control are discussed. 

1. Individual Room Control The most accurate and flexible form of 
control for any structure is that calling for the regulation of each indi- 
vidual room by control equipment reacting to conditions in that room 
only. Such control necessitates a thermostat in each room, located to 
properly measure the conditions of the room, controlling the radiator, unit 
heater, damper, unit air conditioner or other heating or cooling source, for 
that room. This arrangement permits the maintenance of any desired 
conditions in any room, entirely independent of any other room. In the 
case of large rooms, where one thermostat location will not serve to 
properly measure the conditions throughout the room, and where two or 
more sources of heating or cooling are provided in the room, additional 
thermostats may be used, each controlling its respective section. This 
form of control, due primarily to the number of control devices required 
over the entire building, normally is the most expensive. However, where 
maximum flexibility and the most accurate control are desired, individual 
room control should be used. 

Room thermostats are available for various functions. Dual thermo- 
stats operate heating devices at normal temperatures during periods of 
normal occupancy but at low^er temperatures, for economy, at other 
times. The change-over may be by clock or manual switches, and one or 
any number of thermostats may be on a single switch. Summer-Winter 
thermostats, as described for All Year Central Fan Systems, are used for 
reversing the operation of certain dampers or valves to make them 
function for both heating and cooling. 

One precaution to be observed in the location of room instruments is to 
make sure that each is in control of all the heating and cooling devices 
that affect its temperature, except where two thermostats are used to 
operate at different temperatures. 

2. Single Thermostat Control A great majority of the buildings under 
automatic control have the comfort temperature maintained by a single 
thermostat operating directly on the source of heat or cooling for the 
entire building. In average size residences and in other small buildings, 
it is possible to select a thermostat location which will give entirely 
satisfactory results throughout the structure. This location must be one 
which truly represents average conditions and one which will not have 
unusual temperature effects. For example, a thermostat near an outside 
door may function improperly when the door is open. After the proper 
location is^ selected, the system is balanced to provide the proper tem- 
perature distribution. 

Details of control by single thermostats will be found under the heading. 
Control of Automatic Fuel Appliances, in this chapter. 

Zone Control 

As^ the size of buildings increases, it becomes increasingly difficult to 
provide proper regulation for the entire structure from a single thermostat 
control. In such instances, where the advantages of individual room 
control are not obtainable by reason of its cost, an intermediate form of 
control system is available, commonly described as zone control. In this 
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form of control system a building is divided into areas or zones such that 
the general requirements and the general conditions through the areas are 
relatively constant as to exposure and occupancy, and then each zone is 
provided with control equipment which functions to regulate the con- 
ditions in that particular zone. As in the case of individual room control, 
each zone may be regulated to its own needs which may vary from the 
needs of other zones within the same structure. 

The number of zones to be used is determined by several factors, 
such as r 

1. Size of building. 

2. Number and character of exposures. 

3. Variation in occupancy or other inside conditions. 

4. Cost of additional zones. 

The greater the number of zones, the closer is the approach to the results 
and cost of individual room control. However, zone control has advan- 
tages even where individual room control is installed as it lightens the 
work of the room control. With room control, fewer zones are needed. 
In buildings of large floor area, it is usually desirable to have a separate 
zone for each exposure. If one wall is protected by an abutting building 
for half its height, two zones may be necessary. First floor conditions 
may vary enough from those of the rest of the building to justify a 
separate zone. In large buildings with several exposures toward any 
compass point, as occurs in wings and courts, all the northern exposures, for 
example, may be put on one zone control, or each north wall may have its 
own control. Court exposures are apt to be affected by surrounding walls 
and thus to require separate treatment. 

In high buildings it is often important to consider zoning for stack or 
chimney effect in winter, caused by the difference in density between the 
warm air on the inside of a building and the colder air on the outside. 
Where the lower eight or ten stories are protected from winds by sur- 
rounding buildings, it may accentuate the need for zoning to correct the 
chimney effect, and on windy days there will be a mai’kbd difference in the 
heat requirements for the different horizontal sections at different eleva- 
tions. An arrangement to provide for difference in heat requirement for 
exposure and chimney effect would give 12 zones; namely, north, east, 
south, and west lower, middle and top zones. 

For steam heating systems the automatic control arrangement varies 
with the means of obtaining reduced temperatures. Some of the methods 
in common use are described in Chapter 14. From the control standpoint 
they are classified as follows: 

1. Throttling steam to allow flow in proportion to the needs for heating. 

2. Turning the steam on and off, leaving it on for longer or shorter periods as required, 

3. Varying the pressure differential between supply and return lines, and varying the 
absolute pressures in both, so as to change the amount of steam passing through the 
radiators, due to the differences in pressure drop and due to the differences in volume 
per pound of steam. 

The controlling thermostats may be inside or outside instruments or a 
combination of the two. Ordinary inside thermostats alone are likely to 
give disappointing results because an unusual condition at the thermostat 
upsets the whole zone, and because a slight temperature drop may allow 
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too much steam to pass before its heating effect reaches the thermostat. 
Therefore some device is needed to vary the flow in accordance with the 
weather. This may be a simple long range thermostat that restricts the 
flow as the weather moderates, or one that turns the steam off and on, on 
oftener and for longer periods in cold weather. One device is designed to 
directly control radiator temperatures at progressively lower points as the 
weather becomes warmer. Alost outside thermostats have provision for 
sun and wind effect. They do not produce close control of indoor tem- 
perature, and are usually accompanied by hand switching devices for 
raising and lowering the control point, where individual room control is 
not included. They are, as stated previously, valuable adjuncts of 
room control. 

For a hot water heating system, zone control consists of an outdoor 
thermostat var\'ing the temperature of the water in accordance with the 
weather. This may be done by changing the amount of heat applied to 
the water, or by mixing hot water wdth recirculated water so as to produce 
the proper temperature. Inside zone thermostats may be used to correct 
improper action of weather thermostats, or, where only one outside 
instrument is used for a number of zones, to start and stop circulating 
pumps in accordance with the demand for heat in the various zones. 

For both steam and hot water systems, zone control is primarily to 
reduce the general heating effect in moderate weather. Thus the term is 
used to describe a type of control system, though a building may have 
but a single zone. 

In air conditioning systems, zone control may be applied to separate 
fan systems in different parts of a building or to two or more sections of 
the air distributing system from a single fan. The zone thermostat may 
be room type, or insertion type located in the return air duct from the 
zone. Where each zone has its own fan, the control may be the same as 
for an independent system. If one fan serves more than one zone, there 
will be heating and cooling coils for each, or a damper to mix air volumes 
of two temperature^l to provide the proper conditions for the zone. 

Zone control for an all-year air conditioning system presents problems 
that do not arise in either the heating or the cooling cycle alone. As a 
zone is normally selected for similarity of conditions, and the distribution 
of teniperature effect to the various rooms adjusted so that one control 
point is sufficient, it is important that the similarity of conditions applies 
equally to heating and cooling. Two rooms that have like heating loads 
and that work well together in the heating season, may have entirely 
different cooling^ loads. This difficulty can be overcome by the use of 
sub-zones or individual room control where necessary. 

CENTRAL FAN SYSTEMS 

Central systems for air conditioning are described in Chapter 21. 
For explanation of the control problems for such systems, the various 
functions, such as heating, humidification, and cooling, are treated 
independently. 

Ventilating Systems 

^ A control system for a central fan ventilating system using all outdoor 
air and discharging air at a predetermined temperature is illustrated in 
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Fig. 2. Thermostat T\ located in the outdoor air intake is set just above 
freezing, and controls valve Fi on the first heating coil. This arrange- 
ment, where the valve is held completely open or closed to avoid danger 
of freezing, must be used where the coil is not specially designed for 
uniform steam distribution across its face. The by-pass damper around 
the heaters and the other two valves W and Vz are controlled by ther- 
mostat T 2 located in the discharge duct from the fan. When the tem- 
perature of the discharge air is too high, To closes Vz and F 2 , gradually 
and in sequence, then if Fi is open and supplying too much heat, T 2 opens 
the by-pass damper. The control of the damper and valves F 2 and Vz 
must be gradual to prevent wide fluctuation in temperature. 

In ventilating systems it is customary to supply air to the ventilated 
spaces at an inlet temperature approximately equal to the temperature 
maintained in the rooms. The radiators therefore are designed to take 
care of all the heat losses from the rooms and in order to maintain con- 
trolled room temperatures it is necessary to control the radiators inde- 
pendently of the ventilation control. 


Inseiton thermostat 



Fig. 2. Control of a Central System for Ventilation 


In central fan systems, air washers are sometimes used and in such 
cases, due to the effect of temperatures on humidity, additional control 
is required. The heating coils are then divided, one or two at the inlet 
and usually two at the outlet, generally called preheaters and reheaters. 
There should be no by-pass under the former, because of the danger of a 
stratum of cold air freezing the water. To rnaintain relative humidity at 
a constant point a dew-point thermostat is inserted into the air stream 
between the two sets of coils, to control the preheaters. Cold air control 
of preheaters cannot be used because at temperatures just below freezing 
a standard heating coil, which will protect an air washer against freezing 
in zero weather, will give a too high dew-point temperature. Therefore, 
the one or two preheater coils must be controlled from the dew-point 
thermostat. This is preferably placed at the discharge side of the washer 
and set for about 40 or 45 F. As there is some cooling effect from the 
water, this provides a slightly higher temperature leaving the coils. In 
such cases, the throttled steam must be fairly uniformly distributed 
across the face of the coil, to prevent a stratum of cold air that would 
freeze water in the coil or in the washer. 
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Heating Cycle 

Similar fan systems are used for heating, as well as for ventilating 
occupied spaces, by increasing the number of coils to four or five. Where 
they are all installed together the control remains the same as shown in 
Fig. 2, and the additional coils are controlled directly from a room ther- 
mostat which also causes r 2 to turn on full heat while the room is cool, 
but to function as described previously while the room is warm. This 
facilitates rapid heating of the room, after a vacant period. 

An alternate plan is the use of a fan discharge thermostat whose 
control point can be automatically varied, and a room thermostat to 
reset it. Thus when the room is cold, air is delivered at a maximum tem- 
perature designed for rapid heating, and when the room is too warm, the 
air is kept as cool as can be safely introduced, or as the weather permits. 
The discharge temperature varies between these two extremes at the 
command of the room thermostat, until it finds the proper point for the 
existing conditions. This makes it unnecessary to vary the fan discharge 
thermostat manually to prevent overheating in moderate weather, or 
chilling in cold weather. 

The heating coils are often separated into two groups, one at the 
suction side of the fan, controlled as shown in Fig. 2, and the other on the 
down stream side of 72, controlled from the room. Control T% is then 
called the tempered air thermostat. 

In all types of fan heating systems it is desirable to have the tempered 
air thermostat in the fan discharge where stratification has been broken 
up by the fan. 

Where a fan system supplies heat to several rooms or zones that require 
separate treatment, the tempered air control can remain as in Fig. 2, and 
the variation can be supplied in any of the following ways: 

1. By installing a separate duct to each zone, and using individual heating coils, each 
under control of its respective room thermostat. 

^ 2. By installing double chambers at the fan discharge, only one of which is supplied 
with additional heating coils. Individual room or zone ducts have mixing dampers 
which allow air to be taken from the warm air chamber, the tempered air chamber, or 
both, as demanded by their respective room thermostats. With this arrangement, 
precautions must be taken to prevent the warm air from being churned back and into 
the tempered air while a number of the mixing dampers are calling for the latter. If the 
warm air is controlled at a constant temperature under all conditions, the coils should be 
placed not less than 8 ft from the fan discharge and the dividing plate extended back 
several feet toward the fan. A good solution for the problem is to use an automatically 
adjusted thermostat in the warm air chamber, controlled by an outdoor thermostat so 
as to carry maximum warm air temp)eratures in the coldest weather and minimum in 
moderate weather. 

3. By using a trunk duct, and varying the amounts of air delivered, by dampers at 
individual outlets or for the various zones. If a minimum amount of air is required for 
ventilation, the dampers must not close entirely. Thus to prevent over-heating, the 
trunk duct temperature must be varied according to the weather, as previously described. 
Also static pressure control may be needed. See a subsequent sub-head for a more detailed 
discussion of this subject. 

Case 1 is illustrated in Fig. 3. Thermostat T in the fan discharge con- 
trols outside and return air through damper motors Di and Ai face anr| 
by-pass dampers through damper motor A and the steam supply to a 
heating coil through valve Fi. By having the face damper closed, and 
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the by-pass open, before steam is throttled, there can be no danger of 
freezing the coil. Thus the Dz operation is completed before Vi starts. 
However, the relationship between Di and D2 controlling the amount of 
recirculation, and Dz regulating the amount of steam heat added, depends 
on the design of the ventilation system. If the maximum amount of 
outside air is desired for ventilation, and return air is used only when 
insufficient steam is available, Di and operate to bring in all outside 
air before Dz starts. ^ On the other hand if greatest heating economy is 
desired and full outside air is to be used only to prevent overheating, Dz 
completes its motion to close the face damper, before Di and Do start. 
Any relationship can be attained between these two extremes. Relay R 
prevents T from closing the outside damper completely, when a minimum 
of outdoor air is required during operation. Valves V2 and Vz control the 
steam supplied to booster coils for two zones, in accordance with the 



Fig. 3. Control of a Central System for Heating and Humidification 

requirements of room type zone thermostats, not shown in the diagram. 
Humidistat iJ, in the return air, regulates the amount of water supplied 
through F4 to the spray heads. 

Humidification 

Humidification with air washers has been mentioned in connection 
with control of ventilating systems. Where ample room air change is 
provided, it is generally assumed that the dew-point of the conditioned 
space will soon equal that of the delivered air. This is due to exterior 
walls, especially glass, being less pervious to vapor flow than to heat 
transmission. With partial recirculation, dew-point control prevents 
over- as well as under-humidification, for ordinary installations. 

Where air washers are not used, humidification may be accomplished 
by water sprays, preferably with heated water; by steam heated water in 
pans; or by steam jets, if their odors are not objectionable. Sub-atmos- 
pheric steam cannot be used, of course, for jets, and is not of much more 
value in coil heated pans. In all these cases the control is obtained by 
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humidistats, usually placed in rooms or in return air ducts. In venti- 
lating systems the controlling instruments may be put in the fan discharge 
for results comparable with dew-point control. However, as hygroscopic 
elements are actuated by relative humidity they cannot be used with 
discharge temperatures that have been raised to supply heating effect. 

Humidity control in cold weather is complicated by the danger of 
causing condensation or frost on windows and exterior walls, when other- 
wise desirable relative humidities are obtained. For satisfactory results 
in buildings that are not specially designed to prevent cold interior wall 
and glass surfaces, it is necessary to maintain lower humidities in very 
cold weather. This is done automatically either by an auxiliary humidi- 
stat mounted at a window to prevent condensation at that point, or by 
using a type of room or duct humidistat that is reset by an outdoor 
thermostat to maintain gradually drier conditions as the weather gets 
colder. 

Cooling Cycle 

Although central systems are occasionally used for cooling and dehu- 
midifying only, the control features are essentially the same as for 
complete air conditioning systems. Where control of room conditions is 
obtained by varying the quantity of cooled air, as in a trunk duct system, 
individual room or zone thermostats operate volume dampers. It is 
customary to have these installed with a stop to prevent shutting off the 
air supply entirely, the reduction being from 40 to 60 per cent of the 
maximum delivery, depending on the design of the system. Later 
described control of the temperature of the air prevents over-cooling with 
the minimum supply, and the damper variation is normally sufficient to 
handle the distribution of the cooling effect throughout the area supplied 
by the fan or trunk duct. 

In cases where systems and outlets are designed for particular velocities 
for proper room diffusion, volume dampers tend to produce undesirable 
results, by changing these velocities. Partially closed dampers reduce 
volumes in their ducts and increase volumes elsewhere. Trouble from too 
little air can be reduced by having the dampers close off, in one way or 
another, a part of the grille openings, thus maintaining approximately the 
same velocity through a smaller grille area. Trouble from increase of 
static pressure, due to reducing air volumes delivered, can be corrected by 
static pressure control, as described under a separate subheading in this 
chapter. 

In installations where constant volumes of air are desired, and in- 
dividual ducts are run to each room or zone, as shown in Figs. 3 and 5, of 
Chapter 21, air temperatures are varied as for the heating cycle, by room 
thermostats operating (1) mixing dampers which take air from either or 
both of two chambers, one of which has been cooled to the minimum 
temperature ever required ; (2) booster cooling coils, one for each duct, in 
which the refrigerating medium can be turned on or off, or modulated; 
(3) individual by-pass dampers around booster cooling coils which are 
kept at a constant temperature; or (4) reheating coils which in times of 
light cooling load add heat to air that has been cooled to the minimum 
temperature required. 

All these arrangements apply where one* fan supplies more than one 
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room, or zone, and consequently the temperature-varying devices are 
downstream from the fan. The remainder of the control for the system is 
concerned with maintenance of conditions at the fan and is similar to 
what is used where a fan system is treated as a single zone. 

Air washer cooling and dehumidification is commonly controlled by 
pumping the spray water through, or around a water cooler, with a dew- 
point thermostat operating a mixing valve which regulates the amount of 
water by-passing the cooler. An alternate scheme is to put cooling coils 
in the air washer spray or the pan, and to control the temperature of the 
coil.^ In both cases control of relative humidity is obtained by main- 
taining a constant dew-point temperature and thus a constant amount 
of water vapor per cubic foot of air handled. On account of this humidity 
factor, air leaving the washer must be reheated. As explained in Chapter 
21, this is done, (1) by passing uncooled air around the washer^ with 
thermostatic control of the proportion of uncooled air; (2) by adding 
heat by means of an automatically controlled coil ; or (3) by allowing the 
room air to provide the heat by diffusion, in which cavse, still assuming a 
constant volume of air, the only means of dry-bulb control is the raising 
and lowering of the dew-point temperature, and hence the relative 
humidity. 

Heat transfer surface coils, now more frequently used for cooling and 
dehumidification, are of either the direct expansion or cold water type. 
The former may be controlled by starting and stopping or unloading the 
compressor, by opening and closing a valve in the liquid line, by throttling 
the expansion valve, by throttling the suction line, or by raising and 
lowering the coil pressure, and temperature, through operation of a back 
pressure valve. The cold water type coils are controlled by valves to 
regulate the flow of water. They may throttle the flow, or they may be 
of the three-way type that allows a uniform flow but by-passes any 
necessary amount around the coil. Where well water pumps are operated 
only for cooling coils, control is added to stop them while cooling is not 
needed, but if they serve other purposes, they continue to run and the 
water is controlled by throttling valves. 

The control with all types of coils may include a damper in an air 
by-pass^ around the coils, with or without one over the face of the coils. 
If the installation is large enough to justify the use of two or more coils, 
side by side, the special air by-pass may be omitted and similar results 
obtained by closing the coils in sequence. The controlling instrument in 
all these cases is a thermostat in the room, return air, or fan discharge, 
whether the system serves one zone or several. In the latter case, a 
thermostat in the return air or in the fan discharge serves as a primary 
control, and the final control of room conditions is obtained with the 
zone thermostats. 

Room or zone control in the cooling cycle is commonly provided by 
thermostats which operate at varying points depending on the weather. 
This takes care of the difference in optimum temperatures for the heating 
and cooling seasons and also of the objection to maintaining too high a 
differential between indoor and outdoor temperatures in hot weather. 


1 Patents exist covering the by-pass method. 

2Loc. Cit. Note 1. 
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A thermostat sensing outdoor conditions is used to reset inside tem- 
peratures, raising them gradually to a point from 5 to 15 F below the 
highest outside temperature. This differential depends on the type of 
occupancy. Temperatures should be maintained so as to avoid too great 
a change for anyone entering or leaving. In large buildings, gradually 
lower temperatures at increasing distances from entrances and exits can 
be arranged. See Chapter 2 for general remarks about proper tem- 
peratures. 

Except in the case of dehydrating systems, independent humidistatic 
control of dehumidification is seldom provided. Air washer systems as 
already described, are provided with dew-point thermostats. Cooling 
coils may be designed for proper proportion of sensible and latent heat 
removal so as to give satisfactory relative humidity when only the tem- 
perature is controlled. For a small installation, without by-pass or other 
reheat, a room thermostat and humidistat are sometimes arranged to 
provide cooling until both the temperature and humidity requirements 



Fig. 4. Control for a Dehydrating and Cooling System 


have been satisfied, and a second thermostat is used to prevent excessive 
cooling by the humidistat. The cooling may be regulated by a combina- 
tion of temperature and humidity that approaches effective temperature, 
by causing the relative humidity to gradually readjust the temperature 
control point, higher for dry air. 

Control of Refrigeration. Room or duct conditions may start, stop and 
unload the refrigerant compressors directly, or may operate only at the 
evaporators. In either case other controlling instruments are used for 
the refrigeration, as described under the general heading, Control of 
Refrigeration Equipment. 

Control of Direct Dehumidifiers — Dehydrators. Absorbent and adsorbent 
types of conditioning systems have the dehumidification controlled by room 
or return air humidistats. Since these processes are capable of producing 
relative humidities much below the desired point, only a portion of the 
air may be treated and a by-pass damper, controlled by the humidistat, 
used to vary this portion. The control of water cooling coils is similar to 
that previously described, except that the additional coil, used to extract 
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the sensible heat transformed from latent by the process, can use cooling 
water leaving another coil. That is, water leaves the main cooling coils at 
a low enough temperature to do the requisite cooling for the high tem- 
perature air. In order to have water available at both coils, the control 
valves at each are of the three-way type. As this allows free flow of water 
at all times, a normally closed valve can be installed in the water line and 
controlled by a thermostat varying the flow to maintain a suitable 
temperature. By connection to the fan motor circuit the valve can be 
kept closed while the system is not in use. 

Some of these features are shown in Fig. 4. Humidistat H, on rising 
humidity, simultaneously starts the dehydrator and its fan through relay 
R, positions three-way valve Vi to permit water to flow through the 
aftercooler, and closes damper D to increase the resistance in the main 
duct so as to reduce any tendency of the dehydrated air to short-circuit. 
Outside air and return air dampers, commonly used, are not shown. 
Their operation is as described for Fig. 3, except that for the summer 
cycle, the outside air is fully opened before V 2 turns on the main cooling 
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Fig. 5. Control for an All Year Central System 


coil, and a wet-bulb or similar thermostat in the intake cuts the outdoor 
air to a minimum when its wet-bulb temperature is greater than that of 
the return air. 

All Year Systems 

All year systems combine the features described for heating and cooling 
cycles, and have provisions for spring and fall conditions. Complete 
automatic control of all year systems incorporates an automatic change- 
over between the cooling and heating cycles. If the installation neces- 
sitates operation of a manual switch or other change-over device between 
the heating and cooling cycles, then the control system is semi-automatic. 
The full automatic change-over between cycles becomes particularly 
desirable in the early and late portions of the cooling and heating seasons, 
when heating and cooling may be required alternately. 

For all year systems, a single thermostat may be used for both heating 
and cooling cycles, as shown in Fig. 5. In this diagram, T 2 regulates the 
amount of recirculation through damper motor D, the amount of steam 
by valve Vi and the amount of chilled water by F 2 . As the temperature 
rises, Vi first operates completely to close off the steam; next, outdoor air 
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quantities are increased from a minimum, if the outdoor temperature as 
sensed by Tz is low enough to provide cooling; and finally chilled water 
valve F2 opens. Control however, operates, not at a constant tem- 
perature, but at a point varying from the minimum required in warm 
weather to the maximum required for heating. The variation is effected 
by Ti in the return air, which raises and lowers the control point of r2 
until the proper return air temperature is obtained. During the heating 
and intermediate seasons, T\ operates at a constant point, but in the 
cooling season it is readjusted by outdoor air thermostat Z'4 to provide 
higher indoor temperatures. Room humidistat H opens valve Vz on 
falling humidity to turn on the water sprays. As inside humidities in 
summer are normally higher than required in winter, the sprays are 
automatically kept closed. 

Five diagrams of large central systems are shown in Chapter 21. 
The arrangement of coil and sprays diagrammed in Fig. 1 requires control 
as just described, except that if the cooling coil is of the direct expansion 
type, the refrigeration is controlled as explained in this chapter under 



Fig. 6. All Year Zone Control with Booster Heating Coils and 
Volume Dampers 

Cooling Cycle. In Fig. 2, a dew-point thermostat near the eliminator 
plates, on a rising temperature first turns off the preheater and then turns 
on the water cooler. A return air or fan discharge thermostat controls 
the reheater coil, and the return air and by-pass dampers. Assuming that 
the coil is not heated in summer, the by-pass damper is opened and the 
return air damper closed to provide reheat. In winter, provision must be 
made to keep the by-pass damper closed, or to reverse its operation to 
prevent by-passing the coil when heat is required. 

The temperature at the primary fan in Fig. 4 is maintained 10 F or 
more below desired zone temperatures throughout the year, to allow cor- 
rection of overheating in winter. In summer this setting is further 
reduced, to cut down the amount of outside air required for cooling and to 
provide sufficient dehumidification. The zone thermostats thus call for 
more return air for reheat. 

Where the internal cooling load is great, an arrangement as shown in 
Fig. 6, of this chapter, has some advantages. Air entering the fan is con- 
trolled at about 65 F by operation of a steam valve and outside and 
return air dampers, so long as weather permits. In summer the refrig- 
eration is turned on at a somewhat higher temperature, as required. 
Booster heating coils, low limit thermostats, volume dampers and room, 
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or return air, thermostats are installed for all zones, as shown. Volume 
dampers are adjusted with a minimum position that will supply sufficient 
air quantities for heating. While a zone is too cold, Ti holds D in mini- 
mum position and steam valve Fwide open. On rising zone temperature, 
the steam is first gradually turned off, and if internal heat sources cause 
the temperature to build up, D gradually opens to increase the amount of 
cool air delivered. Control is set for the minimum temperature at 
which air can be introduced into its zone. 

If heating as well as cooling is supplied only by the fan system, and 
zone control is by volume dampers, special instruments known as summer- 
winter thermostats are required to open the dampers on falling tempera- 
ture in winter and on rising temperature in summer. Such instruments 
are also used similarly to operate valves which supply hot water in winter 
and chilled water in summer, 

Economizer Controls. Although the saving of fuel or power is one of the 
reasons for using any automatic control equipment, there are some appli- 
cations where this is the sole reason. For example, central fan systems 
are usually designed to use all outdoor air, or as much as required, while 
it has suitable characteristics, for economical operation. Except for cases 
such as chemical laboratories where return air cannot be economically 
used, dampers are placed in both the return air and outdoor air ducts to 
regulate the amount of air used from each. These may or may not be 
mechanically interconnected but are arranged so that as one opens the 
other closes. Where a minimum amount of outdoor air is needed for 
ventilation requirements, the control of dampers may include a relay 
to prevent closing the outdoor damper beyond a certain adjustable point 
or this damper may be divided into two sections, only one of which 
operates with the return air damper. Another relay connected to the fan 
motor circuit operates the minimum outdoor opening, in either case, as 
the fan is started and stopped. Usually it also places the remainder of 
the dampers in recirculating position when the fan stops and leaves them 
under control of their thermostats while the fan is running. 

The control of recirculation is from thermostats. Since the outdoor 
air, in excess of the minimum required for ventilation, is used for cooling, 
the dampers are commonly interconnected with other cooling devices, so 
as to gradually increase the amount of outdoor air, and no refrigeration is 
turned on until the possibilities of natural cooling are exhausted. So long 
as the wet-bulb temperature outside is lower than that inside the more 
outdoor air used during the cooling cycle, the lower the operating cost. 
However, as soon as the wet-bulb temperature of the outdoor air exceeds 
that inside, its use should be reduced to the minimum. This is done 
automatically by the conditions of the outdoor air as sensed by : 

1. A wet-bulb thermostat. 

2. A dry-bulb thermostat readjusted by a humidistat to produce operation ap- 
proaching wet-bulb control. 

3. A dry-bulb thermostat and a humidistat working together, either one of which 
may throw the dampers to recirculating position. 

4. A dry-bulb thermostat, alone. 

These items are listed in order of importance, from a theoretical stand- 
point, but practical considerations reverse the order. A wet-bulb ther- 
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mostat must be removed, or protected from damage, in sub-freezing 
weather. A dry-bulb thermostat is the most dependable under all con- 
ditions, and is generally sufficient for small installations. However, the 
considerably greater economy of wet-bulb or similar control justifies its 
use for the larger installations. 

Limit Controls, There are certain limiting devices which are not con- 
cerned primarily with final room conditions but are necessary safety 
features. High and low limits for refrigeration pressures are described 
under Control of Refrigeration Equipment. Limit temperature controls 
are often used with heating coils exposed to sub-freezing air, to prevent 
freezing the condensate. Where there is danger of lack of steam pressure, 
a thermostat should be placed in the system to stop the fan or close the 
outdoor air damper when heat is not available. 

The tempered air thermostat described under the Heating Cycle 
serves as a low limit for air introduced in winter. When cold outside air 
is used for cooling, this same thermostat is used to restrict the amount, 
while inside conditions call for full cooling. A low limit fan discharge 
thermostat is sometimes operated in conjunction with the refrigerating 
cycle, although this is usually unnecessary. 

A thermostat can also be placed in the fan discharge to stop the fan in 
case of fire. The maximum temperature setting is often determined by 
local regulations, but the most protection comes from the lowest feasible 
setting and a point is recommended only a few degrees higher than the 
highest temperature of normal operation. Safety measures to prevent 
gravity as well as forced flow of air, in case of fire, often require various 
dampers throughout the fan distribution system to be closed by fusible 
links or by thermostats. 

Static Pressure Control 

As described and illustrated in Chapter 31, the discharge of air through 
outlets must be carefully studied for proper results. Control systems that 
depend upon varying the air quantities are apt to upset the design con- 
ditions. Even where the dampers are located so as to maintain proper 
outlet velocities, as well as possible, by closing off portions of the grilles, 
there is a general increase in static pressures when most of the dampers 
reach their minimum positions. This tends to defeat the operation of the 
damper and magnify the danger of noise. 

Air filters, commonly used in central fan systems, vary the operating 
static pressure in two ways. Reduction of air quantity tends to reduce 
the static drop through them as through all other resistances to air flow, 
but accumulation of dust increases this static drop. Thus filters add to 
the need for static pressure control. 

This control consists generally of a device operating one or more 
dampers. If filters are not used and the only function of the controller 
is to reduce high pressures caused by reduction in amounts of air delivered, 
the dampers may be in the side of the main duct downstream from the fan, 
and arranged for opening enough to relieve the excess pressure. In this 
case, if the controller is of the differential type, affected by ambient 
pressures, care must be used to prevent distortion due to slight building 
up of pressure in the room outside the duct. 
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Whether or not filters are used, dampers may be installed across the 
area of the duct on either side of the fan. One type is of special design 
for attachment to the fan intake. Closing such dampers reduces the 
pressure in^ the distribution ducts. When filters are used, the systems 
may be designed for operation with the dampers partially closed while the 
filters are clean, so the pressure controller can automatically open them to 
correct for the gradually increasing resistance caused by dust accumu- 
lation. 

^ Air distribution systems designed for high velocities and consequent 
high pressure drops are not entirely corrected for action of volume 
dampers by static pressure control at the fan, because varying pressure 
drops through the ducts follow changes in quantities of air delivered. 
Therefore, where relatively constant pressures are important it may be 
necessary to use controllers at several carefully selected points. 

Back pressure dampers, commonly used to prevent down drafts through 
vent flues, may be employed to relieve objectionable pressures in rooms 
or other spaces, under certain conditions. 

UNIT SYSTEMS 

A unit system provides for the same functions as a central fan system 
except that the actual conditioning is usually done within the space being 
conditioned instead of at some central location outside of the space. 
The automatic control problems, therefore, become exactly the same as 
for central fan conditioning systems except that compactness, ease of 
installation and control cost often assume somewhat more importance. 

Because of the usual segregated location of unit equipment throughout 
a building and its consequent lack of competent supervision, complete 
automatic control is essential to its satisfactory operation. 

Unit Heaters 

In its simplest form, unit heater control consists of a room thermostat 
to start the unit heater motor when heat is required and shut it off when 
the demand is satisfied. With this limited control, it is possible in some 
instances that, with no steam available at the heater, the operation of the 
fan would cause objectionable drafts. To avoid this, limit controls are 
available which will prevent the operation of the fan at the command of 
the room thermostat except when steam is available, as determined by 
the temperature of the steam or return pipe or the pressure of the steam 
supply. 

Where several unit heaters serve a limited area, they may be grouped 
for purposes of automatic control, and several heaters placed in operation 
at the command of one thermostat. By properly grouping the units 
which will operate together, the benefit of zone control can often be 
obtained with a minimum of control equipment. Where such group 
operation is utilized, the thermostat and limit control usually function 
through a relay, as the combined load of the several motors may exceed 
the current capacity of the thermostatic control device. 

In some cases where cold drafts will not result, it is desirable to operate 
the unit heaters continuously for circulation of air. In such instances the 
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room thermostat regulates the supply of steam to the unit through a 
control valve in the steam supply line and the unit heater motor operation 
is manually controlled. 

Unit heaters equipped with dampers arranged for by-passing air around 
the heating coils are controlled by room thermostats operating modu- 
lating damper motors attached to these dampers so that as the tempera- 
tures rise, a decreasing amount of air is heated. When the by-pass is 
wide open the heating effect is so much reduced that control of the steam 
supplied to the coil is not generally important. If valve control is added, 
the throttling of the steam may be concurrent with, or subsequent to, 
the opening of the by-pass. 

Cooling Units 

The recommended form of temperature control for a cooling unit con- 
templates the continuous operation of the fan, with automatic regulation 
of the compressor or cooling coil, or both, as determined by a thermostat 
in the room, or in the return air to the cooling unit. Such operation 
insures continuous circulation of air in the room, and in addition to 
providing the cooling effect of moving air, overcomes the tendency of the 
air to stratify. As the temperature begins to rise, the controller opens the 
valve to a cold water cooling coil, or for direct expansion coils, opens a 
valve in the refrigerant line, closes a by-pass around the coil or starts 
a compressor. 

Cooling units may also be controlled by arranging the room thermostats 
to start and stop the fan motors or by a combination of motor and 
refrigerant control. 

Unit Ventilators 

There are various types of unit ventilators available but in general all 
types are designed to draw air from the outside or to mix outside and 
recirculated air, heat it and introduce it into the room under control of a 
thermostat. 

The design of unit ventilators has to an extent been based on the 
requirements for automatic temperature control and the cycles of control 
have been developed to include other heating devices in the rooms with 
unit ventilators. Unit ventilators are frequently used in schools and 
other types of buildings where many states have laws or regulations 
governing the minimum amount of ventilation to be provided. The con- 
trol of the amount of outdoor and recirculated air is designed to conform 
to the various laws. Usually the device circulates a constant amount of 
air and the amount automatically taken in from outdoors is controlled 
in one of these ways : 

1. Full recirculation until the room temperature reaches a certain point, generally 
two degrees, below the desired room temperature; then a minimum amount of outdoor 
air for ventilation while the temperature is maintained by throttling steam; and if the 
room temperature rises with all steam shut off, the gradual increase in amount of out- 
door air up to 100 per cent. 

2. Full recirculation until the room reaches a set point below room temperature, 
after which all air is taken from outside. 

3. Gravity recirculation while the fan motor is not running, with full outside air as 
soon as the fan starts, obtained by a relay in the motor circuit. 
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4. Full recirculation or all outdoor air as determined by a manual switch which can 
be operated at any time whether or not the fan is running. All the unit ventilators in a 
single building may be operated by one or many switches. 

With arrangements 1 or 2, it is desirable to include a relay to prevent 
the intake dampers from opening while the fan is not running, regardless 
of room temperatures. With a dual system of control this is essential to 
prevent the thermostat keeping the outside damper open until the tem- 
perature falls to the reduced setting. 

The intake and recirculated air quantities are determined by a single 
damper or by a pair of dampers working together, and operated by a 
damper motor. Although this affects the temperature of the air delivered, 
the main heat control comes from the throttling of the steam supplied to 
the heating coil, with or without by-pass damper control. To prevent 
air being delivered at too low a temperature, a low limit thermostat is 
commonly installed in the air stream and set at some point between 65 
and 70 F. The lower settings may cause discomfort, the higher ones 
overheating, depending on circumstances. The air stream thermostat 
can be used to turn on steam, reduce the amount of outside air, or both. 

Rooms with unit ventilators frequently have auxiliary heating devices, 
such as direct radiators, convectors or unit heaters, all under control of a 
single room thermostat. A common control cycle for such rooms is com- 
posed of the following functions, assuming that 72 F is the desired 
temperature: 

1. Below 70 F the unit ventilator intake damper is in full recirculating position and 
all heat is turned on. 

2. At 70 F the intake damper moves to a position that will admit a predetermined 
minimum amount of air from outdoors. 

3. At 71 F the auxiliary heating devices are shut off. 

4. From 71 to 72.5 F, the heating effect of the unit ventilator is throttled. 

5. From 72.5 to 74 F, the intake damper is gradually moved to increase the amount of 
outside air from the set minimum to 100 per cent. 

6. If the room thermostat calls for too much cooling, the air stream thermostat holds 
the delivery temperature at a proper minimum. 

Other similar cycles may be used. One additional feature is the use of 
an air stream thermostat that has its control point reset by the room 
thermostat. Then as the room temperature rises, the delivery tempera- 
ture is gradually reduced from a maximum to a minimum. 

All Year Conditioning Units 

It is desirable to provide for automatic change-over between the heating 
and cooling cycles in the control system for all year conditioning units 
because of the probable necessity of a change several times a year. In 
the fall season a period requiring cooling often follows one requiring 
heating, and the reverse is true in the spring. The automatic change-over 
is especially valuable where a large number of units is used. 

A control system for an all year conditioning unit providing for the 
automatic change-over is shown in Fig. 7. Operation of the control 
equipment is as follows : 

1. During the Heating Cycle. Combination controller Ti measures the 
temperature in the space being conditioned and opens control valve F 2 
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SO as to admit steam to the heating coil whenever heat is required so as to 
maintain a fixed temperature in the space. Combination controller Ti 
also measures the relative humidity in the conditioned space and opens 
control valve Fi so as to admit water to the sprays whenever moisture is 
required in the space. 

2. During the Cooling Cycle. Combination controller measures the 
temperature and humidity in the conditioned space and opens refrigerant 
control valve Fa, thereby admitting refrigerant to the cooling coil when- 
ever cooling is required to maintain the temperature or relative humidity 
within predetermined maximum limits. 

The temperature control point of controller Ti must be set at a lower 
point than that of controller r 2 in order to provide for the automatic 
change-over between the cooling and heating cycles. As an example, 
controller Ti might be set at 72 F and 35 per cent and at 76 F and 
60 per cent. As the room conditions rise above the settings of Ti, the 



Fig, 7. All Year Air Conditioning Unit with Complete Automatic Control 

heat and humidification are shut off and when they rise above the settings 
of r 2 the cooling and dehumidification are turned on. 

CONTROL OF AUTOMATIC FUEL APPLIANCES 

It is essential that automatic controls be used with oil burners, gas 
burners, and stokers in order to maintain even temperatures and provide 
safe and economical operation of the heating plant. There are many 
types of burners and many types of automatic control, and it is essential 
that the proper type of control equipment be selected to fulfill the require- 
ments of the burner equipment and its application. 

Combustion regulation equipment should be used on the larger com- 
mercial and industrial applications to control the secondary air supply and 
thereby provide for economical operation. This type of control will 
usually consist of a pressure regulator which measures and controls the 
pressure over the fire and which thereby indirectly regulates the carbon 
dioxide percentage in the flue gas. 

On all automatically-fired steam boilers it is advisable to provide 

666 





CHAPTER 34. AUTOMATIC CONTROL 


control equipment which will stop the supply of fuel in case the boiler 
water line falls below a predetermined level of safety. 

For hot water and warm air systems, control devices can be arranged 
to vary the water and air temperatures from outdoor thermostats. As 
the weather moderates, lower temperatures are maintained. Inside 
thermostats are usually installed to correct any improper results from the 
outside controls. 

Thermostats used to control automatic fuel appliances may be supplied 
with clock mechanisms which will automatically shut off the heat or 
maintain lower temperatures during night hours for economy of fuel. 
For buildings that are not used every day of the week, clocks may be 
supplied to provide night conditions from Saturday noon or night to 
Monday morning. 

Oil Burner Controls 

In the normal oil burner installation as encountered in residential and 
small commercial installations, the burner operation is frequently regu- 
lated by electric controls and primarily governed by a room thermostat. 
It is essential that a limiting control be incorporated in the control system 
to prevent the temperature of the heating medium from exceeding any 
predetermined safe maximum. The type of limit control selected will 
depend on the type of the heating system. In a warm air furnace instal- 
lation, a limit control would be used, reacting to the temperature of the 
heated air in the bonnet of the furnace; in a hot water system a control 
reacting to the temperature of the water in the boiler; and in a steam 
system a control reacting to the pressure of the steam in the boiler. 

In addition to the normal control of the burner from the room ther- 
mostat and limit control, it is necessary that a combustion safety device 
be used to prevent operation of the burner under hazardous conditions. 
The oil fire is automatically ignited by means of gas, electric spark or 
incandescent element and the combustion safety control acting through a 
sequence device permits the burner operation only when the fire is prop- 
erly established as the burner starts up. A further function of the com- 
bustion safety control is to react to any major disturbance in the flame 
during the running operation, shutting down the burner and preventing 
the discharge of unburned fuel if for any reason the flame is extinguished. 

Gas Burner Controls 

In the case of the domestic burner, full automatic operation is the 
normal requirement and the burner is started and stopped at the com- 
mand of a room thermostat which, in turn, opens and closes a control 
valve in the gas supply line. Modulating controls and controls providing 
a high and low fire are also available for gas burners. For purposes of 
preventing abnormally high temperatures^ in the bonnet of gas-fired 
furnaces or in the temperature of the water in gas-fired hot water heating 
boilers or excessive pressures in gas-fired steam boilers, temperature and 
pressure limit controls are used. Ignition is normally secured through the 
use of a gas pilot flame and a safety device is provided, utilizing the heat 
of the pilot flame in such a manner that if the pilot light is extinguished 
for any reason, the main gas valve cannot be opened. For satisfactory 
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and economical operation, all automatically-fired gas burners should be 
equipped with pressure regulators on the gas supply line. 

Stoker Controls 

Domestic stokers are normally placed under command of a room 
thermostat for primary operation subject also to the command of a limit 
control to prevent their operation when conditions in the boiler or furnace 
exceed predetermined safe maximums. Utilizing coal as fuel, automatic 
ignition is not provided and the stokers, once ignited, maintain their fire, 
merely changing the rate of combustion by changing the draft and the 
rate at which the coal is fed. Thus, at the command of the room ther- 
mostat the stoker motor is started, driving a forced draft fan and fuel 
feeding mechanism. The rate of combustion is thus increased and this 
operation continues until the thermostat has been satisfied when the 
motor is stopped and the fuel in the combustion chamber continues to 
burn at a slow rate with reduced draft. 

At certain seasons of the year, the operation of the stoker under the 
requirements of the thermostat may be so infrequent that there is a 
possibility of the fuel in the combustion chamber burning out or the fire 
going out between operations. To prevent this occurrence, automatic 
controls may be utilized to operate the stoker independently of ther- 
mostat requirements, sufficiently to sustain the fire either through a 
timing device functioning for short periods at predetermined intervals or 
through a temperature control device reacting to minimum stack or 
boiler temperatures. Control may also be utilized to prevent stoker 
operation and the delivery of coal into the combustion chamber in the 
event that the fire has gone completely out. This control is governed 
normally by the stack temperature and shuts down the stoker after a 
predetermined minimum stack temperature is reached. 

RESIDENTIAL CONTROL SYSTEMS 

The control installation in a residence may vary from the simple 
regulation of a coal-fired heating plant to the completely automatic all 
year air conditioning system. Residential installations with automatic 
fuel burning appliances, such as oil burners, gas burners or stokers, are 
normally equipped with single room thermostat, limit and safety controls 
as outlined previously under Control of Automatic Fuel Appliances. 

Coal-Fired Heating Plant 

Control in the normal coal-fired domestic heating plant consists of 
regulating the combustion rate in accordance with requirements. This 
function is accomplished by a spring or electric-driven damper motor 
which, under the command of a room thermostat and through chain 
linkage, operates the draft and check dampers of a boiler or warm air 
furnace. Such installation should be protected against excessive tem- 
perature or pressure by means of a limit control serving to check the fire 
when conditions at the boiler or furnace reach a predetermined maximum. 

All Year Domestic Hot Water Supply 

Hot water or steam heating boilers with automatic fuel burning ap- 
pliances can be used for all year heating of domestic water supply. The 
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fuel burning appliance in this case is controlled from the temperature of 
water or pressure of steam in the boiler to maintain uniform boiler con- 
ditions and domestic hot water is heated by means of an indirect heater. 
The heating of the residence is normally governed by means of a ther- 
mostat which operates a control valve in the flow line of a gravity hot 
water or a steam system. 

Air Conditioning Systems 

Residential air conditioning systems normally include a heating source 
and a motor-driven fan for circulating air. In addition, such installations 
may involve spray-head equipment to supply humidity. Such instal- 
lations distribute suitably heated and humidified air during the heating 
cycle, and during the summer or cooling cycle may be used effectively as 
conditioners if equipped with refrigeration means. 

Regulation of the humidity during the heating cycle is normally accom- 
plished by opening and closing a solenoid water valve supplying water to 
the spray-heads, the solenoid valve being under control of a room type 
humidity control.^ In the average installation the fan is permitted to run 
only during such intervals as the thermostat is calling for heat or at the 
command of a limit control to prevent the overheating of the bonnet of a 
warm air furnace. The limit control should also prevent the operation of 
the fan at the command of the thermostat until the circulating air tem- 
perature has increased to a predetermined point. 

For the cooling equipment provided in such installations, control 
during the cooling cycle will be an adaptation of the control principles 
described for central fan systems selected for the type of cooling equip- 
ment utilized. 

The selection of automatic control equipment for residential air con- 
ditioning systems is just as important as for commercial installations. 
Fewer controls are generally used and systems are usually less com- 
plicated except in the case of a very large residence installation when the 
control system may become as complete as the commercial installation. 

CONTROL OF REFRIGERATION EQUIPMENT 

The most common means of providing cooling for air conditioning may 
be divided into four general classifications as follows: 

Compressor Type Refrigeration 

Refrigeration compressors may furnish refrigerant to direct expansion 
cooling coils through which air is being passed, or to coils in cooling tanks 
through which water is passed which is then pumped to air washers or 
cooling coils through which the air is passed. 

In either case the compressor motor may be started and stopped in 
order to meet the demand for refrigeration or a pressure controller may be 
used to regulate the low side or suction pressure of the compressor. When 
the latter method is used, the flow of refrigerant to cooling coils may be 
regulated by the opening and closing of a solenoid refrigerant valve at the 
command of a temperature controller or thermostat. 

A high pressure cutout as an individual unit or in combination with 
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either a temperature or pressure controller provides a safety feature 
against excessive pressures on the high side of the compressor. 

Many compressors may be unloaded by instruments sensing room or 
duct conditions, or by refrigerant pressures, thus reducing the frequency 
of starting and stopping. If two or more compressors are used for a 
single cooling system, step controllers are used to start them in sequence 
at intervals of a few seconds to avoid the large momentary electric input 
that simultaneous starting would demand. 

When condensers are water cooled, thermostatic control to vary the 
quantity of water is needed for economical operation. Mechanical air 
condensers may be started and stopped with temperature demands. 

Chilled water may be stored in tanks at temperatures slightly lower 
than required for air cooling coils. The control of temperature for the 
water distribution system is as described for Ice Cooling. 

Ice Cooling 

When ice is used for the cooling or dehumidification of air, it is usually 
placed in bunkers and water is sprayed over it. This water, after being 
cooled, may be used in air washers or surface cooling coils and is usually 
returned to the bunker for additional cooling after being used. 

Control of the water temperature leaving the cold water tank may be 
maintained by a temperature controller, which measures the temperature 
of the water in the tank and modulates a control valve in a by-pass which 
permits a portion of the return water to return directly to the tank 
instead of passing through the sprays. 

Vacuum Refrigeration 

A vacuum refrigerating system consists of an evaporator, compressor, 
condenser and auxiliaries. The refrigerant used is water, and water 
vapor (steam) is the power medium. 

Water which has been passed through an air washer or cooling coil is 
sprayed directly into the evaporator or water cooler where it is cooled by 
its own evaporation. A condenser is attached directly to the compressor 
discharge and its function is to recondense the water vapor drawn from 
the evaporator, plus the steam which supplies the energy for compression. 

The temperature of the cold water leaving the flash chamber should be 
measured by a temperature controller which will in turn operate a two- 
position or positive-control valve installed in the steam line to the jet so 
as to permit steam to flow only when cooling is required. If city water is 
used in the condenser, the amount of water should be modulated according 
to the demand as measured at the condenser outlet by means of a tem- 
perature controller and control valve. 

Refrigeration by Well Water 

When well water is available in sufficient quantities at low temperatures 
during the cooling season, it may be pumped directly to air washers or 
cooling coils. Control is usually effected through control valves on the 
water supply to the cooling unit actuated by temperature or humidity 
controllers, or both, located either at the outlet of the conditioner or in 
the conditioned space. 
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INSTRUMENTS AND TEST METHODS 


Temperature Measurement^ Pressure Measurement, Measure- 
ment of Air Movement, Air Change Measurements, Meas- 
urement of Relative Humidity, Dust Determination, Heat 
Transfer Through Building Materials, Measurement of Heat 
Exchange for Comfort Conditions, Combustion Analysis, 

Smoke Density Measurements, Carbon Monoxide Measure- 
ments 

I N previous chapters, data from many tests and from much research 
on various divisions of heating, ventilating and air conditioning have 
been given. References have also been cited to a number of test codes 
adopted by the Society for the testing and rating of various types of 
equipment. This chapter presents a description of many test instru- 
ments, and discusses their use. 

TEMPERATURE MEASUREMENT 

Changes in the intensity of heat may be determined by several methods 
such as measuring the change in volume of a liquid, the change in internal 
pressure of a confined gas, the current set-up between dissimilar metals 
joined in a circuit, or the change in resistance of an electrical circuit. 

Thermometers 

The most common method used is the change in volume of a liquid 
such as mercury or alcohol enclosed in glass. Mercurial thermometers 
may be used for measuring temperatures from —40 F to approximately 
1000 F. The lower limit is set by the freezing point of mercury. Since 
the boiling point of mercury is only about 676 F, the space above the 
mercury in diermometers designed for higher temperatures must be filled 
with an inert gas under pressure. Alcohol thermometers may be used 
for temperatures from — 94 F to -f248 F. 

The more accurate thermometers are individually calibrated and have 
divisions etched on the stem. The two most common reference points 
are the freezing and boiling points of water. On the Fahrenheit s(^e, 
whidi is most commonly used in engineering work, there are 180 divisions 
between these points. On the Centigrade scale which is used by chemists 
and physicists, there are 100 divisions in this range. The temperature 
in degrees Fahrenheit equals ®/6 of the temperature in degrees Centi- 
grade, plus 32. 

For permanent installations, glass thermometers are often protected 
by metal jackets and equipped with metal scales. Due to the heat 
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capacity and heat conductance of the jacket, it is more difficult to obtain 
the true temperature at a point with these than with the exposed etched 
stem type. The latter is usually preferred for test purposes. Where used 
to measure temperatures in a duct, it may be inserted through a cork or 
rubber plug. Care must be taken to locate the bulb at the point where 
the temperature is desired and in many cases several must be used to 
get a correct average. 

Most mercury thermometers are calibrated for complete stem immer- 
sion. When incompletely immersed, a stem correction should be made 
for the most accurate determination. At ordinary atmospheric tem- 
peratures the correction is negligibly small, but it usually is important 
when measuring high temperatures such as those of steam and flue gas. 
The emergent stem correction may be calculated by the following 
equation : 

K = 0.00009 D {ii - h) (1) 

where 

K ~ correction to be added, degrees Fahrenheit. 

D = number of degrees on the thermometer scale which are not immersed. 
h = temperature indicated on the thermometer, degrees Fahrenheit. 
h = temperature of the non-immersed mercury column, degrees Fahrenheit. 

0.00009 = difference in the coefficient of expansion of the mercury and glass. 

In some cases, thermometers are calibrated for a certain depth of 
immersion indicated by an etched mark on the stem. Should such a 
thermometer be used for full immersion, a negative stem correction would 
be in order. In selecting a set of thermometers for a test, it is well to 
compare the group by immersion in a common bath and note variations. 
The more accurate ones can thus be selected for the more important 
positions. The interchanging of thermometers at inlet and outlet tends 
to cancel variations and therefore may result in greater accuracy. In 
extreme cases of small temperature differences involving large quantities 
of heat, it may be advisable to use thermometers graduated in tenths of 
degrees and mount magnifying glasses on them for accurate reading. 

Since the bulb has considerable area, radiant energy may affect tem- 
perature readings^ In measuring room temperatures, care must be 
taken to locate thermometers away from hot surfaces such as radiators 
or cold surfaces such as walls or windows. Where this is impractical, 
shields should be used to screen the bulb from the radiant energy. 

Thermocouple 

When two dissimilar metals are joined at two points and a temperature 
difference exists between these junctions, an electromotive force will be 
developed. Its magnitude depends upon the metals used and the tem- 
perature difference of the two junctions. Often the cold junction is kept 
at 32 F by immersion in an ice bath. In other instances, a higher tem- 
perature such as that of the atmosphere is used for this junction. By 
proper selection of metals, any temperature up to 2900 F may be meas- 




672 




CHAPTER 35, INSTRUMENTS AND TEST METHODS 


ured. Readings are obtained by means of a potentiometer or sensitive 
galvanometer which may be calibrated directly in degrees. A potentio- 
meter balances the electromotive force against a known electromotive 
force with no current flowing, hence this method is independent of length 
and variations in resistance of leads. Calibration of thermocouples for 
high temperatures may be made against known melting points of metals. 
Radiation effects may be minimized by using the smallest size of wires 
consistent with mechanical strength. The use of small wires also makes 
the thermocouple sensitive to minute fluctuations in temperature. 

Other advantages of thermocouples are: they are readable at remote 
points, they may easily and accurately be made recording, and an average 
temperature may be obtained readily by connecting many couples 
together in series. 

Resistance thermometers depend for their operation upon the change of 
resistance of wire with change in temperature. Their use largely parallels 
that of thermocouples. Various metals may be used and the range is 
about the same as for thermocouples. 

For measuring high temperatures, such as in furnaces, pyrometers are 
often used. Radiation pyrometers concentrate the radiant energy on a 
thermopile, and the reading is obtained on a galvanometer or potentio- 
meter. Optical pyrometers match a narrow spectral band, usually red, 
emitted by the object with that from a standard electric lamp supplied 
with electric current. 


PRESSURE MEASUREMENT 

Barometer 

The most accurate barometer for determining the atmospheric pressure 
is the mercurial type, consisting of a tube over 30 in. long closed at the 
top and standing in a mercury well. The barometric pressure is expressed 
as the height of the mercury column above the level of the mercury in the 
well. Such barometers are equipped with an adjustment to compensate 
for change in level of mercury in the well. The reading at the tube 
meniscus is obtained on a vernier scale. When extreme accuracy is 
required, as in determining the thermodynamic properties of vapors 
at very low absolute pressures, corrections for the variation of density 
of the mercury column with temperature should be made. Standard 
density of mercury is taken at 32 F and the conversion factor from inches 
of mercury to pounds per square inch is 0.491. 

The following equation may be used to make corrections for tempera- 
ture variations from 32 F for mercury columns: 

/t = [1 - 0.000101 (A - 32)1 (2) 

where 

h = corrected column at 32 F, inches mercury. 

hi — measured height of the column, inches mercury. 

= observed temperature of the column, degrees Fahrenheit. 

Standard atmospheric pressure at sea level is 29.921 in. mercury. 
Since normal atmospheric pressure decreases about 0.01 in. mercury for 
each 10 ft increase in elevation, it is important to make a correction if the 
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elevation of the barometer is not that of the test apparatus. In many 
cases the barometric reading may be obtained from a nearby weather 
bureau station. Inquiry should be made as to whether the value is as 
observed or corrected to sea level. 

Atmospheric pressure may also be measured by an aneroid barometer 
which is easily portable. In this type, variations in atmospheric pressure 
bend the thin surface of a box or tube which contains a reduced pressure. 
The aneroid type is not as accurate as the mercurial and needs frequent 
calibration against one of the latter type. 

Most of the pressure gages used in engineering work indicate the 
difference between the pressure being measured and the atmospheric 
pressure. Pressures as measured are called gage pressures. Absolute 
pressure may be obtained by adding barometer pressure and gage pres- 
sure algebraically. 

Pressure Gages 

The Bourdon type gage is a widely used device for measuring pressures. 
The Bourdon tube is elliptical in cross-section and circular in form, and 
is connected by suitable linkage to a hand which moves over a dial. 
An increase in pressure tends to straighten the tube and a decrease has 
the opposite effect. When used with high temperature steam, the tube 
must be protected by a water seal. When used with ammonia it must 
be made of steel or other material not attacked by this substance. When 
used for sub-atmospheric pressure, the gage is known as a vacuum gage, 
and is usually ^aduated in inches of mercury. For pressures above 
atmospheric, it is termed a pressure gage and is graduated in pounds 
per square inch. Some are made to read in both directions and are termed 
compound gages. Calibration is usually made with a dead weight tester, 
consisting of a platform and weights resting on a piston floating on oil. 
From the area of the piston and the total weight resting on the oil, the 
pressure at all points in the fluid is determined. Adjustments are pro- 
vided in the gage linkage to make necessary corrections. A correction 
chart may also be made and used for accurate work. 

For comparatively low gage pressures above and below atmospheric, ‘ 
the vertical U tube is a simple and accurate gage and is often used for 
test work with various fluids such as mercury, water, kerosene, or alcohol. 
Readings may be in inches of any of these fluids. 

For measuring pressures within a few inches of water of atmospheric 
pressure, U gages are often made sloping for greater magnification of 
scale. In commercial gages of this type, commonly termed draft gages, 
only one tube of small bore is used and the other leg is replaced by a 
reservoir. Although the scale is calibrated to read in inches of water, a 
fluid having the density and characteristics of kerosene is often used. 
It is important, of course, to use a fluid having the same gravity as that 
for which the gage was originally calibrated, or to use a correction chart 
with some other fluid. Such gages may be checked one against another 
to detect errors in gravity of fluid. For more accurate calibration the 
gage may be checked against a calibrating device working on the U gage 
principle which uses hook gages and a micrometer screw. It is not con- 
sidered desirable to use a slope of less than 1 to 10 in the design of these 
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gages. The accuracy of a draft gage is very dependent on the slope which 
is usually fixed by a built-in spirit level. If one side of a 27 gage is open 
to the atmosphere, the gage indicates pressure above or below atmos- 
pheric pressure. If both sides are connected, it indicates the difference in 
pressure existing between the two points of connection. 

For measuring extremely low pressures accurately, very sensitive 
micromanometers of several types are available, such as the Chatelier, 
the Illinois or Wahlen and the Emswiler^’^ Calibration of these by a 
hook gage is impossible, and recourse must be made to fundamental 
calculations involving gravity of fluids and the principles involved. When 
proved accurate, a micromanometer is very useful for calibrating draft 
or slant gages. 


MEASUREMENT OF AIR MOVEMENT 

The problem of measuring air movement may be divided into three 
main parts when confined in ducts, when circulating in free spaces, and 
when entering or leaving such space through openings such as grilles. 
Other gases might be measured by the same methods, but emphasis here 
will be on air measurements. 

For determining the velocity, and therefore the volume of air flowing 
in a duct, such as in the test of a fan or a complete ventilating system, 
the Pitot tube as described in the A.S.H.V.E. Code^ is probably most 
often used. The tube is a double tube ^ in. outside diameter with 
a rounded end up-stream. The inner tube is in. inside diameter at 
the up-stream end, and the pressure in it is the sum of the velocity pres- 
sure and static pressure at its location in the duct. The outer tube, 
otherwise sealed, has 8 holes 0.04 in. in diameter and equally spaced 
around the circumference, and located eight diameters down-stream. A 
connection to this tube gives the static pressure. If both tubes are con- 
nected to opposite ends of a 27 gage, the gage indicates velocity pressure. 
At low velocities the resulting pressure head is so low that it becomes 
difficult to get accurate gage readings. The velocities used in many 
ducts are below the lower limit of determination with gages available. 
The relation between velocity and velocity pressure may be used to 
determine the range of gage required. 

F = 1096.2 (3) 

where 

V = velocity, feet per minute. 

hv = velocity pressure, inches of water. 

d = density of air, pounds per cubic foot. 

Air flow in a round duct is seldom uniform. In general, the velocity 
is lowest near the edges, and maximum at or near the center. In order 


2Illinois Micromanometer (JJnwersity of Illinois, Engineering Experiment Station Bulletin No. 120, p. 91). 
3Xhe Weathertightness of Rolled Steel Windows, by J. E. Emswiler and W. C. Randall (A.S.H.V.E. 
Transactions, Vol. 34, 1928, p. 527). 

-^standard Test Code for Centrifugal and Axial Fans, Edition of 1938. See also Standard Code for the 
Testing of Centrifugal and Disc Fans (A.S.H.V.E. Transactions, VoI. 29, 1923, p. 407; Vol. 37, 1931, 
p. 363). 
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to obtain higher velocities and more uniform flow across the measuring 
section, it is sometimes possible to reduce the duct to a smaller cross 
section at the Pitot station by use of a long transition piece. In any case, 
a large number of readings in two traverses should be taken, with 20 
being quite desirable. These should be taken at the centers of equal 
areas for correct determination of volumes. For round pipe, these would 
be located from the center by multiplying the radius by the following 
factors: 0.316, 0.548, 0.707, 0.837 and 0.961. A fundamentally correct 
method of measurement is obtained with a Pitot tube and therefore it 
can be used without calibration. Pulsating or disturbed flow will give 
erroneous results and every^ effort should be made to remove disturbances 
in the Pitot tube section. 

Many forms of Pitot tubes other than the one described have been used 
and calibrated®. A double-ended tube, one end pointing down-stream, 
and one up-stream, is sometimes used for low velocities, but it should be 
carefully calibrated for accurate results. A special form of this tube 
design consists of two straight in. tubes soldered together, closed at 
the end, and with a 0.04 in. hole in each tube opposite the line of contact. 
This tube is useful in exploring velocities on exhaust inlets, such as on 
hoods placed around grinding wheels. 

The rounded approach orifice or nozzle of the general type described 
in the A.S.H.V.E. Unit Heater® and Unit Ventilator^ Codes is a very 
accurate air measuring device. When it is well made, the coefficient 
closely approaches unity. The velocity at the mouth is increased over 
that in the duct, and the resulting increased velocity pressures may be 
measured more accurately. The discharge from such a nozzle is very 
uniform and provides a good location for calibration of air velocity 
instruments^. 

The Venturi meter is somewhat like the nozzle except for the addition 
of a down-stream transition section that reduces the friction drop through 
the measuring apparatus. However, since a good one is expensive to 
make, the Venturi meter is seldom used with gases, although it is often 
used to measure liquids. 

The thin-plate square-edged orifice has a decided advantage over the 
rounded approach orifice in cost. Its coefficient is approximately 0.60. 
The exact value depends on the location of the connections, the pressure 
drop, the diameter ratio of orifice to pipe, and the sharpness of the edge®. 

Another method of air measurement uses the thermal electric principle 
where by means of a measured amount of current, heat is put into the 
air stream. The temperature rise is measured, and with the specific heat 
of the air mixture known, the weight of air flowing may be calculated. 
Heat should be applied uniformly to the mass of air passing, and the 
small temperature difference must be determined accurately. 


^Technical Notes No. 546, {National Advisory Committee for Aeronautics, November, 1935). 

Testing and Rating Steam Unit Heaters (A.S.H V.E. Transactions. Vol. 36, 

1930, p. 165). 

oc Testing and Rating Steam Unit Ventilators (A.S.H.V.E. Transactions. Vol. 

So, 1932, p. 25). 

spisc^rge Coefficients of SQuare Edged Orifices for Measuring the Flow of Air. bv H. S. Bean E. 
Buckingham and P. S. Murphy {Bureau of Standards Journal Researcn, Vol. 2, 1929, p. 561). 

»The Flow of Air Through Circular Orifices in Thin Plates, by J. A. Poison and J. G. Lowther {University 
of llhnois, Engineering Experiment Station Bulletin No. 240). 
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Air Currents in Free Spaces 

One of the instruments useful in determining the velocity of air cur- 
rents in free spaces is the Kata-thermometer. It is essentially an alcohol 
thermometer with a large bulb. The stem has two marks, one corre- 
sponding to 95 F, and the other 100 F. The instrument is heated above 
100 F, and the time in seconds required for it to cool from 100 to 93 when 
placed in the air current gives a measure of the non-directional velocity. 
The usual way of heating the bulb is in a water bath, and it is important 
to wipe the Kata-thermometer dry before taking the reading. A thermo- 
statically controlled water bath is very convenient to use along with two 
instruments so one may be heating while the other is in use. For high 
atmospheric temperatures the high temperature Kata with a range of 
130 to 135 F may be used. Usually several readings are taken in a given 
location and the average used. Each Kata has its own factor etched on 
the stem, and this factor must be used with the cooling formula or chart 
for obtaining the velocity. The Kata-thermometer is useful in exploring 
ventilated spaces^ to determine whether the proper air movement and 
distribution is being maintained. The Kata- thermometer also finds use 
in determining the cooling power of the atmosphere, since it loses heat 
by radiation and convection when dry, and by radiation, convection, 
and evaporation when the bulb is equipped with a wetted cloth covering^®. 

Another instrument for measuring low velocity air currents is the 
heated thermometer anemometer^^. This consists of an ordinary mer- 
curial glass thermometer with a resistance winding on the bulb. Current 
is supplied from an external source in a measured amount. The tem- 
perature rise shown on this heated thermometer over that shown by an 
ordinary thermometer at the same location, and the current supplied, 
make it possible to calculate the non-directional velocity of the air 
stream. Since a smaller bulb is used than that on the Kata-thermometer, 
it is less affected by radiant heat sources. 

Another instrument is the hot wire anemometer which is available in 
several patterns. In general, a measured current is supplied to raise the 
temperature of a fine bare wire above the temperature of the surrounding 
air. With the use of a very fine wire, minute fluctuations in velocity 
may be measured, and the area exposed to radiant exchange with heated 
or cooled surfaces is at a minimum. This instrument is easily made 
remote reading or recording. A group of them may be connected together 
to give the average velocity in a space, or the velocity at individual 
points within a test space, by suitable switching arrangements^^’^^ 

Deflecting Vane Anemometer 

The deflecting vane anemometer consists of a pivoted vane enclosed 
in a case, against which air exerts a pressure as it passes through the 
instrument from an up-stream to a down-stream opening. The move- 


lOTemperature, Humidity and Air Motion Effects in Ventilation, by O. W. Armspach and Margaret 
Ingels (A.S.H.V.E. Transactions, Vol. 28, 1922, p. 103). 

The Heated Thermometer Anemometer, by C. P. Yaglou {Journal Industrial Hygiene and Toxicology. 
Vol. 20, October 1938, No. 8). 

^^Development of Testing Apparatus for Thermostats, by D. D. Wile (A.S.H.V.E. Transactions, 
Vol. 42, 1936, p. 349). 

i3Linear Hot Wire Anemometer, Its Application to Technical Physics, by L. V. King (Journal Franklin 
Institute, 1916). 
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merit of the vane is resisted by a hair spring and a damping magnet. 
The instrument gives instantaneous readings of directional velocities on 
an indicating scale. When used in fluctuating velocities, it is necessary 
to average visually the swings of the needle to obtain average velocities. 
This instrument is very useful in locating and measuring peak velocities 
that may be objectionable in air conditioned spaces. Various attach- 
ments are available, such as a double tube arrangement for obtaining 
velocities in ducts, and a device to measure static pressures. Another 
attachment will be mentioned later under the measuring of velocities at 
inlets and outlets. Each instrument and the attachments for it must 
receive individual calibration. 

Propeller or Revolving Vane Anemometer 

The propeller or revolving vane anemometer consists of a light re- 
volving wheel connected through a gear train to a set of recording dials 
that read the linear feet of air passing in a measured length of time. It is 
made in various sizes, 3 in., 4 in., and 6 in. being most common. Each 
instrument requires individual calibration. At low velocities the friction 
drag of the mechanism is considerable. In order to compensate for this, 
a gear train that overspeeds is commonly used. For this reason the 
correction is often additive at the lower range and subtractive at the 
upper range with the least correction in the middle range of velocities. 
Most of these are not sensitive enough for use below 200 fpm; therefore, 
they are not commercially available for the low velocity range met with 
in air conditioned spaces. Further discussion follows under air measure- 
ment at inlets and outlets. 

Measurement of Velocities at Inlets and Outlets of Ducts 

In the field it is often advisable to make volume measurements at the 
face of the supply openings. Often it is hard to get into the duct system, 
or it is difficult to find sections where the flow would be sufficiently 
uniform. The many types of approaches and grilles used make a high 
degree of accuracy almost impossible. For the best accuracy the instru- 
ment and its application should be checked on a similar approach and 
grille in the laboratory before use in the field. Where extreme accuracy 
is not required, such as in balancing a system, various instruments may 
be used at the face of the grille. 

Tests have shown that the propeller type anemometer can be used 
successfully on the heavier type of supply grilles, such as square mesh of 
the cast, or pressed pattern^^. The core area is divided into equal squares, 
and the anemometer is held against the face of the grille for the same 
length of time in each. To get the air volume in cubic feet per minute, 
the average corrected velocity in feet per minute thus obtained is multi- 
plied by the average of the gross and net free area of the grille in square 
feet and by a correction coefficient determined as 0.97 at velocities from 
150 to 600 fpm and as 1.00 at higher velocities. 

On exhaust grilles, the anemometer traverse is made as described 
previously. The air volume may be determined by multiplying the 
corrected velocity in feet per minute by the gross or core area of the 


i^A.S.H.V.E. Research Reports Nos. 857, 911 and 966 — Measurement of the Flow of Air Through 
Registers and Grilles, by L. E. Davies (A.S.H.V.E. Transactions, Vol. 36, 1930, p. 201, Vol. 37. 1931, 
p. 619, and Vol. 39. 1933, p. 373). 
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grille in square feet and by a coefficient for average conditions of 0.80. 
This coefficient takes care of the interference of the bars of the grille and 
the effect on the anemometer of the air entering an exhaust grille through 
180 deg^®. 

When a^ propeller type anemometer is held in a stream of varying 
velocities, it tends to indicate higher than the true average, that is, the 
speed of the propeller is nearer to the top velocity in its area than it is to 
the minimum velocity. ^ This is the main reason for the large difference 
in ratings of unit ventilators by the anemometer method and by air 
volume measurements in a duct approach to the inlet^®. 

Any of the other anemometers described can be used within their 
range at the face of supply grilles when properly applied. In principle 
it is a case of finding the velocity at many points and using the average 
thus found with the correct discharge area at that cross-section. The 
deflecting vane anemometer equipped with a jet on the end of a rubber 
tube has been found especially convenient and accurate on supply grilles^^. 
On modern air conditioning grilles the core area is used without a cor- 
rection coefficient when the jet is held one inch away from the face of 
the grille. At this distance the constriction due to the thin bars has 
disappeared since the small air jets have reunited, and the air stream has 
not yet spread beyond the core dimensions. With deflecting grilles the 
exploring jet should be turned to the angle giving a maximum reading. 
This method of using this instrument is only applicable to supply grilles 
and cannot be used on exhaust grilles because of static pressure differences 
at the location of the jet and the instrument case. 

While hardly a quantitative instrument, smoke is very useful in 
studying air streams and currents. The application of a more accurate 
instrument is often made more exact by a preliminary exploration with 
smoke. A mixture of potassium chlorate and powdered sugar in equal 
portions gives a very satisfactory non-irritating smoke. It is fired by a 
match, and since considerable heat is evolved, it should be placed in a 
pan away from inflammable objects. 

AIR CHANGE MEASUREMENTS 

Atmospheric air contains a certain amount of carbon dioxide. Its 
concentration is increased within enclosures by the carbon dioxide given 
off by occupants. The air changes through all means: open windows, 
infiltration, and mechanical ventilation, may be measured by the carbon 
dioxide concentration^®. The Petterson-Palmquist apparatus has been 
accepted as the standard device for the determination of carbon dioxide 
in air. The principle used is absorption by caustic potash solution of the 
carbon dioxide in a known volume of air, and a remeasurement of the 
volume in a finely graduated capillary tube. Since the concentrations 
are in the order of 3 to 10 parts in 10,000, extreme care must be used to 


i®A.S.H.V.E. Research Report No. 1092 — The Flow of Air Through Exhaust Grilles, by A. M. 
Greene. Jr., and M. H. Dean (A.S.H.V.E. Transactions. Vol. 44, 1938, p. 387). 

i®A.S.H.V.E. Research Report No. 936 — Investigation of Air Outlets in Class Room Ventilation, by 
G. L. Larson, D. W. Nelson and R. W. Kubasta (A.S.H.V.E. Transactions. Vol. 38, 1932, p. 463). 

I'A.S.H.V.E. Research Report No. 1076 — ^Air Distribution From Side Wall Outlets, by D. W. Nelson 
and D. J. Stewart (A.S.H.V.E. Transactions, Vol. 44. 1938, p. 77). 

WA.S,H.V.E. Research Report No. 959 — Indices of Air Changes and Air Distribution, by F. C. 
Houghten and J. L. Blackshaw (A.S.H.V.E. Transactions, Vol. 39, 1933, p. 261). 
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obtain accurate determinations. Since occupants also give off moisture, 
the increase in humidity may also be used as an index of ventilation 
within a space. Humidity determinations are much simpler to make, 
but the accuracy may be affected slightly by absorption of moisture by 
hygroscopic materials such as fabrics and wood within the space. Meas- 
ured amounts of either carbon dioxide or water vapor may be added for 
test purposes. However, neither method is used at the present time, and 
more direct methods of measuring air supply and air distribution are 
in favor. 

MEASUREMENT OF RELATIVE HUMIDITY 

Wet- and dry-bulb mercurial thermometers are usually used to deter- 
mine relative humidity. The sling psychrometer is a common mounting 
of the thermometers to permit swinging. The wet-bulb wick and water 
for wetting it must be clean, and the temperature of the water should 
preferably be slightly above the wet-bulb temperature. An air stream 
velocity of 900 fpm is recommended, although velocities from 300 fpm 
to 1000 fpm have been found satisfactory for passage over the wet-bulb 
wick. The velocity may be obtained by whirling the thermometer or by 
aspirating air over the wet-bulb. In ducts, the air flow itself gives the 
proper evaporating conditions. Several observations should be made 
until the minimum temperature is reached. Relative humidity may be 
obtained from tables or psychrometric charts^®. Although it is common 
practice to use the charts which are based on a barometric pressure of 
29.92 in. mercury, a correction for barometric pressure is necessary for 
extreme accuracy. This correction is made by multiplying the relative 
humidity as determined from the chart by the ratio of the observed 
barometric pressure and the standard barometric pressure. 

For temperatures below 32 F, the water on the wick is allowed to 
freeze, during which time the temperature will drop below the true wet- 
bulb. A thin film of ice is more desirable than a thick one, and it is 
satisfactory to remove the wick and freeze a thin film directly on the 
bulb. Care must be taken to read the temperatures accurately due to the 
slight wet-bulb depressions. Tables for ice conditions must be used^°. 

The dew-point apparatus for humidity measurements consists of a 
polished plated container cooled by the evaporation of a volatile liquid 
within. The temperature at which the first slight water vapor forms is 
the dew-point. If the temperature is below 32 F, the deposit will appear 
as frost. Another method of determining humidity is by chemical means 
in which the water vapor is removed by a drying agent and weighed 
on a chemical balance. A thermal conductivity method is available for 
temperatures above 212 F or for extremely low humidities^^. 

DUST DETERMINATION 

The measurement of dust is complicated by the many kinds involved. 
Some of the collecting methods are impingement on viscous surfaces, 


wPsychrometric Tables for Vapor Pressure. Relative Humidity and Temperatures of the Dew-Point, 
(Z7. 5. Department of Agriculture, Weather Bureau, Washington, D. C.). 

“A Review of Existing Psychrometric Data in Relation to Practical Engineering Problems, by W. H. 
Carrier and C. O. Mackey (A.S,M.E. Transactions^ January, 1937, p. 33; Discussion, AS.M,E. Trans^ 
actions, August, 1937, p. 52S). 

s^Gas Analysis by Measurement of Thermal Conductivity, by H. A. Daynes {Cambridge Press, 1933). 
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impingement at high velocity under water, collection on porous crucibles 
through which air passes, and electric precipitation. Determination may 
be by direct weighing of samples or by microscopic counting. The most 
commonly used methods are the modified Hill dust counter using micro- 
scopic count, ^e Smith-Greenburg' impinger which collects samples in 
water and which are counted under a microscope in a Sedgwick celP^, 
and the Lewis sampling tube with the analytical determination of the 
increase in weight of a porous crucible. All reports should state the 
method of sanipling and counting. The A.S.H.V.E. Code for Testing 
and Rating Air Cleaning Devices Used in General Ventilation Work 
specifies the porous crucible method-^. 

HEAT TRANSFER THROUGH BUILDING MATERIALS 

The A.S.H.V.E. Standard Test Code for Heat Transmission Through 
Walls specifies the use of the guarded hot plate for tests on homogeneous 
materials. It further states that the mean temperature shall be at 60 F 
and the materials dried. 

This code describes the construction and use of the guarded hot box 
for determining overall heat transmission coefficients of built-up sections- 
The standard temperature range through the test section is specified as 
80 F and the mean temperature of the wall as 40 F. 

The Nicholls heat meter is very useful for determining the heat flow 
through walls of buildings^^. 

MEASUREMENT OF HEAT EXCHANGE FOR COMFORT CONDITIONS 

Several instruments have been devised to measure the effect of various 
factors as they relate to the comfort of the body. The principle ones are 
the Kata-thermometer, Dufton’s eupatheoscope, Vernon's globe ther- 
mometer, Winslow and Greenburg's thermo-integrator, and Yaglou's 
heated globe^®'^®. These instruments are attempts to stimulate and 
measure the heat exchanges between the human body and its environ- 
ment. In order to stimulate conditions of hard physical labor, the entire 
surface of the device is covered with a wet cloth. At present special 
attention is being given the thermo-integrator as a means of measuring 
radiant effects of environmental conditions. 

COMBUSTION ANALYSIS 

The analysis of flue gases to determine completeness and efficiency of 
combustion is usually made chemically with the Orsat apparatus. This 
consists of a measuring burette, a leveling bottle, and three pipettes. 
Carbon dioxide is absorbed in the first pipette by potassium hydroxide. 


^apublic Health Bulletin, No. 144, 1925, {U, S. Public Health Service). 

2®Teating and Rating of Air Cleaning Devices Used for General Ventilation Work, by S. R. Lewis 
(A,S.H.V.E. Transactions, Vol. 39, 1933, p. 277). 

24A,S.H.V.E. Research Report No. 685 — Measuring Heat Transmission in Building Structures and a 
Heat Transmission Meter, by P. NichoUs (A.S.H.V.E. Transactions, Vol. 30, 1924, p. 65). 

^^Instruments and Methods for Recording Thermal Factors Affecting Human Comfort, by C. P. Yaglou, 
A. P. Kratz and C.-E. A. Winslow (Year Book, American Journal Public Healthy 36-37). 

®fiThe Thermo- Integrator — A New Instrument for the Observation of Thermal Interchanges, by C.-E. 
A. Winslow and Leonard Greenburg (A.S.H.V.E. Transactions, Vol. 41, 1935, p. 149). , 
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oxygen in the second by potassium pyrogallate, and carbon monoxide in 
the third by cuprous chloride. A known volume of gas is drawn in, and 
after each of the three absorptions the reduced volume is again measured 
in the burette. Pressure and temperature of the gas sample are kept 
constant while measuring. Several passes are made through each pipette 
which contains tubes or glass beads to increase the wetted surface. It is 
essential that each reaction be completed before the next reaction is 
started. Since the life of the reagents is limited, it is well to keep a record 
of the number of samples tested. Care is needed in operation to prevent 
the pulling of reagents out of the pipettes into the capillary tubing and 
burette. Many recording gas analyzers are available and are usually 
found in the larger plants. 

SMOKE DENSITY MEASUREMENTS 

A common method of determining the relative density of smoke issuing 
from chimneys is by visual comparison with the Ringelmann Smoke 
Charts. A sheet of four ruled charts with varying weights of black lines 
is used. The sheet is 12 by 26 in. overall on which are four charts, each 
consisting of 294 squares, 14 wide and 21 high. The width of line and 
spacings is given in Table 1. 


Table 1. Ringelmann Smoke Chart Stagings 


Number 

OF Card 

Thickness of 

LINES, MM 

Distance in Clear 

Between Lines, mm 

1 

1.0 

9.0 

2 

2.3 

7.7 

3 

3.7 

6.3 

4 

5.5 

4.5 


The charts are placed 50 ft from the observer and in line with the stack 
to be observed. At this distance the lines disappear and the charts 
appear as varying shades of gray. At times a white chart is added as 
No. 0 to the left of the four charts 1 to 4, and a black chart to the right 
as No. 5. 

Apparatus using the photo-electric cell has been devised for recording 
smoke densities in large plants. 

CARBON MONOXIDE MEASUREMENT 

In garages and vehicular tunnels carbon monoxide is a constant 
potential danger. In small amounts it causes headaches and inefficiency, 
and in larger concentrations it causes collapse and death in rather short 
periods of exposure. A method of analyzing for carbon monoxide con- 
centrations completes the oxidation of the carbon monoxide in a known 
volume of sample, in the presence of a catalyst. The heat resulting is 
measured by a thermocouple calibrated in parts per 10,000 of carbon 
monoxide^. 


*>'A Carbon Monoxide Recorder, by S. H. Katz, D. A. Reynolds, H. W. Frevert and J. J. Bloomfield 
{U, S. Bureau of Mines, Technical Paper No. 355, 1926). 
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Chapter 36 


MOTORS AND MOTOR CONTROLS 


Direct Current Motors^ Alternating Current Motors for Single 
Phase and Polyphase^ Special Applications^ Classification of 
Motors, Manual Control, Automatic Control, Pilot Controls, 

Direct Current Motor Control, Squirrel Cage Motor Control, 
Multispeed Motor Control, SUp Ring Motor Control, Single 
Phase Motor Control 

T he electric motor, available in many different t5q)es suitable for 
various services, is now the most widely used form of prime mover. 
The equipment for starting, controlling and protecting these motors varies 
with the type and with the functions it is desired to attain. Motors used 
for heating, ventilating and air conditioning applications may be divided 
into two general classifications as follows: 

1. For use with direct current. 

2. For use with alternating current. 


DIRECT CURRENT MOTORS 

There are three types of direct current motors available: 

1. Shunt Wound. 

2. Compound Wound. 

3. Series Wound. 

Shunt Wound motors, being suitable for application to fans, centrifugal 
pumps, or similar equipment, where the amount of starting torque required 
is relatively small, are used for the majority of applications in the field of 
heating, ventilating and air conditioning. They may be used on recipro- 
cating pumps and compressors, if started under unloaded conditions. 

Compound Wound motors are required for application to compressors, 
stokers, reciprocating pumps when started under loaded conditions, and 
also when applied to similar equipment where high starting torque is 
required. Whenever frequent starting makes high starting and accelerat- 
ing torque desirable, or where sudden changes of load are encountered, 
compound wound motors are used. 

Series Wound motors find only limited application in a few special cases 
and are available in only a limited range of sizes. 
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Speed Characteristics 

Direct current motors are available with speed characteristics of four 
types: 

1. Constant speed. 

2. Adjustable speed. 

3. Adjustable varying speed. 

4. Varying speed. 

Constant Speed motors may be shunt wound or compound wound. 
Shunt wound motors have a nearly flat speed-load characteristic, with a 
regulation of 15 per cent for up to ^ hp, 12 per cent for one to 5 hp and 
10 per cent for 73^ hp and larger, based on full load speed. 

Compound wound motors have a speed regulation over the range from 
full load to no load of not more than 25 per cent, based on full load speed. 

Adjustable Speed motors are usually shunt wound since it is impractical 
to maintain the proper relation between the shunt and series fields of 
compound wound motors when wide variations of the field strength are 
required to obtain the speed adjustment. 

Adjustment of the speed of shunt wound motors is obtained by field 
control on motors rated at hp and larger, with the minimum or base 
speed at full field strength and higher speeds at reduced field strength 
(obtained by adding resistance in the field circuit). The speed regulation 
from no load to full load will not exceed 22 per cent for 2 to 5 hp; nor 
15 per cent for hp and larger. Below 2 hp, the regulation may exceed 
22 per cent. If closer speed regulation is required, specifically wound 
motors must be obtained. 

Practically constant horsepower output is obtained at all speeds up to a 
ratio of 2 to 1. For higher speed ratios, the horsepower rating at the 
minimum speed is less than at the maximum speed, this difference varying 
with the speed ratio. High efficiency is maintained over the entire speed 
range. Most listed constant speed motors are suitable for operation up to 
a speed ratio of 2 to 1 by the use of proper control equipment. 

Adjtistable Varying Speed motors may be either shunt or compound 
wound and speed adjustment is obtained by adding resistance in series 
with the armature. The speed thus obtained is always below the rated 
full-field speed. Any standard shunt or compound wound constant speed 
motor may be used in conjunction with the proper armature resistor. 
The usual range of speed reduction is 50 per cent. The speed obtained 
for any setting of the resistor depends on the load of the motor and will 
vary with this load. 

The speed regulation at high speed is comparable to a constant speed 
motor, but becomes poorer as the speed is decreased. 

When operating at reduced speed, an increased torque requirement 
which the motor could easily handle at rated speed is easily sufficient 
to stall the motor; for example, a motor operating at two-thirds speed 
would be stalled by a torque about 60 per cent in excess of the normal 
requirement. 

The efficiency of the motor is reduced as the speed is reduced, since the 
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loss in the resistor is greater at lower speeds. Speed reduction by armature 
control is usually selected where: 

1. A wide speed range is not required. 

2. Close speed regulation is not necessary. 

3. Operating time at reduced speed is short. 

4. Operating load at reduced speed is small so that the reduced efficiency can be 
ignored. 

5. The rating is less than 1 hp. 

Varying Speed' motors are series wound and the speed varies with the 
load on the motor. They should be used where: 

1. The load is practically constant or increases with speed. 

2. The motor can easily be controlled by hand. 

They should not be used where there is a possibility of operation 
without load or at a reduced load, as the speed of the motor may become 
dangerously high. 

For shunt wound motors with full field strength, the starting torque 
varies almost directly with the starting current, which is dependent on the 
resistance in the armature circuit. With varying positions of the starting 
rheostat, it is possible to obtain a wide range of starting torque, within 
the limits of starting current permitted by the power company. 

A compound wound motor requires somewhat less current for the same 
starting torque. The maximum torque of shunt, series, and compound 
wound motors is limited by commutation. 

ALTERNATING CURRENT MOTORS 

Alternating current motors may be divided into two main groups, 
namely, (1) those operating on single phase current, and (2) those oper- 
ating on polyphase current. 

1. Single phase motors are available in four common types: 

a. Capacitor motors. 

1. Full capacitor. 

2. Capacitor start induction run. 

b. Repulsion induction motors. 

c. Repulsion start, induction run motors. 

d. Split phase motors. 

2. Polyphase (2 or 3 phase) motors are available in four common types: 

a. Squirrel cage induction motor. 

h. Automatic start induction motor. 

c. Slip ring, wound rotor induction motor. 

d. Sjmchronous motor. 

Where the public utility supplying the current determines that a 
particular installation should be served with polyphase current, it is 
generally understood that the major portion of the motors will be for 
polyphase current, although it is commonly acceptable for the smaller 
motors to be single phase. This will limit the use of single phase current 
to the smaller motor ratings and the polyphase to the larger motors. 
Domestic and semi-commercial installations will invariably be single phase. 
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Single Phase Motors 

Capacitor type motors are available in ratings up to 10 or 15 hp for 
general purposes. These motors are recommended for pumps, compressors 
and fan duty including housed centrifugal fans and propeller fans. The 
general purpose motor is commonly known as a high torque capacitor 
motor having approximately 300 per cent starting torque with normal 
current and having a different value of capacitance for starting and 
running which is automatically changed over by a mechanical or electrical 
means. 

Capacitor motors for fan duty are usually divided into the open high 
torque type for belted fans and the totally inclosed non-ventilated low 
torque type for propeller fans mounted directly on the motor shaft. The 
open low torque capacitor motor may be used with small centrifugal fans 
mounted on the motor shaft. 

Although the motors for belted fans are called high torque, the available 
starting torque is somewhat less than the torque of the general purpose 
motor and the slip at full load is approximately 8 per cent. With this 
larger amount of slip, adjustable speed down to 60 or 70 per cent of rated 
speed may be obtained by line voltage variation. Motors for propeller 
fan drive may be supplied with sleeve bearings to obtain greater quietness 
in the smaller sizes where the fan thrust does not exceed approximately 
25 lb. For larger fans, thrust ball bearing motors should be used. Low 
torque capacitor motors have approximately 50 per cent starting torque 
and do not change the value of capacitance from start to run. 

Capacitor motors with high slip may have taps brought out from the 
main winding which, when connected to the line, give a second speed of 
from 65 to 70 per cent of the normal speed. This type of motor must be 
specially designed for the individual fan, otherwise the correct low speed 
will not be obtained. Care should be exercised in applying it to centrifugal 
fans where restriction to the air flow through the use of adjustable dampers 
changes the motor load and consequently the speed. This same effect is 
also found in transformer speed controllers, however, a series of trans- 
former taps allows for a selection which partially overcomes the effect of 
change in motor load. 

Capacitor start-induction run motors are usually confined to the smaller 
horsepower ratings and differ from the capacitor motors by having no 
running capacitor. The value of starting capacitance used may vary with 
the different types of applications involved. These motors may be used 
for practically any of the applications met in air conditioning. However, 
consideration should be given to the fact that they are not as quiet as a 
capacitor motor. 

Repulsion induction motors start as repulsion motors and operate under 
full speed as combined repulsion and induction motors through the in- 
herent characteristics of the motor which has, In addition to the wire 
winding with commutator, a buried squirrel cage winding. No additional 
switching devices are required to change over from start to run. This and 
the repulsion motor described later may be used for constant speed 
drives where high starting torque is required and where commutator and 
brush noise is not a factor. 
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The repulsion start-induction run motor starts as a repulsion motor, 
has a switching means for transferring from start to run which short 
circuits the commutator and permits operation under full speed as a 
wound induction motor. This motor is suitable for applications similar 
to those for which the repulsion induction motor is used. 

The split phase motor has a high resistance auxiliary winding in the 
circuit during^ starting which is disconnected through the action of a 
centrifugal switch as the motor comes up to speed. Under running con- 
ditions, it operates as a single phase induction motor with one winding in 
the circuit. These units are available for the lower horsepower ratings and 
when equipped with a high slip rotor may be used for adjustable varying 
speed through line voltage control. 

Polyphase Motors 

Squirrel cage induction motors are available in three types and a full 
range of sizes: 

1. The nonnal torque, normal starting current squirrel cage motor has close speed 
regulation, high efficiency, high power factor, medium starting torque, high pull-out 
torque, and is suitable for general purpose applications. This motor has a large current 
inrush and a low starting current power factor. It operates with these characteristics 
only when started directly across the line on full voltage. When central stations require 
current limiting starting equipment on such motors, the starting torque is less. Current 
limiting hand operated starters are standard equipment. 

2. The normal torque, low starting current squirrel cage motor has approximately the 
same torque as the normal current motor, but the starting current is about 20 per cent 
less than the normal torque motor on full voltage and ordinarily within the Edison 
Electric Institute locked rotor current limits on sizes up to 30 hp. 

This motor lends itself to automatic or remote control because no current limiting 
starting equipment is necessary up to and including 30 hp. A magnetic starter with low 
voltage and thermal relay overload protection gives the most satisfactory service. 

3. The high torque, low current squirrel cage motor has a starting torque approxi- 
mately 25 to 50 per cent greater than the normal torque motor on full voltage with 
starting current approximately 10 per cent less than the normal torque motor started on 
full voltage, but within the required limits on 30 hp sizes and smaller. These motors are 
also started directly across the line on full voltage through a magnetic starter or other 
approved starting device. 

These three types of motors are also available in two, three, or four 
speed designs with variable torque, or constant torque characteristics. 
Two speed motors may be either single, or two winding; three speed 
motors are single, two, or three winding; and four speed motors are two, 
three, or four winding. When a motor is wound with a winding for each 
speed, better operating characteristics may be obtained because no 
sacrifice is made for the other speed and operating characteristics ap- 
proaching single winding motors may be expected. 

Frequently, multispeed motors lend flexibility to an installation that 
cannot be obtained in any other way. 

Multispeed motors are started directly across the line through magnetic 
starting equipment with overload and low voltage protection and com- 
pelling relays to insure starting on low speed regardless of the ultimate 
running speed. Starting on low speed limits the starting current to the 
starting current of the low speed winding and consequently lowers the 
maximum demand. 
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Table 1. Classiticatiok of Motors 


CUBBENT 

Type 

Speed 

Cbajuo- 

TSRisncs 

Fm Voltage 

Hp 

^ Ttpb op 

SrABTiNa 
Toequs j 

Stabtino 

CUERENT 

‘ 1 

Range 

See Footnote* 



Constant Speed Drives 




1. Shunt 

Constant 

Medium 

Medium 

All 

(a) Fans and 
(c) Centrifugal 
Pumps 

Direct 

2. Compound 

Constant 

or 

Variable 

High 

Medium 

All 

(6) (c) (e) Recipro- 
cating Pumps and fre- 
quenter hand starting 


3. Series 

Variable 

High 

Medium 

Small 

(d) Fans direct 
connected 


4. Squirrel Cage 
General Purpose 

Constant 

Normal 

High 

6-8 Times 

All 

(a) Fans and 
(c) Centrifugal 
Pumps 


5. Squirrel Cage 
Medium Torque 

Constant 

Normal 

Medium 
5-6 Times 

Medium 

Small 

(a) Fans and 
Centrifugal Pumps 


6. Squirrel Cage 
High Torque 

Constant 

High 

Medium 
5-6 Times 

Medium 

Small 

(b) Reciprocating 
Pumps 

(e) and Compressors 
started loaded 

Poly- 

phase 

7. Automatic Start 
High Torque 

Constant 

High 

Low 

3 Times 

Medium 

(b) Reciprocating 
Pumps 

(e) and Compressors 
started loaded 


8. Slip Ring 

Wound Rotor 

Constant 

High 

Low 

1-3 Times 
with sec- 
ondary 
control 

All 

(a) and Hoists 

(b) Reciprocating 
Pumps 

(c) and Frequent 
(e) or Hand Start 


9. Synchronous 

High Speed 

Constant 

Medium 

Medium 
5-7 Times 

Medium 

Large 

(a) Fans and Cen- 
trifugal Pumps 


10. Synchronous 

Low Speed ' 

Constant 

Low 

Low 

3-4 Times 

Medium 

Large 

(a) Reciprocating 
Compressors start- 
ing unloaded 

Single 

PHASE 

11. Capacitor 

Constant 

High 

Normal 

Medium 

Small 

(b) Pumps and 
Compressors 


^Applications: 

a. Drives having medium or low starting torque and inertia {WR?) such as fans and centnfugal pumps 
or reciprocating pumps and compressors started unloaded 

b. Drives having high starting torques, such as reciprocating pumps and compressors started loaded. 

c. Similar to (o) except where frequent or hand starting (large WR?) requires a higher starting and 
accelerating torque. 

d. Fans direct connected. 

e. Stoker drives. 
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Table 1. Classification of MoTORS—CContinued) 


Current 

Type 

Speed 

1 Fcui Voltage 

Hp 

Type op 

CHm.c- 1 
TBRISTICS I 

1 

1 

Starting 
Torque ; 

Starting 

Current 

Range 

Application 

See Footnote* 


12. Capacitor Fan 

Constant 

i 

High 

Medium 

Medium 

Small 

(a) Fans — belted 


13. Capacitor Fan 

Constant 

Low 

Medium 

Medium 

Small 

(dj Fans — direct 


14. Capacitor Start 
Induction Run 

Constant 

Any 

Medium 

Medium 

Small 

(a) Fans 

(b) Pumps and 
Compressors 

Single 

PHASE 

15. Repulsion 
Induction 

Constant 

High 

Medium 

1 

Medium 

Small 

(a) Fans 

(b) Pumps and 
Compressors 


16. Repulsion Start 
Induction Run 

Constant 

High 

Medium 

Medium 

Small 

(a) Fans 

(5) Pumps and 

Compressors 


17. Split Phase 

Constant 

and 

Adjust- 

able 

Medium 

Medium 

Frac- 

tional 

(a) Fans 

(5) Pumps and 

Compressors 



Adjustable Speed Drives 



Direct 

18. Shunt Field 
Adjustment 

19. Shunt Armature 
Resistor 

Constant 

Variable 

Medium 

Medium 

Medium 

Medium 

All 

All 

(a) Fans and 
(e) Centrifugal 

Pumps 

(a) Fans and 
(e) Centrifugal 

Pumps 


20. Squirrel Cage 
High Slip, 
Tapped Winding 

Variable 

Medium 

Medium 

Medium 

Small 

(o) Fans 

Poly- 

phase 

21. Squirrel Cage 
High Slip, Trans- 
former Adjust- 
ment 

Variable 

Medium 

Medium 

Medium 

Small 

(a) Fans 


22. Squirrel Cage 
Separate Wind- 
ing or Regrouped 
Poles 

Constant 

Multi- 

Speed 

Medium 
or High 

Low 

All 

(a) Fans 

(b) Pumps and 

U) Compressors 
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Table 1. Classification of Motors— (Concluded) 


CcfREENT 

Tspb 

Speed 

Charac- 

TEBICTICS 

Full Voltage 

Hp 

Type op 
Application 

See Footnote* 

Starting 

Torque 

Starting 

Current 

Range 

Poly- 

phase 

23. Wound Rotor, 
Slip, Ring, Ex- 
ternal Secondary 
Resistance 

Variable 

High 

Low 

All 

(a) Fans and 
(h) Centrifugal 
Pumps 


24. Capacitor High 
Torque Tapped 
Winding 

Variable 

High 

Normal 

Medium 

Low 

(a) Fans, belt 


25. Capacitor Low 
Torque Tapped 
Winding 

Variable 

Low 

Medium 

Medium 

Low 

[d) Fans, direct 

Single 

PHASE 

26. Capacitor High 
Torque Trans- 
former Adjust- 
ment 

Variable 

Low 

Low 

Frac- 

tional 

{d) Fans 


27. Capacitor Low 
Torque Trans- 
former Adjust- 
ment 

Variable 

Low 

Low 

Frac- 

tional 

(d) Fans 


28. Split Phase 
Regrouped Poles 

Constant 

Normal 

Normal 

Frac- 

tional 

(d) Fans 


Often where the central station requires current limiting starting 
equipment for the normal torque, normal starting current motor, it is 
advisable to use the normal torque low starting current multispeed motor. 

High slip polyphase motors may be used for adjustable varying speed 
drives in a manner similar to that described for capacitor motors, with 
either a transformer speed regulator or tapped motor windings. 

It is' apparent from these motor characteristics that a squirrel cage 
motor may be selected for operating any air conditioning and alli^ 
equipment. 

Automatic start induction motors are constructed with two windings on 
the rotor, one of which is a high resistance, squirrel cage winding used in 
starting and gives a high starting torque approximately the same as the 
high torque, squirrel cage. A centrifugal mechanism within the motor 
switches to the second low resistance winding when the motor comes up to 
speed, thus obtaining running characteristics equal to the normal torque, 
normal current squirrel cage motor. The power factor of the starting 
current is high. 

Slip ring wound rotor motors are built for two classes of service, con- 
stant speed and adjustable variable speed. The motors are identical in 
each case and use the same primary control, the only difference b^ing in 
the secondary control. 
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Slip ring motors for constant speed service are used where high starting 
torque with low starting current is required for bringing heavy loads up 
to speed. The resistance is in the secondary or rotor circuit, only when 
starting, and is short circuited when the motor is up to speed. 

For adjustable vaiying speed service, part or all of the secondary 
controller resistance is in the circuit whenever the motor is operating 
below full speed. The speed obtained with a given resistance in the 
secondary circuit is dependent on, and changes with the load on the 
motor. The horsepower developed by the motor is approximately pro- 
portional to the speed, whereas the power required by the motor is 
practically the same at reduced speed as at full speed, hence the efficiency 
at reduced speeds is much lower than at full speed. 

Synchronous motors are ordinarily used only where there is a need for, 
or advantage in, obtaining power factor correction. It is necessary to 
consider each application as a special case which must be individually 
engineered, since for satisfactory operation, the combined moment of 
inertia of the compressor fly wheel and motor rotor must be correctly 
established. 

The general classifica.tion of motors used for heating, ventilation and 
air conditioning is shown in Table 1. 

SPECIAL APPLICATIONS 

A few applications of motors may require special constructions such as 
splash proof, explosion proof, fully enclosed, and self-ventilated to meet 
hazardous or special duty conditions. These requirements are frequently 
encountered in certain industrial applications, in which cases it is neces- 
sary to select the motors from the viewpoint of service conditions, as well 
as the required operating characteristics to meet the demands of the 
machines being driven. 

CONTROL EQUIPMENT FOR MOTORS 

In selecting control for alternating and direct current motors it is 
necessary to determine whether the installation is to be operated by 
manual or automatic control. The available controls and the function of 
each group of apparatus may be outlined as follows: 

1. Manual Control: 

а. To establish current. 

(1) Snap switch. 

(2) Knife switch. 

(3) Manually operated contactor. 

(4) Drum switch. 

б. Establish current and add overload protective device. 

(1) Snap switch with overload element. 

(2) Knife switch with fuse or thermal cutout. 

(3) Manual contactor with overload protective device; also reduced voltage 
stzuTing compensator. 

(4) Drum switch with overload protection. 

c. Establish current and add overload and low voltage protective devices, 

(1) Not used. 

(2) Not used. 
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(3) Manual contactor or reduced voltage compensator with overload and low 
voltage release. 

(4) Drum switch equipped with latch coil to give low voltage release. 

2. Automatic Control: 

a. To start on full voltage. 

(1) Without overload device. 

(2) With overload device. 

fS) With combination overload device and knife switch. 

b. Reduced voltage starting. 

(1) Primary resistance type starter. 

(2) Auto compensator type. 

(3) Reactance type. 


PILOT CONTROLS 

In selecting pilot control devices to operate in conjunction with either 
manual or automatic motor control, it is necessary that they be classified 
as follows: 

1. Two Wire Control. Most thermostats, float switches, and pressure regulators 
provide two wdre control which gives low voltage release. A three position pilot switch 
can be used in connection with this method and thus provide manual control. With a 
low voltage (12 or 20 volt) control circuit it is desirable to use a low voltage thermostat. 
When this t3q5e of thermostat is used it will be found that a saving in the wiring cost 
results. When using the low voltage thermostat on a control circuit a relay and trans- 
former panel should be used instead of the low voltage coil on the starter. 

2, Three Wire Control. Momentary contact start and stop push button stations are 
usually furnished as standard accessories with automatic starters, which give low 
.voltage protection. This control cannot be used in combination with two wire pilot 
devices. 

In selecting manual control for an alternating or a direct current motor, 
the common practice is to locate the control near the motor. When the 
control is installed at the motor, an operator must be present to start and 
stop or change the speed of the motor by operating the control mechanism. 
Frequently manual control is employed only as a device to give overload 
protection and another device is employed to start and stop the motor. 
Manual control is used particularly on small motors which operate unit 
heaters, small blowers, and room coolers in an air conditioning system. 
In other cases manual control in the form of drums, when used with 
multispeed motors, is only used as a speed setting device with the starting 
and stopping functions operated automatically through thermostats, and 
pressure switches. 

Because of the increasing complexity of air conditioning systems, 
heating, ventilating and air conditioning equipment is being operated on 
automatic control with less dependence on manual operation and regu- 
lation. 

Automatic control of motor starters may be accomplished by the use of 
remote push button stations, by a thermostat, float switch, pressure regu- 
lator or other similar pilot devices. An added advantage of automatic 
control is that the main wiring for the starter may be installed near the 
motor, while the starter may be operated by a control device located else- 
where. In the majority of air conditioning installations, requiring motors 
1 hp and larger, two or three phase alternating current is usually supplied. 
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DIRECT CURRENT MOTOR CONTROLS 

Air conditioning installations using direct current power are now only 
used where alternating current is not available. Direct current motors 
are always started through starters, which are devices using a resistance 
to be put in series with the armature circuit during starting only, the 
resistance being gradually cut out as the motor comes up to speed. The 
starting current is held within safe limits by the use of the resistance. 

The speed of a direct current motor may be regulated by the following 
methods: 

1. Speed regulation by field control — ^by using a device with resistance to be put in 
series with the field winding. After the motor has been started to be used to increase the 
speed of the motor above full field speed. 

2. Speed regulation by armature control — ^by using devices with resistance to be put 
in series with the armature circuit to be used to reduce the speed of the motor below full 
field or normal speed. 

3. Combinations of field and armature control, so that the starting, field control, or 
armature control may be combined in a single unit. 

Field control is usually preferred, depending on the size of the instal- 
lation. ^ For example, if a direct current motor were required with speed 
regulation between 1200 and 600 rpm, a choice of supplying a 1200 rpm 
motor with armature control or a 600 rpm motor with field control, both 
giving the same speed variation would be possible. While the 1200 rpm 
motor with armature control is lower in first cost than the 600 rpm motor 
with field control, the cost of operating the 600 rpm motor with field 
control is less and will save the difference in first cost over a period of time 
depending on the size of installation. A wide speed variation can be easily 
obtained in a direct current motor by using a combination of field and 
armature control. 


SQUIRREL CAGE MOTOR CONTROL 

To meet the requirements of various drives of an air conditioning 
system, three types of squirrel cage, two or three phase motors may be 
used: 

1. Normal torque, normed starting current. 

2. Normal torque, low starting current. 

3. High torque, low starting current. 

Because of the large current inrush of the normal torque, normal 
starting current motor, central stations usually require current limiting 
starting equipment on such motors above 5 hp. To meet the starting 
current requirements, manual or automatic current limiting starting com- 
pensators are used. These compensators are equipped with 50, 65 and 
80 per cent voltage taps, the 65 per cent tap being regularly furnished 
when the compensator leaves the factory. Motors 5 hp and smaller have 
starting currents within the requirements of central stations and manual 
or magnetic, full voltage control may be used. 

The normal torque, low starting current motor has a starting current 
which is approximately 20 per cent less than the normal current motor on 
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full voltage and well within the required current limits on 30 hp sizes and 
smaller. This motor, therefore, lends itself to across-the-line control 
because no current limiting equipment is necessary. In selecting motors 
for fans, pumps, or blowers, it should be noted that while the cost of the 
normal starting torque, low starting current motor is higher, the cost of 
full voltage control is lower, so that the total cost of low starting current 
motors with across-the-line control is lower. 

A magnetic starter with low voltage arid thermal overload protection 
gives the most satisfactory service. These switches may be controlled 
by remote push button stations, thermostats, or pressure switches to 
meet the requirements of any particular installation. 

The high torque, low starting current motor has a starting current 
approximately 10 per cent less than the normal torque, low starting cur- 
rent motor when started on full voltage. These motors, most commonly 
used on compressor drive, can be started directly across-the-line with 
manual or magnetic starters. 

Adjustable varying speed motor control by terminal voltage regulation 
requires a tap-changing switch manually or magnetically operated. Such 
a control switch operates to alter the voltage applied to the motor by 
contacting different auto-transformer voltage-ratio taps or by changing 
the amount of resistance inserted in the primary or line circuit. 

MULTISPEED MOTOR CONTROL 

To make an installation more flexible, multispeed motors are available 
with two, three or four speed designs, with variable torque, constant 
torque or constant horsepower characteristics. Multispeed may be 
started by means of manual or magnetic starting equipment. 

When using automatic magnetic control with two, three, and four 
speed separate winding or consequent pole motors, control is obtained 
from a remote point by means of a push button master switch. The 
various speeds of the motor are obtained from the master switch by 
simply depressing the correct push button, which is known as selective 
speed control. It is commonly used in the smaller theater installations 
where the fan and motor are located backstage and the speed control is 
located in the lobby. 

Magnetic multispeed motor controllers may also be provided with a 
compelling relay which makes it necessary that the operator press the first 
speed button before regulating the motor to the desired speed. This 
assures the operator that the motor is always started at low speed before 
the motor is adjusted to one of the higher speeds. Starting on low speed 
limits the starting current to the starting current of the low speed winding, 
and Aerefore, permits the use of motors in sizes larger than ordinarily 
permitted by central stations for full voltage starting. 

Timing relays, which provide for automatic acceleration, may be used 
for control. With the automatic acceleration feature, it is only necessary 
to press the button for the desired speed. The motor will always start 
in low speed and automatically step up to the desired speed. 

Where the change of speeds does not occur at regular intervals, and 
where it is only necessary to change from one speed to another to take 
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care of seasonal requirements, a manual drum speed selector may be used. 
This drum is used to select the proper motor speed while an automatic 
starter is used to start and stop the motor. 

The smaller size speed selector drums rated 10 hp at 220 volts and 
smaller may also be used as a motor starter to make and break the current, 
as well as serving as a speed selector device. Reversible or non-re- 
versible drums may be supplied depending on the requirements of the 
installation. 

In the large size drums, a separate contactor must be provided to make 
and break the current. The contactor may be any approved starter. 
Overload and low voltage protection may be accomplished by using a 
magnetic starter.^ No push button station is required, the handle switch 
on the drum having the same characteristics as a three wire push button 
station. 

In selecting two speed motors for fan, pump, blower, or compressor 
drive it will be found that the two winding motors are more expensive 
than the single winding. The control for two speed, two winding motors 
is more economical and the combined price of the motor and contactor is 
only slightly higher. Because of the better performance of the two speed 
motor and the factor of safety in having two independent motor windings, 
the increased cost is considered worth the difference. 


SLIP RING MOTOR CONTROL 

When close speed regulation and low starting current are required slip 
ring or wound rotor motors are used. Slip ring motors are built for two 
classes of service, constant speed and adjustable varying speed. The 
motors for the two classes of service are identical, the only difference 
being in the secondary control used with the motors. Control for both 
primary and secondary of a slip ring motor is required. 

The primary control for a constant or adjustable speed is the same type 
as used with squirrel cage motors. Manual or magnetic starters, across- 
the-line type, may be used depending on the installation. 

The starting current and starting torque of a slip ring motor are almost 
entirely dependent on the amount of resistance in the secondary control 
and in the manner in which the secondary control is operated. The 
National Electric Manufacturers Association has adopted service classi- 
fications which allow a selection of resistors permitting a starting current 
on the first contact of resistance varying from approximately 25 per cent 
of full load current to approximately 200 per cent of full load current or 
more, and permitting the resistor to remain in the secondary circuit of the 
motor for a period varying from not more than 15 seconds during an 
interval of operation from 4 minutes to continuous. 

Speed regulation of a slip ring motor is obtained by inserting resistance 
in the secondary circuit and usually provides for a 50 per cent speed 
reduction when the motor takes its full rated current at normal speed. 
As resistors are supplied for both fan duty and constant torque duty, care 
should be taken in selecting the proper resistors. 

Slip ring motors when used with centrifugal pumps and fans should have 
fan duty resistors. Because of the low current inrush of the fan and pump 
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load a starting resistor NEMA classification No. 15 may be used. For 
speed regulation resistor, classification No. 93 should be selected. On a 
compressor drive using an unloader, a constant torque resistor classi- 
fication No. 15 should be used. If the compressor is started under load, 
NEMA classification No. 56 or 76 is used. For constant torque speed 
regulation, resistor No. 95 is used. 

SINGLE PHASE MOTOR CONTROL 

Where three phase current is not available or where single phase opera- 
tion is preferred, then single phase repulsion induction, capacitor type or 
multispeed single phase motors may be used. Since the starting currents 
of all single phase motors are required to be within the starting-current 
limits established by the local power supply company, a suitable type of 
starter may be chosen from the following selection : 

1. Enclosed two pole manually operated motor starters with thermal overload 
protection. 

2. Enclosed two pole automatic motor starter operated by a push button, thermostat 
or similar device, with thermal overload relay and low voltage protection. 

3. A manual or magnetic resistance t 5 T)e starter with low voltage protection. 

4. A manual or magnetic control for pole changing motors and for adjustable var 3 dng 
speed motors using an auto-transformer or resistance in the primary circuit to obtain 
line (or terminal) voltage drop. 

In selecting across-the-line control for single phase capacitor type 
motors it is usually very desirable to use three pole across-the-line starters. 
Control for multispeed, single phase capacitor motors may be selected 
from tables on three phase rating when consideration is given to the 
increased current and the necessary switching of connections. 
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Chapter 37 


AIR CONDITIONING IN THE TREATMENT 
OF DISEASE 


Operating Rooms, Reducing Explosion Hazards, yur series 
for Premature Infants, Fever Therapy, Cold Therapy, High 
Temperature Hazards, Control of Allergic Disorders, Oxygen 
Therapy, General Hospital Air Conditioning 

I N the past few years air conditioning has made considerable progress 
as an adjunct in the treatment of various diseases. Among the 
important applications are those in operating rooms, nurseries for 
premature infants, maternity and delivery rooms, children’s wards, 
clinics for arthritic patients, heat therapy, cold therapy, oxygen therapy, 
X-ray rooms, the control of allergic disorders, and for the physiological 
effects in industry. 

OPERATING ROOMS 

The widest application of air conditioning in hospitals is in operating 
rooms. Complete air conditioning of operating wards is important 
because winter humidification helps reduce the danger of anesthetic 
gases; summer cooling with some dehumidification is needed to eliminate 
^cessive fatigue and to protect the patient and operating personnel; and 
finally, filtering for the removal of allergens from the operating room air. 

Reducing Explosion Hazard 

Explosion hazards in operating rooms began with the introduction of 
modern anesthetic gases and apparatus. Ether administered by the old 
drop method is still regarded as comparatively safe; but when mixed 
with pure oxygen or with nitrous oxide in certain concentrations the 
explosion hazard may be as great as with ethylene-oxygen, or cyclopro- 
pane-oxygen mixtures^ (See Table 1.) 

During the course of ethylene anesthesia, the mixture, usually 80 
per cent ethylene and 20 per cent oxygen, is so rich that the danger of 
explosion is slight in the immediate vicinity of the face mask, but leakage 
of ethylene into the air may accumulate to any lower concentration, and 
thus introduce a serious hazard. The most dangerous period is at the 
end of the operation when the patient’s lung:s and the anesthesia apparatus 
are customarily washed out with oxygen with or without the addition of 


^Safeguarding the Operating Room Against Explosions, by Victor B. Phillips {Modern Hospital, 46, 
April and May, 1936). 
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carbon dioxide. Even when this procedure is omitted, it is difficult in 
practice to avoid dilution of the anesthetic gas with air during the normal 
course of breathing following the administration. In either case the 
mixture would pass through the explosion range and extraordinary 
precaution is necessary for the safety of the patient and operating 
personnel. 

Copious ventilation from 6 to 12 air changes per hour reduces to some 
extent the danger from the open drop method but is of little value in the 
closed system type of anesthetic machine now in common use. However, 
this abundant circulation reduces the concentration of anesthetic gases 
to below the physiologic threshold so that the surgeon and his personnel 
will not be affected. 

The most important cause of accidents is probably static sparks which 
may result from accumulation of frictional charges on the rubber surfaces 
of the anesthesia apparatus, on woolen blankets, and on the bodies of 
the operators as they walk on insulated floors, when the humidity is low. 
Grounding the various parts of the anesthesia apparatus is not entirely 


Table 1. Explosive Properties of Anesthetics^ 


Anesthsttic 

1 

Formtjla. 

Density 
Am = 1 

Lmrrs of 1nfla.ms£ability 

1 In Am 

1 In Oxygen 

Lower 

Upper 

Lower 

Upper 

Ethylene 

Off* 

0.97 

2.75 

28.6 

2.90 

79.9 

Propylene 


1.45 

2.00 

11.1 

2.10 

52.8 

Cyclopropane 

CzHi 

1.45 

2.40 

10.3 

2.45 

63.1 

Nitrous Oxide 

NiO 

1.52 



1 Not Inflammable 

Ethyl Chloride 

CiHtCl 

2.23 

4.00 

14.8 



Ether-diviny] 

(C2H^)20 

2.42 

1.70 

27.0 

1.85 

85.5 

Ether-diethyl 


2.56 

1.85 

36.5 

2.10 

82.0 

Chloroform 

! 

CHCh 

4.12 



Not Inflammable 


aExplosion and Fire Hazards of Combustible Anesthetics (Z7. 5. Bureau of Mines, Report of Invest!-, 
gations No. 3443, April, 1939). 


effective, so long as rubber remains in use in the conventional equipment. 
Some form of protective grounding within the apparatus may be a partial 
solution. 

A comprehensive study of the explosion problem and of the general 
causes and prevention of operating room hazards is being conducted 
by the University of Pittsburgh, the A.S.H.V.E. Research Laboratory, 
and the C/. S. Bureau of Mines. The first result of this investigation has 
been a fruitful attempt to eliminate the explosive range of cyclopropane, 
one of the best but most difficult gases to handle. The use of helium as a 
diluent in the total gaseous mixture controls the oxygen concentration by 
replacement and since its flame quenching qualities are known it is the 
ideal gas for this purpose. In addition, a gaseous mixture containing 
helium is more difficult to ignite by electric discharges and this quality 
also increases the safety factor of anesthetic administration. A more 
general idea of the mixtures containing cyclopropane, oxygen and helium 
necessary to produce satisfactory anesthesia is given in Table 2. Clini- 
cally and with slight variation, the non-inflammable mixtures of Table 2 
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have produced satisfactory results and samples of gas taken during 
operation show no tendencies to explosion. 

In the absence of more understanding, no single safeguard can be given, 
but desirable precautions may be classed as follows: (1) to limit the 
region of the explosive gas mixtures; (2) to make all electric contacts 
explosion-proof; (3) to avoid building up static charges; (4) to ground 
those surfaces where charges may be built up; and (5) to discourage 
accumulation of static electrical charges by humidity control. 

Operating Room Conditions 

Little is known about optimum air conditions for maintaining normal 
body temperatures during anesthesia and the immediate post-operative 
period. An anesthetized patient displays dilatation of blood vessels in 
the skin resulting in profuse sweating and (it has been believed) inability 
to regulate body temperature. From this it was concluded that all 
anesthetized patients suffered considerable heat loss. In spite of this a 
recent paper^ reports little more than 0.8 F variation in the rectal tem- 
perature during the course of the operation. The severe physiological 

Table 2. Non-inflammable Mixtures for Anesthetic Use^ 


Mixture 

No. 

j 

Composition, Per Cent by Volume 


i 

1 

Cyclopropane 

1 Oxygen j 

Hehum 

1 

1 

1 

15 

1 20 ‘ 

65 

2 

1 

20 

20 : 

60 

3 

1 

i 

25 

25 

60 

4 


30 

30 ! 

1 

40 


^.Explosive Properties of Cyclopropane: Prevention of Explosions by Dilution with Inert Gases (JJ. S. 
Bureau of Mines, Report of Investigations No. 3511, May, 1940). 


effects, such as excessive sweating and rapid pulse, of high operating 
room temperatures on attendants and patients during the hot months 
signify the need for proper cooling. A comparison of surgeons’ state- 
ments who operate in botih air conditioned and non air conditioned rooms 
strongly indicates lesser fatigue; and the greater recuperative power of 
the patient is confirmed by the previously referred to study®. 

Although the comfortable air conditions for the operatives are not 
identical with those for the patient a compromise is as a rule not difficult; 
with a relative humidity of 55 to 60 per cent, temperatures from 72 to 
80 F are used. The work just cited, reported that 68 to 70 deg effective 
temperature not only furnished comfort for the operating room workers 
but apparently prevented exhaustion of the patient as evidenced by rapid 
convalescence in the recovery ward. Additional heat may be furnished 
to the patient locally or by suitable covering according to body tem- 
perature in individual cases. 


®A.S.H.V.E. Research Report No. 1111 — ^Air Conditioning Requirements of an Operating Room and 
Recovery Ward, by F. C. Houghten and W. Leigh Cook, Jr. (A.S.H.V.E. Transactions, Vol. 45, 1939, 

p. 161). 

sLoc. Cit. Note 2. ' 
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In an investigation recently conducted at the University of Pittsburgh, 
in a cooperative research program with the Society, comparative studies 
were made on the bacterial content of conditioned and non-conditioned 
operating rooms. From these studies'* it was concluded that the bacterial 
content of conditioned operating rooms was considerably less than that 
of non-conditioned rooms. Although this difference may not be great it 
is sufficient to demonstrate that properly conditioned spaces with adequate 
filtration can definitely reduce the bacterial and other foreign substance 
content in an enclosure. 

The increasing incidence of allergies or of their recognition is becoming 
a factor in the operating room. Operations may be postponed on allergic 
patients during asthmatic manifestations through fear of complications. 
The removal of’ the allergens, therefore, is in some cases an important 
function of the air conditioning system. 

Central system air conditioning plants and unit air conditioners prove 
satisfactory in operating rooms when producing between 8 and 15 air 
changes per hour of filtered and properly conditioned air without recircu- 
lation during the course of anesthesia. A separate exhaust fan system is 
as a rule necessary to confine and remove the gases and odors. Double 
windows are desirable and often necessary to prevent condensation and 
frosting on the glass in cold weather and to minimize drafts. The high 
air flow of 8 to 15 air changes in operating rooms is desirable for three 
reasons: (1) to reduce the concentration of the anesthetic to well below 
the physiologic threshold in the vicinity of the operating personnel, 
(2) to remove the great amounts of heat and sometimes moisture, from 
sterilizing equipment if inside the operating room, from the powerful 
surgical lights, from solar heat, and from the bodies of the operatives, 
and (3) to provide extra capacity for quickly preparing the room for 
emergency operations. Much can be gained by careful insulation of 
sterilizing equipment and by thorough exhaust ventilation of sterilizing 
rooms adjoining the operating rooms. 

A very common complication presumably traceable to operations is 
pneumonia. The difference in conditions between the operating room 
and the final hospital destination of the patient, including corridors and 
elevators, is conducive to post-operative pneumonia. A suggested 
remedy is a recovery ward where conditions closely approximate those 
of the operating room and in which the patients remain from one to four 
days. Satisfactory conditions in the recovery ward not only hasten 
convalescence, but dispel the fear frequently found in patients who must 
undergo operations during the hot seasons^. 

Sterilization of Air in Operating Room 

Of considerable significance to operating rooms and contagious wards 
is the use of ultra-violet radiation for sterilizing the air®. Results reported^ 


^Report on Air Conditioning in Surgery, by W. Leigh Cook, Jr. (Department of Industrial Hygiene, 
School of Medicine, University of Pittsburgh, 1940). 


^Report of the Committee on Air Conditioning {The American Hospital Association, 1937, p. 2).* 
«Air-Bome Infection and Sanitary Air Control, by W. F. Wells {Journal Industrial Hygiene, 17:253, 


^sterilization of the Air in the Operating Room by Special Bactericidal Radiant Energy, by Deryl Hart 
{Journal Thoracic Surgery, 6:45, 1936). 
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would indicate that the post-operative temperature rise of patients 
■during the first few days is in most instances caused more by bacterial 
contamination of the operative wound than by the absorption of blood 
and traumatized tissues. Operating room infections, which were quite 
frequent before the installation of special ultra-violet lamps, are ap- 
parently being reduced. 

Direct ultra-violet radiation is distinctly advantageous in sterilizing 
not only the site of operation but also wounds to prevent the spread of 
infection. In infants’ w-ards, contagious disease wards, and even in 
school rooms, the sterilizing effects are definitely known. Whether an 
air pnditioning system with ultra-violet installations in the ducts is a 
feasible procedure is controversial; but it would appear that this indirect 
method is not as satisfactory as the direct in the light of present reported 
knowledge. 


Table 3. Net Mortality of Premature Infants According to Humidity^ 
Infants Hospital, Boston, Mass. 


Ca-Use op Death 

Unconditioned 

Nurseries 

(1923-1925) 

Conditioned Nurseries 
(1926-1929) 

Natural Humidity 

Relative Humiditt 

25-49 

Per Cent 

50-75 

Per Cent 

Per Cent Mortality 

Per Cent Mortality 

Per Cent Mortality 

Acute and chronic infections 

26.5 

9.7 

0.0 

'r!nng<^nit-al 

1.2 

0.0 

0.7 

Unclassified 

1,2 

4.8 

0.0 

All causes... 

28.9 

14.5 

0.7 


aExcluding cases with multiple congenital anomalies incompatible with life, and also deaths occurring 
within 48 hours after admission to the hospital. 


NURSERIES FOR PREMATURE INFANTS 

One of the most important requirements in the care of premature 
infants is the stabilization of body temperature. This is because^ their 
heat regulating systems are not fully developed; the metabolism is low 
and the infants generally exhibit marked inability to maintain normal 
body temperatures. The resistance to infection is low and mortality 
rate high. 

Air Conditioning Requirements 

The optimum air conditions for the growth and development of these 
infants were determined by extensive research® at the Infants Hospital, 
Boston, Mass., using four valid criteria, namely, stability of body 
temperature, gain in weight, incidence of digestive syndromes, and mor- 
tality. Individual temperature requirements varied widely (from 72 to 


8The Premature Infant* A Study of the Effects of Atmospheric Conditions on Growth and on Develop- 
ment, by K. D. Blackfan, C. P. Yaglou and K. McKenzie {American Journal Diseases of Children, 46: 
1175, 1933). 
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100 F) according to the constitutional state of the infants and body- 
weights. The optimum relative humidity was about 65 per cent, and 
the air movement less than 20 fpm. 

A single nursery conditioned to 77 F and 65 per cent relative humidity 
was found to fulfill satisfactorily the requirements of the majority of 
premature infants. Additional heat for weak (or debilitated) infants 
may be furnished in the cribs or by means of electric incubators placed 
inside the conditioned nursery, and the temperature adjusted according 
to individual requirements. In this way multiplicity of chambers and 
of air conditioning apparatus is obviated; the infants in the heated beds 
derive the benefit of breathing cool humid air, and the nurses and doctors 
need not expose themselves to extreme .conditions. 

Importance of Humidity: Although external heat is an important 
factor in the maintenance of normal body temperature, humidity appears 
to be of equal or greater importance. When the premature nurseries at 
the Infants Hospital were kept at relative humidity between 25 and 50 
per cent for two weeks or longer, the body temperature became unstable, 
gain in weight diminished, the incidence of gastro-intestinal disturbances 
increased, and the mortality rose. On the other hand, continuous 
exposure to air conditions with 55 to 65 per cent relative humidity gave 
satisfactory results over a period of years. The effect of humidity on 
mortality is shown in Table 3. The initial physiologic loss of body weight 
(loss occurring within first four days of life) was found to vary inversely 
with the humidity. In the old nurseries with natural humidity it aver- 
aged 12.4 per cent of the birth weight; in the conditioned nurseries it was 
8.9 per cent with 25 to 49 per cent relative humidity, and 6.0 per cent 
with 50 to 75 per cent relative humidity. The number of days required 
to regain the birth weight was correspondingly maximum in the old 
nursery and minimum in the conditioned nurseries under high humidity. 

Maximum gains in body weight occurred in the conditioned nurseries 
under high humidity (55 to 65 per cent) in infants weighing less than 
5 lb. The gains were less under low humidity (25 to 50 per cent) in the 
same nurseries, and in the old nurseries prior to the installation of air 
conditioning apparatus. 

The incidence and severity of digestive syndromes, with diarrhea, 
persistent vomiting, diminishing gain or loss of body weight, and other 
symptoms, were generally from two to three times as high under low than 
under high humidity. 

Summarizing, the best chances for life in premature infants are 
created by maintaining a relative humidity of 65 per cent in the nursery 
and by providing a uniform environmental temperature just sufficiently 
high to keep the body temperature within normal limits. Medical and 
nursing care are, of course, factors of equal and sometimes of greater 
importance. 

Air Conditioning Equipment 

Most of the installations now in use are of the central system type 
providing for filtration, for humidification and heating in cold weather, 
and for cooling and dehumidification in hot weather. A high ventilation 
rate, between 15 and 25 air changes, is desirable to remove odors and 
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maintain uniformity of temperatures in extremes of weather. Recircu- 
lation is not used extensively in these wards owing to odors and the 
possibility of infection. 


FEVER THERAPY 

Artificial production of fever in man is an imitation of nature’s way 
of overcoming invading pathogenic organisms. The action may be direct 
and specific by destruction of the invading organism within the safe 
limit of human temperatures, or indirect in the case of heat resistant 
organisms, by general mobilization of the defensive mechanisms of the 
body, which retard or neutralize the activity’- of pathogenic bacteria and 
their toxins. 

The limits of induced systemic fever are usually between 104 and 107 F 
(rectal) , and the duration from 3 to 8 hours at a time. The total period 
of fever treatment varies with the type of the organism involved from a 
few hours to 50 or more. 

The diseases which respond favorably to artificial fever therapy are 
gonorrhea and its complications, (which include arthritis, pelvic in- 
fections in women, and involvement of the eye), syphilis, chorea, infec- 
tious arthritis (non-gonorrheal), encephalitis, and some forms of asthma. 
There are other conditions which show promise under this treatment; 
but the most striking results are seen in gonorrhea and syphilis, since the 
causative organisms can be destroyed at temperatures compatible with 
human life^ 

Equipment for Production of Fever 

Various means have been tried for producing artificial fever, including 
injections of various crystalloid or colloid substances, bacterial products 
of typhoid and malarial organisms; a number of physical methods, such 
as hot baths, radiant heat, diathermy, radiothermy, and in the last few 
years, air conditioned chambers. The relative advantages and dis- 
advantages of various methods have been discussed in a paper^®. The 
results by the use of air conditioned cabinets have not been fully 
explored, and it is therefore difficult to determine all the advantages and 
disadvantages of the value of air conditioning at this time. 

In the earlier studies of the Society^S temperatures were elevated 
more easily using saturated atmospheres. . A fever therapy apparatus^ 
using these same principles has proved efficient as a means of inducing 
and maintaining fever in a body with small likelihood of burns because 
of the comparatively low dry-bulb temperatures. This saturation factor 
is in great use today where fever is created by induction currents by 


^Report of the First Year of Fever Therapy Research by the Department of Industrial Hygiene, School 
•of Medicine, University of Pittsburgh, 1938. 

loFever Therapy by Physical Means, by Frank H. Krusen and E. C. Elkins (Journal American Medical 
Association^ 112: 1689-1696, April 29, 1939). 

iiA.S.H.V.E. Research Report No. 664— Some Physiological Reactions of High Tem^ratures and 
Humidities, by W. J. McConnell and F. C. Houghten (A.S.H.V.E. Transactions, Vol. 29, 1923, p. 129). 

WA.S.H.V.E Research Report No. 1054— Fever Therapy Induced by Condition^ Ak. by F. C. 
Houghten. M. B. Ferderber and Carl Gutberlet (A.S.H.y.E. Ti^ns^ions. Vol. 43, 1937, p. 131). 
A.S.H.V.E. Research Report No. 1162 — Fever Therapy Locally Induced by Conditioned Air. by M. B. 
Eerderber, F. C. Houghten and Carl Gutberlet (A.S.H.V.E. Transactions, Vol. 46, 1940). 
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placing the body in an electrical field. When the optimum body tem- 
perature has been reached by electrical induction, the atmosphere of the 
enclosure is kept at saturation to prevent heat loss, thus maintaining the 
patient^s temperature at the desired point. Other apparatus^^ which uses 
electric heaters, centrifugal fans, and a water container for humidification 
has been used in the past, but the more recent trend is toward saturation 
with a lower dry-bulb temperature. 

When heat is necessary in treating legs or arms, such media as short 
or long wave diathermy, infra-red, water baths, etc. have been used 
extensively. A recent development, a saturated atmosphere heating unit, 
similar to one previously described^'^ has proven satisfactory, because 
heat may be administered over longer periods which render deep heating 
possible without fear of burns or shocks^®. Local heating has been 
somewhat satisfactory in relieving the painful symptoms of peripheral 
vascular disease. 

The final criteria for the use of fever therapy may be changed because 
of the introduction of certain drugs which appear prominent in the 
experimental treatment of some diseases for which fever therapy has 
been efficacious. 

COLD THERAPY 

In contrast to fever therapy the use of cold as a means of treatment is 
being investigated. From the available literature^® the chief virtues of 
cold therapy (cryotherapy) are the reduction of pain due to extensive 
cancer and the possibility that the process may be arrested.. For a 
localized lesion, ice water between 36 to 48 F is circulated through 
tubing at the site of the disease for periods ranging from 4 to 48 hours. 
A later development was the principle of hibernation during which time 
the patient is kept in an air conditioned space with an environmental 
temperature between 50 to 60 F for five days. The body temperature is 
reduced below the critical level of 95 F to as low as 80 F. Most of the 
vital processes of life are at very low ebb and this period simulates the 
hibernation of the wild animals. Although relief of pain is reported it 
remains to be seen to what extent this form of treatment will be used. 

HIGH TEMPERATURE HAZARDS 

Heat disease is now classified as heat exhaustion, heat cramps, and 
heat stroke^^. The last was formerly thought to be the result of high 
temperatures, but in the light of present knowledge is considered a neuro- 
logic defect. This inability to control temperature is most frequently 
seen in diseases of the nervous system, and heat stroke, therefore, is not 
so much a result of environmental temperatures as it is some intrinsic 
defect in the mechanism itself. The hazards of high temperatures are 


“Artificial Fever Therapy of Syphilis, by W. M. Simpson {Journal American Medical Association, 105: 
2132, 1935). 

“Loc. Cit. Note 11. 

“Saturated Atmospheres in the Treatment of Injuries, by M. B. Ferderber {Industrial Medicine, 8: 
256-259, June, 1939). 

“Temperature Factors in Cancer and Embryonal Cell Growth, by L. W. Smith, and Temple Fay 
{Journal American Medical Association, Vol. 113: 653-660, August, 1939). 

“Heat Disease: Clinical and Laboratory Studies, by M. W. Heilman and E. S. Montgomery {Journal 
of Industrial Hygiene and ToxtcoLogy, IS: 651-666, November, 1936). 
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not easily understood. It is difficult to say whether a repeated rise of 
1 or 2 deg of body temperature is dangerous or whether short exposures 
at high temperatures are more harmful than longer exposures at lower 
temperatures. A new concept is evident in finding an increase in leuco- 
cytes (white cells) of the blood in workers subjected to high temperatures. 
These leucocytes are defensive factors which are increased when infection 
invades a body. A rise in temperature and leucocyte count indicates 
body defense in the presence of disease. Since a recent study^® showed 
that both temperature and cell count -were increased, the question arises 
whether long exposures to very high temperatures might not cause 
exhaustion of these defense mechanisms. 

ALLERGIC DISORDERS 

Although there is some division of opinion over the ultimate cause 
of allergy, the prevailing belief is that it is due to an inherited or acquired 
hypersensitiveness to pollen or other foreign proteins in certain indivi- 
duals who react abnormally to the offending substance. The reaction 
may be induced by inhalation, eating, or absorption (through the skin) 
of the allergens. Some of the clinical manifestations are hay fever, 
asthma, eczema, and contact dermatitis. 

Symptoms of Hay Fever and Asthma 

The respiratory tract is the site of probably the most usual allergic 
manifestations, the so-called hay fevers and asthma. In hay fevers, the 
nose and eyes are red and itchy, and there is considerable discharge. 
Nasal obstruction is the most common and most distressing symptom. 
The severity of the symptoms varies widely from day to day depending 
chiefly on the amount of pollen in the air. 

Seasonal asthma comes in attacks. The most popular theory concern- 
ing the mechanism of action is that the offending substance irritates the 
nerve endings in mucous membranes of the respiratory tract, causing 
spasmodic contraction of the small bronchioles of the lungs, which 
interferes with breathing, particularly with expiration. Non-seasonal 
allergic disturbances are sometimes attributed to house or street dusts, 
fungi, odors, animal dander, irritating gases, and heat or cold, particu- 
larly sudden temperature changes. It is often stated in the literature 
that heat regulation in asthmatic individuals is likely unstable, with a 
tendency toward the subnormal. Many allergic cases who are ap- 
parently well, develop their attacks when cold weather appears, or upon 
changing from warm to cool outdoor air. 

Air Conditioning Apparatus 

In recent years considerable effort has been directed toward the elimi- 
nation of the principal cause of allergy from the air of enclosures by 
filtration or other air conditioning processes capable of removing pollens, 
in the hope of providing relief to individuals who fail to respond to medical 
treatment (desensitization or immunization). 

Paper or cloth filters, mounted in inexpensive window or floor units, 
prove quite satisfactory, but since dust and smoke frequently cause 

i«A.S.H.V.E. Research Report No. 1106— Air Conditioning in Industry, by W. L. Fleisher, A. E. 
Stacey, Jr., F. C. Houghten and M. B. Ferderber (A.S.H.V,E. Transactions. Vol. 45, 1939, p. 59). 
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asthmatic attacks, it is necessary that an air filter, to be of full value in 
the treatment of asthma, must remove all dusts and pollens regardless 
of size or amount. An electrostatic cleaner has proved extremely efficient 
in removing particles of 15 to 20 microns and smaller, besides dusts and 
smoke^^. 

Although the chief remedial factor in the treatment by conditioned air 
is the filtration of pollen, a certain amount of cooling and dehumidification 
appears to be desirable. A comfortable temperature between 70 and 75 F 
and a relative humidity well below 50 per cent proved satisfactory^. 
Direct drafts, overcooling or overheating are apt to initiate or aggrevate 
the symptoms. 

Limitations of Air Conditioning Methods 

The results obtained with air filtration or other air conditioning pro- 
cesses in the control of allergic conditions are fairly comparable to those 
obtained by desensitization treatment so long as the patients remain in 
the pollen free atmosphere. But while specific desensitization is preven- 
tive and in a few instances curative, for all practical purposes filtration 
gives only temporary relief. With rare exceptions, the symptoms recur 
on exposure to pollen laden air. Moreover the usefulness of air condi- 
tioning methods is limited because all cases are not caused by air-borne 
substances. Cases of bacterial asthma do not respond at all to the treat- 
ment with filtered air. 

Despite these limitations air conditioning methods possess definite 
advances in the simplicity of treatment, convenience, and under certain 
conditions almost immediate relief. Pollen cases are usually relieved of 
most of their symptoms within 1 to 3 hours after exposure to properly 
filtered air, 

A pollen-free atmosphere is especially valuable in cases where desensiti- 
zation has given little or no relief, and where desensitization is not advis- 
able owing to intercurrent illness. On the whole, conditioning methods 
are considered to be a valuable adjunct in medical diagnosis and treat- 
ment of allergic disorders. 


OXYGEN THERAPY 

Oxygen therapy is the principal measure employed for preventing and 
relieving the distressing symptoms of anoxemia, which is a deficiency in 
the 03^gen content of tibe blood. Some of the more important conditions 
in which oxygen treatment is believed to be beneficial are pneumonias, 
anemia, heart affections, post-operative pulmonary disturbances, certain 
mental disturbances, asphyxia, asthma and atelectasis in new-born 
infants. 

The necessity of air conditioning in oxygen therapy arises from the fact 
that oxygen is too expensive a gas to waste in the ventilation of oxygen 
tents and oxygen chambers. The oxygen rich atmosphere in these enclo- 


“Air Cleaning as an Aid in the Treatment of Hay Fever and Bronchial Asthma, by Leo H. Criep and 
M. A. Green {Journal of AUargy, 7: 120, January, 1936). 

»The Effect of Low Relative Humidity and Constant Temperature on Pollen Asthma, by B. Z. Rappa* 
port, T. Nelson and W. jH. Welker {Journal of Allergy, 6: 111, 1935). 
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sures is therefore reconditioned in a closed circuit by removal of excess 
heat, moisture, and carbon dioxide given off from the occupants being 
treated. 

Oxygen Tents 

In oxygen tents the air enriched with oxygen is usually circulated by 
means of a small motor blower which sends the air over soda lime to 
reniove carbon dioxide and then over ice to remove excess heat and 
moisture. The concentration of oxygen in the tent is regulated by means 
of a pressure reducing valve and flow meter. In an inadequately cooled 
tent, high temperatures and humidities are inevitable, increasing the 
discomfort of the patient and imposing an added strain on an already 
overburdened heart. Oxygen therapy under such conditions may do 
more harm than good. An ice melting rate of approximately 10 lb per 
hour gives satisfactory results in patients with fever in a medium size 
oxygen tent. 

Oxygen tents are somewhat confining to the patient; the restless type 
of person is difficult to control, and the delirious, impossible to control. 
Medical and nursing care is complicated, as the tent must be opened or 
removed with attendant loss of oj^gen. Oxygen concentrations of 50 
per cent or more are difficult to maintain, and it is a problem to keep the 
temperature and humidity low enough in hot weather. The direct 
advantages are portability and low cost. 

Oxygen Chambers 

The conventional oxygen chamber is an air-tight sheet metal enclosure 
of fire-proof construction, large enough to accommodate one or two 
patients. Trap doors or curtains are provided for the personnel, food 
and service, to avoid loss of oxygen. Glass windows in the ceiling and 
walls admit light from outside the chamber. 

The air conditioning system may be of the gravity type, or of the fan 
type using mechanical refrigeration or air drying agents. The gravity 
system includes a bank of cooling coils controll^ thermostatically, 
which dehumidify and cool the air. The cool air falls over trays of soda 
lime at the bottom of the coils, to remove the carbon dioxide given off 
by the occupants. A heater at the base of the opposite wall warms the 
air to the desired temperature. Ordinary industrial oxygen is introduced 
from storage tanks outside the chamber and the concentration is regulated 
according to the prescription of the physician. The only change of air 
in the chamber is that taking place by air leakage through the trap doors. 

The chief objections to the gravity circulation system are stratification 
of cold air near the floor and accumulation of odors, which may require 
the use of activated charcoal, or an excess of oxygen for dilution of the 
air in the chamber. 

The fan circulation systems include compact extended surface coolers, 
heaters, and sometimes air-drying beds installed outside the chamber for 
the removal of moisture. 

The temperature and humidity requirement in oxygen therapy depend 
primarily upon the physical condition of the patient, and secondarily 
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Upon the type of disease. In pneumonias, according to Bullowa^S 
prescribed conditions should be an effective temperature of 66-68 F, 
humidity of 50 per cent, air movement of not less than 50 linear feet per 
minute, oxygen concentration of 50 per cent, and carbon dioxide of less 
than 1 per cent. 

Oxygen chambers are more comfortable than oxygen tents. The 
patients receive unhampered medical and nursing care, and the oxygen 
concentration, the temperature and humidity can be adequately con- 
trolled at any desired level. The chief disadvantages are high initial 
and operating costs in comparison with oxygen tents or with the nasal 
catheter method of oxygen administration. The nasal catheter method 
is the simplest and most inexpensive of all but it may cause considerable 
discomfort to the patient and it is not satisfactory for continuous admini- 
stration nor for restless or delirious patients. Moreover, oxygen con- 
centrations greater than 40 per cent in the inspired air are difficult to 
maintain, although concentrations as high as 48 per cent have been 
obtained. 

GENERAL HOSPITAL AIR CONDITIONING 

Complete conditioning of a large hospital involves a capital investment 
and running expense which may not be justified. In clean and quiet 
districts, the requirements of almost all general and private wards during 
the cool season of the year can be satisfactorily fulfilled by the use of 
usual heating in conjunction with window air supply and gravity or 
mechanical exhaust. Insulation against heat and sound is much more 
important than humidification in winter; it will also help in keeping the 
building cool in warm weather. Excessive outside noise and dust may 
require the use of silencers and air filters in the ‘window openings. 

Cooling and dehumidification in warm weather are important. In new 
hospitals particularly, the desirability of cooling certain sections of the 
building should be given serious consideration. Financial reasons may 
preclude the cooling of the entire building, but the needs of the average 
hospital can be met by the use of built-in room coolers and a few portable 
units which can be wheeled from ward to ward when needed. Objection- 
able noise is an important drawback to the use of self-contained units, 
but the difficulty is gradually being overcome by improvements in design. 

In the North and certain sections of the Pacific Coast, cooling is needed 
but a few days during summer, while in the South, it can be used to 
advantage from May to October, and in tropical climates almost con- 
tinuously throughout the year. 

Aside from comfort and recuperative power of the patients, cooling is 
of great assistance in the treatment of fevers in the new-born and in 
post-operative cases, in enteric disorders, fevers, heat stroke, heart 
failure, and in a variety of other ailments which often accompany summer 
heat waves. 

Considerable research is in progress on the influence of air conditioning 
upon a wide variety of diseases such as pneumonia, upper respiratory 
diseases, tuberculosis, arthritis, nervous instability, hyper-thyroidism, 
essential hypertension, skin diseases, and vascular disorders. 


2iThe Management of Pneumomas, by J. G. M. Bullowa, 1937, p. 260. 
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TRANSPORTATION AIR CONDITIONING 


Railway Passenger Car Ventilation^ Method of Air Distri^ 
hution,^ Air Cleaning, Winter and Summer Air Conditioning, 
Humidity and Temperature Control, Summer Air Con- 
ditioning for Buses and Automobiles 

T he principles of air conditioning used in connection with stationary 
applications such as stores, restaurants, hospitals, theaters, and 
homes are in general applicable to such mobile applications as railway 
passenger cars, passenger buses, automobiles, and ships. However, the 
equipment used for these mobile applications, with the possible exception 
of those on board ship, differs from that used for stationary purposes in 
that it must meet additional requirements. Especially important are the 
features of compactness with the retention of ready accessibility for quick 
inspection and servicing, and low weight. Freedom from vibration which 
could be transmitted to the supporting vehicle and thus to the passengers 
is essential. 


RAILWAY PASSENGER CAR VENTILATION 

In non air-conditioned cars, ventilation is accomplished by exhaust fans,, 
roof ventilators, and open doors and windows. This practice provides an 
ample supply of outside air but does not prevent the entrance of smoke, 
cinders, and dirt. 

An average passenger car contains approximately 5000 cu ft of air and 
may seat as many as 80 passengers. The occupants are continually 
liberating heat, carbon dioxide, moisture, odors, and some organic matter 
from their breath, skin and clothing. The heat and moisture can be 
removed by cooling and dehumidification, but the other constituents can 
be successfully handled only by proper ventilation and air cleansing. In 
the average car from 2000 to 2500 cfm should be circulated by the air 
conditioning unit. Some of this air may be recirculated, but a portion of 
it should always be brought in from the outside. The amount of outside 
air required depends upon the type of car, number of passengers, air 
temperature, humidity, odors, and whether or not occupants are smoking, 
and will vary from 15 to 90 per cent of the total air circulated. 

Careful attention must be exercised in specifying the rate of outside air 
taken in so as to fit the type of service adequately and yet not to supply 
more ventilation than is necessary. Conditioning this outside air is a 
major factor in determining the size of both summer and winter con- 
ditioning equipment. With present average ventilation requirements, 
about 30 per cent of the cooling equipment and sometimes as high as 5Q 
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per cent of the heating equipment is necessary to handle only the outside 
air load. 

For normal conditions, 10 cfm of outside air per passenger is sufficient. 
When smoking is permitted, at least 15 cfm should be admitted. In 
some of the dining cars and deluxe sleeping cars, outside air rates as high 
as 20 and 30 cfm per occupant are used. 

Method of Air Distribution 

The fact that the amount of space devoted to railway passengers may 
be as low as 60 cu ft per person (ranging as high as 190 cu ft per person), 
coupled with the high air flow rates made necessary by severe ventilation 
and sun loads, makes the problems of air distribution and air delivery in 
railway cars critical ones. 

Various methods may be used to distribute the air delivered to the 
interior of the car by the circulating fan or blower. The methods com- 
monly used are: 

1. A duct lengthwise along the center of the car. 

2. One or two side ducts built on the outside of monitor-roofed cars, or on the inside 
of turtle-backed or arched-roofed cars. 

3- Free discharge at the end bulkheads, or by free discharge from a unit placed 
overhead in the center of the car, discharging toward the ends. This bulkhead delivery 
system, while inexpensive, is apt to cause complaints due to drafts, and, accordingly, is 
not being favored. 

Delivery grilles and plaques are used, and are often designed to give 
considerable entrainment and mixing to avoid cool drafts. 

Smoking rooms present a special problem. The cloud of smoke that 
usually hangs near the ceiling can be broken up by having the incoming 
air directed along the ceiling in all directions at a velocity somewhat 
higher than that used for the rest of the car. The air should be exhausted 
from the room by a fan or through a grille to the washroom or lavatory, 
and then outside by a fan in a ventilator. 

^ For compartments an adjustable supply duct outlet grille of suitable 
size and design should be provided and provisions made in the door or 
partition for the removal of the air to be recirculated. 

Lower berths in sleeping cars and office cars should be provided with an 
adjustable air outlet which will discharge the amount of air desired at low 
velocity in any direction so that the occupant can regulate the ventilation 
to meet his own requirements. 

In cars containing but one or two rooms or compartments, satisfactory 
r^ults may be obtained by discharging the air directly from the con- 
ditioning unit into the upper part of the car. Care must be taken to have 
a proper discharge velocity. If the velocity is too low, the air will drop 
before reaching the end’ of the car and if too high it will discharge against 
the end bulkhead and be reflected back. Care must be exercised to secure 
proper circulation, otherwise objectionable drafts will be experienced. 

The recirculating air grilles are usually of the straight flow type, and 
should be located so that objectionable drafts will not be created by the 
return air. The outside air intakes, located in the car vestibule, on tie 
side of the car, or on the roof of the car, depending upon the location of 
the cooling coils, should be of ample size to permit the entrance of suf- 
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ficient outside air. On many of the recently air-conditioned cars, there 
are no dampers or shutters at the outside air intakes, the percentage of 
outside air being controlled by blocking the flow through the recircu- 
lating grille. 

Air Cleaning 

All of the air circulated by the blower is filtered before passing over the 
cooling coils. In some cars the outside and recirculated air are filtered 
separately before mixing, while on others the air from the two sources is 
mixed before passing through a common filter. Filters in use are made of 
metal, wool, cloth, spun glass, hemp, paper, hair, and wure screen. Most 
filters have a viscous coating of oil for greater cleaning efficiency. Some 
types may be cleaned, retreated, and returned to service while other 
types are discarded when dirty. 

RAILWAY PASSENGER CAR WINTER AIR CONDITIONING 

The majority of cars in service use steam from the locomotive or from a 
head-end, oil-fired boiler as a source of energy for winter heating. In 
some instances electrical energy from either a head-end generating set 
or motive power supply is utilized for resistance heating. In still other 
cases electrical energy and waste heat from individual car engine-generator 
sets is employed. The peak heating loads which depend largely upon the 
amount of insulation used in the car, the type of windows (whether 
single or double glazed), and the ventilation rate, may vary from 160,000 
to 250,000 Btu per hour. 

In order to temper the cold outside air, about 30 to 50 per cent of the 
total heat energy required is distributed by means of finned coils or 
resistance heaters located in the outside air duct. The remainder is 
usually transmitted to the car air by finned tubing located along the sides 
of the car near the floor, thus preventing cold convection currents falling 
from the car windows from reaching the feet of the passengers. 

RAILWAY PASSENGER CAR SUMMER AIR CONDITIONING 

Three general types of cooling or refrigerating equipment are being 
used in tdie 11,700 railway cars which are now air conditioned in the 
United States. Of these 3,900 are ice-activated, 1,900 use steam jet 
systems, and 5,900 employ mechanical compression schemes. These 
systems which functionally are identical with those used for stationary 
applications (see Chapter 25) are modified in design to meet the require- 
ments of mobile service. Contrasted with stationary applications of 
summer conditioning equipment, the use of water as a final means of heat 
disposal from condensers cannot be resorted to because water in such 
quantities cannot be transported economically. Accordingly, air cooled 
or evaporative condensers are always used, with the result that mobile 
cooling equipments operate at higher temperature, pressure, and power 
requirement levels than stationary equipment. 

The maximum cooling and dehumidifying load which depends largely 
upon the amount of insulation, the type of windows, the ventilation rate, 
the sun intensity, and the number of passengers may vary from 60,000 
to 96,000 Btu per hour. 
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An average ice-activated system for such capacities uses about 500 
pounds of ice and 1.2 kw per hour. The increase in car weight due to 
such a system is approximately 8500 lb. 

The same service from a steam jet system is obtained with the expendi- 
ture of 230 lb of steam and 3.3 kw per hour, with an added weight per 
car of 11,000 lb. 

The mechanical compression systems, all of which use dichlorodifluoro- 
methane as a refrigerant, may be classified by several types depending on 
the method of driving the compressor. The source of power for driving 
the compressor (approximately 10 hp) is complicated by the necessity of 
obtaining this power at all times whether the car is in motion or standing 
still on the right-of-way or in a terminal where auxiliary power plug-ins 
are available. In those cases where compressors are driven from car axles, 
additional refinements in the drive are necessary in order that a nearly 
constant cooling capacity may be obtained from a variable speed power 
source. Numerous combinations of electrical generating schemes for 
generating sufficient electrical energy from the car axle for lighting, 
ventilation, and summer air conditioning are in use, and their operation 
is closely interlocked with compressor demands, need for pre-cooling, 
battery charging, etc. It is difficult therefore to state the additional 
weight imposed on a car because of such a compression air conditioning 
system, but it is probably in the vicinity of 6000 lb. These systems, 
depending mostly upon the locomotive for supplying power for operation, 
impose a load which may amount to 10 per cent of the capacity of the 
locomotive. 

Several schemes for relieving the locomotive of this compression load 
are used. Some of the articulated trains, which run as unit equipment — 
the same cars always in the same train — employ a head-end, engine- 
generator combination for supplying power to compressor motors. In 
other cases engine-alternators on individual cars are used to supply 
alternating current power to compressor motors, as well as to supply all 
power for car lighting and auxiliaries. Engine-compressor combinations 
on individual cars provide attractive low weight equipment where con- 
tinuous engine operation is permissible under all circumstances. Diesel 
engines and propane engines are used for these purposes, and such engine- 
driven units have the additional advantage of being able to use waste 
engine heat either for modulating refrigeration with a reheat cycle or 
for car heating purposes. 

RAILWAY PASSENGER CAR HUMIDITY AND TEMPERATURE CONTROL 

The temperature to be maintained in a car depends upon the outside 
temperature and the humidity desired inside the car. With a low hu- 
midity it is necessary to maintain a higher temperature to establish a 
desirable comfort condition. Little humidity control has been attempted 
on cars up to the present time. A certain degree of automatic humidity 
control is secured with cooling, but the relative humidity obtained depends 
largely upon the temperature of the evaporator, which should be below 
the dew-point temperature of the air. With certain outside atmospheric 
conditions it may not be possible to operate the conventional equipment 
with a sufficiently low evaporator temperature to reduce the humidity 
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without dropping the temperature too low. One method has been 
developed whereby the evaporator temperature is carried below the dew- 
point a sufficient amount to insure dehumidification and then the cold air 
is heated to the proper temperature by passing it over coils through which 
part of the high temperature liquid from the condenser is by-passed. Such 
a system is costly and has not been generally applied. The reheat cycle 
obtainable from waste engine heat may be used to good advantage in 
reducing the humidity without reducing the dry-bulb temperature. 

During the heating season humidification is desirable from a comfort 
standpoint, but unless properly controlled, condensation will appear on 
the windows. A steam or water spray controlled by a humidistat will 
provide the necessary moisture for humidification. There are several 
cars with this feature now in use. 

Temperature control for the most part obtained by rugged thermostats 
and relays capable of withstanding vibrations attendant with mobile 
service is usual equipment. 

Manual zone control for varying outdoor conditions, as well as controls 
which regulate the car temperature automatically in accordance with 
outdoor conditions, are employed. 

Simplified controls from the standpoint of operation by train crews and 
especially from the servicing viewpoint are very desirable. The control 
of summer temperatures is accomplished mainly by cycling the complete 
cooling system ; however, modulation is being effected by using multiple 
evaporators in which a fixed portion may be cut out of the system. In 
the engine-driven equipments, modulation is obtained by changing 
engine speed. 

For further information on controls, see Chapter 34. 

PASSENGER BUS SUMMER AIR CONDITIONING AND VENTILATION 

The highways in the United States are now traveled by about 1000 
summer air conditioned passenger buses. Many of the facts stressed in 
connection with the design and installation of summer conditioning 
equipment in railway cars are even more important in these newer 
vehicles. Weight and space limitations are more stringent, and the 
problem of circulating from 900 to 1200 cfm of air in coaches carr\dng 
from 25 to 40 passengers with about 35 cu ft of space per passenger 
without drafts is no easy one. 

Some bulkhead delivery systems have been used, and while the over- 
head package racks have served to break up drafts to some extent, these 
installations are not gaining in popularity. Longitudinal ducts in the 
corners above the package racks are sometimes used to carry conditioned 
air to a series of outlet louvers along the top of the windows. Other 
designs provide for false spaces below the package racks which serve as 
ducts to distribute air to either entrainment grilles in the bottom of the 
racks or distributing slots at the edges of the package racks. Some 
coaches employ a false ceiling to provide a duct, with delivery taking 
place from numerous perforations in the ceiling. 

Return air grilles and filters are usually located near the rear ceiling 
where the evaporator is placed. Outside air intakes and filters are located 
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preferably near the front of the vehicle so as not to contaminate this 
supply with exhaust fumes and road dust. Of the 30 cfm circulated per 
person, about 8 to 10 cfm are outside air and the remainder is recirculated. 
Power for the motor driving the centrifugal fans is obtained from the 
bus battery. 

More recently a coach design has been brought out which provides 
for a number of return air outlets below the seats; these permit 
return air to enter a longitudinal duct below the floor. The filters and 
evaporator are located in this duct near the front of the vehicle. In this 
instance a central heating coil utilizing waste heat from the coach engine 
is also located in this duct. Conditioned air is delivered through a pair of 
vertical ducts to a package rack distribution scheme. 

Summer conditioning systems for these vehicles range in cooling 
capacity from 36,000 to 48,000 Btu per hour. Mechanical compression 
systems using dichlorodifluoromethane are used, and are powered by 
water cooled, gasoline engines of approximately 14 hp. 

Complete systems add from 800 to 1300 lb to the weight of a coach. 
Sometimes an auxiliary generator driven by the air conditioning engine 
is used which serves to help charge the bus battery and thus offsets the 
power drain imposed by the ventilating blower. Belted reciprocating 
compressors and direct driven V-type and rotary compressors are used, 
with engine speeds up to about 1800 rpm. Air cooled condensers for this 
service require about 5000 cfm of outdoor air, and this is provided by 
either centrifugal or propeller type fans belted or direct driven by the air 
conditioning engine. Preventing noise and vibration from affecting 
passengers is of vital importance. Installations must be made so that 
quick daily servicing of the engine is possible. In all cases fuel is obtained 
from the main bus tanks, and in some cases the main engine jacket water 
cooling system is used to cool the air conditioning engine. 

In the more deluxe equipment after the driver has started the air con- 
ditioning engine by means of its own cranking motor, the engine speed is 
modulated automatically as the refrigeration demand is partially met, and 
if this demand is then fully met, the engine is stopped thermostatically. 
Restarting when the cooling thermostat is no longer satisfied is accom- 
plished either automatically or manually. The various protective and 
automatic devices on the refrigerant and engine systems make some of 
the bus air conditioning control systems quite complicated. 

AUTOMOBILE SUMMER AIR CONDITIONING 

Recently summer air conditioning has been applied to automobiles. 
The average present day automobile with little insulation, large, single 
glazed window areas, and high infiltration and exfiltration losses requires 
about 15,000 Btu per hour of cooling capacity. One system utilizes a 
reciprocating compressor belted from the main engine fan shaft thus 
operating at varying speeds up to 3000 rpm. The resulting refrigeration 
capacity varies from about 6000 Btu per hour at idling speed to 24,000 
Btu per hour at maximum car speed. 

A dry air condenser is placed in front of the engine radiator, and the 
liquid and suction refrigerant lines run back under the car floor to the 
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evaporator which is located in back of the rear seat. Conditioned air is 
delivered into the car just above the shelf near the back of the rear seat. 
A return grille is provided under the rear seat, and the recirculated air is 
filtered.^ Outdoor air is provided by infiltration. Power for the air 
circulating blowers is obtained from the car storage battery. Equipment 
of this nature increases the car weight approximately 200 Ib. 
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INDUSTRIAL AIR CONDITIONING 


AtmospheHc Conditions Required, General Requirements, 
Classification of Problems, Control of Regain, Moisture Con- 
tent and Regain, Conditioning and Drying, Control of Rate 
of Chemical Reaction, Control of Rate of Biochemical Re- 
actions, Control Rate of Crystallisation, Elimination of Static 
Electricity 

I N the application of air conditioning to industrial processes, too much 
^ stress cannot be laid upon a thorough understanding by the air con- 
ditioning engineer of the problems involved. A complete knowledge of 
these problems is necessary before a satisfactory design can be made. 

Individual processes and machines are changing rapidly and air con- 
ditions must be constantly revised to meet the new conditions. 

ATMOSPHERIC CONDITIONS REQUIRED 

The most desirable relative humidity during processing depends upon 
the product and the nature of the process. As far as the behavior of the 
material itself and its desired final condition are concerned, each material 
and process presents a different problem. The best relative humidity may 
range up to 100 per cent. Similarly the most desirable temperature may 
range between wide limits for different materials and treatments. Ex- 
tremes in either relative humidity or temperature require relatively 
expensive equipment for maintaining these conditions automatically. 
In departments where people are working, their health, comfort, and 
productive efficiency must be considered and often a compromise between 
the optimum conditions for processing and those required for the comfort 
of the worker is desirable. 

It is generally considered that relative humidities below 40 per cent 
are on the dry side, conducive to low r^ains, a brittle condition of fibrous 
materials, prevalence of static electricity, and a tendency toward dryness 
of the skin and membranes of human beings. At the other end of the 
scale, humidities above 80 per cent are relatively damp, conducive to 
high regains, extreme softness, and pliability. 

Table 1 lists desirable temperatures and humidities for industrial pro- 
cessing. In using this table, care must be taken in qualifying the process. 
In preparing many materials, conditions are not maintained constantly, 
but different temperatures and humidities are held for varying lengths of 
time. 
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Table 1. Desirable Temperatures and Humidities for Industrial Processing 


Industry 


Automobile. 


Baking.-. 


Biological 

Products.-. 


Brewing 


Ceramic 


Chemical 


Confectionery- 


Distillery, 


Drug 


Electrical 


Food. 


Fur 


Process 

Temperature 

Degrees 

Fahrenheit 

Relative 
Humiditt 
Per Cent 

Assftirvbly Une 

65 

40 


Cake icing 

70 

50 

Cflkp* miYin£r .. 

75 

65 

Dough fermentation ronrp 

80 

76 to 80 

T ,oaf cooling., 

70 

60 to 70 

rnnm 

75 to SO 

55 to 70 

Mixing fonni _ _ 

75 to 80 

55 to 70 

Pf^rnffin pflpf^r wrapping 

80 

55 

Proof boy<^s , _ . 

80 to 90 

80 to 95 

Storage of flour 

70 to 80 

60 

Storage of yeast 

28 to 40 

60 to 75 

Vaccines 

below 32 


Antitoxins 

38 to 42 




Fermentation in vat room 

Storage nf grains 

44 to 50 

60 

50 

30 to 45 


Drying nf piigar marhine brick 

180 to 200 


Drying nf rf^frartnry shapaa 

110 to 150 

50 to 60 

Molding room 

80 

60 

Stnragf» nf rlay 

60 

35 


General storage.... 

60 to 80 

35 to 50 


Chawing gum rolling _ 

75 

50 

Chewing gum wrapping 

Chocolate covering 

Hard randy making 

70 

62 to 65 

70 to 80 

45 

50 to 55 

30 to 50 

Parking _ __ ___ 

65 

50 

Starrh room _ 

75 to 85 

50 

Storage.. 

60 to 68 

50 to 65 


General manufaf±ure ___ 

60 

45 

Storage of grains 

60 

30 to 45 


Storage of powders and tablets 

70 to 80 

30 to 35 


Insulation winding 

104 

5 

Manufacture of cotton covered wire 

Maniifarture of elertriral windincrs 

60 to 80 

60 to 80 

60 to 70 

35 to 50 

Storage of elertriral goods 

60 to 80 

35 to 50 


Butter making 

60 

60 

Dairy chill room 

40 

60 

Preparation of rereals 

60 to 70 

38 

Preparation of mararoni 

70 to 80 

38 

Ripenino^ of meats 

40 

80 

Slicing of baron 

1 60 

45 

Storage of applea 

31 to 34 

75 to 85 

Storage of citrus fruit 

32 

80 

Storage of eggs in shell 

30 

80 

Storage of meats 

1 0 to 10 

50 

Storage of sugar. 

I 80 

35 


Drying of furs 

110 


Storage of furs 

28 to 40 

25 to 40 
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Table 1. Desirable Temperatures and HuiiiDixiEs for Industrial Processing 
(Concluded) 


Indtjstst 


Phocbss 


Tsscferaturs Rxlativi 

Dxgbsxs Eitmzditt 

Fahrenheit Per Cent 


Incubators 

Laboratory 

Leather. 

Library 

Linoleum 

Matches 

Munitions 

Paint 

Paper 

Photographic 

Printing 

Rubber 

Soap 

Textile 


Chicken j 99 to 102 


General analytical and physical 1 60 to 70 

Storage of materials 60 to 70 


Drying of hides 90 

Mulling 95 to 100 

Book storage (see discussion in thischapter) 65 to 70 


Printing. SO 

Manufacturing 72 to 74 

Storage of matches 60 

Fuse loading 70 

Air drying lacquers 70 to 90 

Baking lacquers 180 to 300 

Air drying of oil paints 60 to 90 

Binding, cutting, drying, folding, gluing.. 60 to 80 

Storage of paper 60 to 80 

Testing Laboratory - 60 to 80 

Development of film 70 to 75 

Drying 75 to 80 

Printing 70 

Cutting 72 


Binding 70 

Folding 77 

Press room (general) 75 

Press room (lithographic) — 60 to 75 

Storage of rollers 70 to 90 


Manufacturing 90 

Dipping of surgical rubber articles 75 to 80 

Standard laboratory tests. 80 to 84 


Drying 110 

Cotton — carding. 75 to 80 

combing 75 to 80 

roving 75 to 80 

spinning. 60 to 80 

weaving. 68 to 75 

Rayon — spinning. 70 

throwing 70 

weaving 75 to 88 

Silk — dressing 75 to 80 

spinning 75 to 80 

throwing 75 to 80 

weaving. 75 to 80 

Wool — carding. 75 to 80 

spinning. 75 to 80 

weaving. 75 to 80 

Testing Laboratory * 70 


55 to 75 

60 toTo 
35 to 50 


95 

38 to 50 
40 
50 


55 

25 to 50 

25 to 50 

40 to 60 
40 to 60 
55 to 65 

60 

so 

70 

65 

45 

65 

60 to 78 
20 to 60 
50 to 55 


25 to 30 
42 to 48 

TO 

50 to 55 
60 to 65 
50 to 60 
50 to 70 
85 
85 
60 

60 to 75 
60 to 65 
65 to 70 
65 to 70 
60 to 70 
65 to 70 
55 to 60 
50 to 55 
65 


Tobacco 

Cigar and cigarette making. 

Softening , .,, - 

70 to 75 

90 

55 to 75 

85 


Stemming or stripping — 

75 to 85 

70 
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GENERAL REQUIREMENTS 

In general, air conditioning apparatus for industrial purposes must be 
capable of absorbing heat from various sources such as machinery power, 
electric lights, people, sunlight and chemical reaction; of warming or 
cooling to any desired temperature, and of providing ample air supply at 
all times. Refrigeration may or may not be required, depending upon 
natural conditions, the required relative humidity and the maximum 
permissible temperature. Washing, purifying and recirculating of the air 
may be desirable. Good distribution is essential for the control of air 
motion and for the prevention of uneven conditions. Accurate, sensitive 
and reliable automatic control of humidity or temperature, or both, is 
vital in most cases. 

Ordinarily, outside weather conditions and the ventilation required for 
workers are of secondary importance in relation to the total work to be 
done by the air conditioning system. In extreme cases of high concentra- 
tion of industrial heat from machinery and ovens the error of entirely 
omitting the heat gain through the building structure would not be 
serious. At the other extreme, where low temperatures must be produced 
with refrigeration and where comparatively little power is used for driving 
the machinery, the heat gain through the building structure will become 
the major factor in determining the size of equipment and in this case the 
ventilation requirement assumes a normal degree of importance. 

Buildings which are to be air conditioned should therefore be designed 
with careful consideration of overall cost and efficiency. Condensation 
resulting from high humidities must be prevented by suitable materials 
and construction, or else collected and drained to prevent loss of product 
or quick deterioration of the structure. Air leakage or filtration may add 
greatly to operating costs or make the maintenance of low humidities 
(relative or absolute) wholly impossible. Low temperatures require good 
insulation. 

It is apparent that the subject of air conditioning for industrial processes 
is extensive and greatly involved, and that a detailed treatment is there- 
fore beyond the scope of this book. A few of the salient points of the 
general subject are covered in this chapter. 

CLASSIFICATION OF PROBLEMS 

In general, any industrial air conditioning problem may be listed under 
one or more of the following five classes : 

1. Control of Regain. 

2. Control of Rate of Chemical Reactions. 

3. Control of Rate of Biochemical Reactions. 

4. Control of Rate of Crystallization. 

5. Elimination of Static Electricity. 

CONTROL OF REGAIN 

In the manufacture or processing of hygroscopic materials such as 
textiles, paper, wood, leather, tobacco and foodstuffs, the temperature 
and relative humidity of the air have a marked influence upon the rate of 
production and upon the weight, strength, appearance and general 
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quality of the product. This influence is due to the fact that the moisture 
content of materials having a vegetable or animal origin, and to a lesser 
extent minerals in certain forms, comes to equilibrium with the moisture 
of the surrounding air. 

In industries where the physical properties of a product affect its value, 
the^ percentage of moisture is of special importance. With increase in 
moisture content, hygroscopic materials ordinarily become softer and 
more pliable. Standards of regain are firmly fixed in trade with fair 
penalties for excesses. Deficiencies result in loss of revenue to seller and 
loss of desirable quality to buyer. 

Manufacturing economy therefore requires that the moisture content 
be maintained at a percentage favorable to rapid and satisfactory manipu- 
lation and to a minimum loss of material through breakage. A uniform 
condition is desirable in order that high speed machinery may be adjusted 
permanently for the desired production with a minimum loss from delays, 
wastage of raw material and defective product. 

In the processing of hygroscopic materials, it is usually necessary to 
secure a final moisture content suitable for the goods as shipped. Where 
the goods are sold by weight, it is proper that they contain a normal or 
standard moisture content. 

MOISTURE CONTENT AND REGAIN 

The terms moisture content and regain refer to the amount of moisture 
in hygroscopic materials. Moisture content is the more general term and 
refers either to free moisture (as in a sponge) or to hygroscopic moisture 
(which varies with atmospheric conditions). It is usually expressed as a 
percentage of the total weight of material. Regain is more specific and 
refers only to hygroscopic moisture. It is expressed as a percentage of the 
hone-dry weight of material. For example, if a sample of cloth weighing 
100.0 grains is dried to a constant weight of 93.0 ^ains, the loss in weight, 
or 7.0 grains, represents the weight of moisture originally contained. This 
expressed as a percentage of the total weight (100.0 grains) gives the 
moisture content or 7 per cent. The regain, which is expressed as a per- 

7 0 

centage of the bone-dry weight, is or 7.5 per cent. 

The use of the term regain does not imply that the material as a whole 
has been completely dried out and has re-absorbed moisture. During the 
processing of certain textiles, for instance, complete drying during manu- 
facturing is avoided as it might appreciably reduce the ability of the 
material to re-absorb moisture. A basis for calculating the regain of 
textiles is obtained by drying under standard conditions a sample from 
the lot and the dry weight thus obtained is used as a basis in the calcu- 
lations to determine the regain. 

The moisture content of an hygroscopic material at any time depends 
upon the nature of the material and upon the temperature and especially 
the relative humidity of the air to which it has been exposed. Not only 
do different materials acquire different percentages of moisture after 
prolonged exposure to a given atmosphere, but the rate of absorption or 
drying out varies with the nature of the material, its thickness and 
density. 
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Table 2. Regain of Hygroscopic Materials 

Moisture Content Expressed in Per Cent of Dry Weight of the Substance at 
Various Relative Humidities — Temperature, 75 F 


Rblativi Humtoitt— Per Cent 


Viscose Nitrocellu- 
lose Cupramonium 


Sea island— roving 
American— cloth 
Absorbent 

Australian merino— skein 
Raw chevennes— skein 
Table cloth 
Dry spun— yam 
Average of several grades 
Manila and sisal- rope 


Average skein 


10 

20 

30 

40 

SO 

60 

70 

80 

90 


1 2.5 

3.7 

4.6 

5.5 

6.6 

7.9 

9.5 

11.5 

141 

Hartshorne 

26 

3.7 

4.4 

5.2 

5.9 

6.8 

8.1 

10.0 

14.3 

Schloesing 

48 

90 

12.5 

15.7 

18.5 

20.8 

22.8 

24.3 

25.8 

Fuwa 

4.7 

7.0 

8.9 

10.8 

12 8 

14.9 

17.2 

19.9 

23.4 

Hartshorne 

3.2 

5.S 

6.9 

8.0 

80 

10.2 

11.9 

14.3 

18.8 

Schloesing 

1.9 ' 

2.9 

3.6 

43 

5.1 

6.1 

7.0 

8.4 

10.2 

Atkinson 

3.6 

5.4 

6.5 

7.3 

8.1 

8.9 

9.8 

11.2 

13.8 

Sommer 

3.1 

5.2 

6.9 

8.5 

10.2 

12.2 

14.4 

17.1 

20.2 

Storch 

2.7 

4.7 

6.0 

7.2 

8.5 

9.9 

11.6 

13.6 

15.7 

Fuwa 
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Table 2 shows the regain or hygroscopic moisture content of several 
organic and inorganic materials when in equilibrium at a dry-bulb tem- 
perature of 75 F and various relative humidities. The effect of relative 
humidity on regain of hygroscopic substances is clearly indicated. The 
effect of temperature is comparatively unimportant. In the case of 
cotton, for instance, an increase in temperature of 10 deg has the same 
effect on regain as a decrease in relative humidity of one per cent. Changes 
in temperature do, however, affect the rate of absorption or drying. 
Sudden changes in temperature cause temporary fluctuations in regain 
even when the relative humidity remains stationary. 

The regain or moisture content affects the physical properties of textiles 
to a marked degree, changing the strength, pliability and elasticity. 

The fact that the regain of textiles will come into equilibrium with the 
conditions of the surrounding air and vary with its temperature and 
relative humidity is the fundamental basis for the control of physical 
qualities during manufacture. During the preparation processes in a 
cotton mill, the cotton fibers should be in a condition to be easily carded. 

These preliminary processes are carried out best in a relative humidity 
of 50 to 55 per cent. As the cotton fiber comes to the spinning operation, 
more flexibility is needed and the relative humidity is increased in this 
department. For many years, 65 per cent relative humidity was con- 
sidered the optimum. To offset the extra work performed on the fiber 
as the spindle speed is increased, many cotton mills now carry 70 per cent 
relative humidity in the spinning rooms.^ Winding, warping and weaving 
are all processes calling for great flexibility and a consequent need for 
higher humidity. 

Other textile fibers, due to their different natural characteristics, are 
processed under relative humidities and temperatures applicable to each. 

Rayons, on account of great loss of strength with the higher regains, 
should be processed in a relative humidity of 55 to 70 per cent. Acetate 
silk, another chemical fiber, with approximately 50 per cent of the regain 
of rayon, may be processed between 60 and 65 per cent relative humidity. 

All hygroscopic materials release sensible heat equivalent to the latent 
heat of the moisture absorbed by the material, all of which may account 
for a small percentage of the total heat load. 

CONDITIONING AND DRYING 

In general, the exposure of materials to desirable conditions for treat- 
ment may be coincidental with the manufacture or processing of the 
materials, or they may be treated separately in special enclosures. This 
latter treatment may be classified as conditioning or drying. The purpose 
of conditioning or drying is usually to establish a desired condition of 
moisture content and to regulate the physical properties of the material. 

When the final moisture content is lower than the initial one, the term 
drying is applied. If the final moisture content is to be higher, the process 
is termed conditioning. In the case of some textile products and tobacco, 


iThe Present Status of Textile Regain Data, by A. E. Stacey, Jr. (National Association of Cotton 
Manufacturers, 1927), 
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for example, drying and conditioning may be combined in one process for 
the dual purpose of removing undesirable moisture and accurately regu- 
lating the final moisture content. Either conditioning or drying are 
frequently made continuous processes in which the material is conveyed 
through an elongated compartment by suitable means and subjected 
to controlled atmospheric conditions. 

CONTROL OF RATE OF CHEMICAL REACTIONS 

A typical example of the second general classification, that is the 
control of the rate of chemical reactions, occurs in the manufacture of 
rayon. The pulp sheets are conditioned, cut to size, and passed through 
a mercerizing process. It is essential that during this process close con- 
trol of both temperature and relative humidity should be maintained. 
Temperature controls the rate of reaction directly, while the relative 
humidity maintains a constant rate of evaporation from the surface of 
the solution and gives a solution of known strength throughout the 
mercerizing period. 

Another well-known example of this class is the drying of varnish 
which is an oxidizing process dependent upon temperature. High relative 
humidities have a retarding action on the rate of oxidization at the 
surface and allow the gases to escape as the chemical oxidizers cure the 
varnish film from the bottom. This produces a surface free from bubbles 
and a film homogeneous throughout. 

Desirable temperatures for drying varnish vary with the quality. A 
relative humidity of 65 per cent is beneficial for obtaining the best 
processing results. 

CONTROL OF RATE OF BIOCHEMICAL REACTIONS 

In the field of biochemical control, industrial air conditioning has been 
applied to many different and well-known products. All problems 
involving fermentation are classed under this heading. As biochemistry 
is a subdivision of chemistry, subject to the same laws, the rate of reaction 
may be controlled by temperature. An example of this is the dough room 
of the modern bakery. Yeast develops best at a temperature of 80 F. 
A relative humidity of 65 per cent is maintained so as to hold the surface 
of the dough open to allow the CO 2 gases formed by the fermentation to 
pass through and produce a loaf of bread, when baked, of even, fine 
texture without large voids. 

Another example of a similar process is found in the curing of maca- 
roni. The flour and water mixture is fermented and dried. As it is 
necessary to have a definite amount of water present to carry on a fer- 
mentation process, the moisture must be removed in a relatively short 
period to stop fermentation and prevent souring and in such a manner as to 
avoid setting up internal strains in the mixture. Best results are obtained 
with the correct cycles of both temperature and humidity. 

The curing of fruits, such as bananas and lemons, also comes under this 
classification. Bananas are treated somewhat differently and to accom- 
plish the required results, a cycle of temperatures and relative humidities 
is used. The starches in the pulp of the fruit must be changed and the 
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skin cured and colored, after which the fruit is cooled to maintain as low 
a rate of metabolism as possible. Ideal conditions range between 55 to 
57 F and in no case should the temperature go below 49 F, as the starches 
then become fixed and are indigestible. 

The curing of lemons is an entirely different problem. Bananas are 
cured for a quick market, while lemons are held for a future market. The 
process, therefore, varies in the temperature used. Temperatures from 
54 to 59 F have been found to be best suited for this process. A high 
relative humidity of 88 to 90 per cent is necessary to hold shrinkage to a 
minimum and, at the same time, develop the rind so it will be sufficiently 
tough to permit handling. 

Tobacco from the field to the finished cigar, cigarette, plug or pipe 
tobacco, offers another interesting example of what may be done by 
industrial air conditioning in the control of color, texture and flavor. 
In the processing of tobacco, the first three classifications of air con- 
ditioning are involved, and only through close atmospheric control can 
the best quality of the leaf be developed. 

$ 

CONTROL RATE OF CRYSTALLIZATION 

The rate of cooling of a saturated solution determines the size of the 
crystals formed. Both temperature and relative humidity are of im- 
portance, as the one controls the rate of cooling, while the other, through 
evaporation, changes the density of the solution. 

In the coating pans for pills, gum and nuts, a heavy sugar solution is 
added to the tumbling mass. As the water evaporates, each separate 
piece is covered with crystals of sugar. A smooth, opaque coating is only 
accomplished by blowing into the kettle the proper amount of air at the 
right temperature and relative humidity. If the cooling and drying is 
too slow, the coating will be rough and semi-translucent, and the ap- 
pearance unsightly; if too fast, 3ie coating will chip through to the 
interior. Only by balancing temperature, relative humidity, and volume 
of air to the sugar solution, can the proper rate be obtained and a perfect 
coating assured. 

ELIMINATION OF STATIC ELECTRICITY 

The presence of static electricity is very detrimental to the satisfactory 
and economical processing of many light materials, such as textile fibers, 
paper, etc. It is also extremely dangerous where explosive atmospheres 
or materials are present. Fortunately, this hazard is easily eliminated 
by increasing the relative humidity. 

In attempting to eliminate static electricity, it must be borne in mind 
that for successful elimination the air that actually comes in contact 
with the material in the machine must be at a relative humidity of 45 
per cent or more. As some machines consume a great deal of power 
which is converted directly into heat, the temperature in the machine 
may be considerably higher than the temperature adjacent to the machine 
where the relative humidity is normally measured. In such cases, the 
relative humidity in the machine will be appreciably lower than that 
elsewhere in the room, and it may be necessary to maintain a room 
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relative humidity of 65 per cent, or even more, before the desired results 
can be obtained. 


CALCULATIONS 

The methods for determining the proper heating and cooling loads for 
the various industrial processes are similar to those outlined in Chapters 
6 and 7. Because of the large number of motors and heat processing units 
usually prevalent in an industrial application, it is particularly important 
that operating allowances for the latent and sensible heat loads be 
definitely ascertained and used in the calculations to determine the total 
design load. 
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Chapter 40 


INDUSTRIAL EXHAUST SYSTEMS 


Classification of Systems^ Design Procedure, Requirements for 
Suction and Velocity, Hoods, Design of Duct Systems, Col* 
lectors. Resistance of Systems, Efficiency of Exhaust Systems, 
Selection of Fans and Motors, Corrosion 


I N almost every industry some type of exhaust or collecting system is 
essential to achieve efficient and economical control of dusts and 
fumes. General design information is included in this chapter which is 
intended to relate primarily to factory exhaust systems. 

CLASSIFICATION OF SYSTEMS 

There are two general arrangements, the central and the group systems. 
In the central system a single or double fan is located near the center of 
the shop with a piping system radiating to the various machines to be 
served. In the group system, which is sometimes employed where the 
machines to be served are widely scattered, small individual exhaust fans 
are located at the center of the machine groups. The group arrangement 
has the advantage of flexibility. 

Exhaust systems are also classified by the means employed to collect 
dust or other material handled. The dust or refuse may be collected and 
controlled by enclosing hoods, open hoods, inward air leakage, or by 
exhausting the general air of the room. 

With some classes of machinery it is not feasible to closely hood the 
machines and in these cases open hoods over or adjacent to the machines 
are provided to collect as much as possible of the dust and fumes. This 
class includes such machines as rubber mills, package filling machinery, 
sand blast, crushers, forges, pickling tanks, melting furnaces, and the 
unloading points of various types of conveyors. 

The open hoods should be placed as close to the source of dust or fumes 
as possible, with due regard to the movements of the operator. When the 
hood must be placed at some distance above the machine it should be 
large enough to encompass an area of considerable extent as diffusion is 
usually quite rapid. 

Consideration must also be given to the natural movement of the 
fumes. For those that are lighter than air the hood should be over or 
above the machine and where a heavy vapor or dust-laden air at ordinary 
temperature is to be removed, horizontal or floor connections are required. 
If it is attempted to remove heavy dust such as lead oxides by an over- 
head hood the conditions may be worse than if no exhaust were used at 
all, owing to the rising air current carrying the dust up through the 
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breathing zones. The objective to keep in mind in all cases is to take 
advantage of the natural tendency of the material to move upward or 
downward. 

In another class of operation the main objective is to prevent the escape 
of dust into the surrounding atmosphere, the removal of some dust from 
the machine or enclosure being merely incidental. The dust-creating 
apparatus is enclosed within a housing which is made as tight as prac- 
ticable, and sufficient suction is applied to the enclosure to maintain an 
inward air leakage, thus preventing escape of the dust. While the exhaust 
system is required to handle only the air which leaks in through the 
crevices and openings in the enclosure, yet in many installations leakages 
are very high and great care is required to obtain satisfactory results 
with a system of this kind. The inward-leakage principle is utilized for 
controlling dust in the operating of tumbling barrels, grinding, screening, 
elevating, and similar processes. 

Certain dust and fume producing operations are best carried on by 
isolating the process in a separate compartment or room and then apply- 
ing general ventilation to this space. The compartment or room in which 
the work is performed should be as small as is consistent with convenience 
in handling the work. The ventilating system should be designed so 
that a strong current of clean air is drawn across the operator, and away 
from him toward the work, where the dust is picked up and carried 
from the room. 

DESIGN PROCEDURE 

The first step in the design of an exhaust system is to determine the 
number and size of the hoods and their connections. No general rules, 
however, can be given since hood and duct dimensions are determined by 
the characteristics of the operations to which they are applied. When a 
tentative decision regarding the set-up has been made, it is then necessary 
to obtain the suction and air velocities required to effect control. At this 
point the designer must rely upon the prevailing practice and on such 
physical data relating to hoods, duct systems and collectors as are avail- 
able. Finally, in choosing the fan, the area of the intake should be equal 
to or greater than the sum of the areas of the branch ducts. The speed, of 
course, must be sufficient to maintain the estimated suction and air 
velocities in the system. In general, the most important requirements of 
an efficient exhaust and collecting system are as follows^: 

1. Hoods, ducts, fans and collectors should be of adequate size. 

2. The air velocities should be sufficient to control and convey the materials collected. 

3. The hoods and ducts should not interfere with the operation of a machine or any 
working part. 

4. The system should do the required work with a minimum power consumption. 

5 . When inflammable dusts and fumes are conveyed, the piping should be provided 
with an automatic damper in passing through a fire-wall. 

6. Ducts and^ all metal parts should be grounded to reduce the danger of dust ex- 
plosions by static electricity. 

7. The design of an exhaust system should afford easy access to parts for inspection 
and care. 


^For more detailed reQuirements see Safe Practice Pamphlets Nos. 32 and 37, published by the National 
Safety Council^ Chicago. 
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REQUIREMENTS FOR SUCTION AND VELOCITY 

The removal of dust or waste by means of an exhaust hood requires a 
movement of air at the point of origin sufficient to carry it to a col- 
lecting system.^ The air velocities necessary to accomplish this depend 
upon the physical properties of the material to be eliminated and the 

Table 1. Size of Connections for Wood-Working Machinery 

i 

Type of Machine ! 

1 

Diameter of 
Connections in 
Inches 

Circular saws, 12-in. diam 

4 

Circular saws, 12-24 in. diam 

5 

Circular saws, 24-40 in. diam. 

6 

Band saws, blade under 2 in. wide _ 

4 

Band saws, blade 2-3 in. wide. 

Band saws, blade 3-4 in. wide 

5 

6 

Band saws, blade 4-.'i in. wide __ 

7 

Band saws, blade .^-6 in. wide _ , 

8 

Bmall mnrtisers 

6 

Single end tennners . _ 

6 

Double end tenoners 

7 

Double, end, double bead tenoners . 

10 

Planers, matchers, moulders, stickers, jointers, etc. — 

With knives, 6-10 in.. 

5-6 

With knives, 10-20 in. . 

6-8 

With knives, 20-30 in 

6-10 

Shapers, light work _ 

4-5 

Shapers, heavy work 

8 

Pelt Sander, belt less than 6 in. wide. 

5 

Pelt Sander, belt 0-10 in. wide 

6 

Belt Sander, belt 10-14 in. wide . 

7 

Drum .Sander, 24 in. __ . _ __ 

5 

Drum sandpr, 30 in 

6 

Drum Sander, 36 in, ... _ . _ . ... 

7 

Drum Sander, 4^ in, .. . . . 

8 

Drum Sander, over 48 in^ . . 

10 

Disc Sander, 24 in^ diam. , 

5 

Dicr pfl^der 9.fi-3fi in. diam. . - 

6 

Disc Sander, 36-48 in. diam. 

7 

Arm Sander .. . 

4 




direction and speed with which it is thrown off. If the dust to be removed 
is already in motion, as is the case with high-speed grinding wheels, the 
hood should be installed in the path of the particles so that a minimum 
air volume may be used effectively. It is always desirable to design and 
locate a hood so that the volume of air necessary to produce results is as 
small as possible. 

The static suction at the throat of a hood is frequently used in practice 
as a measure of the effectiveness of control. This is of considerable value 
where exhaust systems adapted to particular operations have been 
standardized by practice. Tables 1 and 2 present the duct sizes usually 
employed for standard wood-working machinery and for grinding and 
buffing wheels. Static pressures, which in practice have been found 
necessary to control and convey various materials, are given in Table 3. 
It must be remembered, however, that the suction is merely a rough 
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Table 2. Size of Connections for Grinding and Buffing Wheels 


Diameter of Wheels 


Max. 

Grinding 

Sltiface 

S<3 In. 

Min. Diam. 

OF Branch 
Pipes in 
Inches 

Grinding — 


19 


6 in. or less, not over 1 in. thick, 



3 

7 in. to 9 in., inclusive, not over 114 in. thick 1 

43 


10 in. to 16 in., " « « 2 

in. “ 

101 

4 

17 in. to 19 in., “ “ “ 3 

in. “ 

180 


20 in. to 24 in., “ .<14 

in. “ 

302 

5 

25 in. to 30 in., “ “ “ 5 

in. “ 

472 

6 

Buffing — 


19 


6 in. or less, not over 1 in. thick. 



7 in. to 12 in., inclusive, not over 

in. thick 

57 

4 

13 in. to 16 in., “ « « 2 

in. “ 

101 

m 

17 in. to 20 in., “ “ “ 3 

in. “ 

189 

5 

21 in. to 27 in., “ « « 4 

in. " 

338 

6 

27 in. to 33 in., “ “ « 5 

in. “ 

518 

7 


measure of the air volume handled and consequently of the air velocity at 
the opening of the hood. The elimination of any dusty condition requires 
added information concerning the shape, size and location of the hood 
used with regard to the operation in question. 

In some states grinding, polishing and buffing wheels are subject to 
regulation by codes. The static suction requirements, which range from 
13 ^ to 5 in. water displacement in a 17-tube, should be followed although 
in several instances they may appear to be excessive. Frequently, in 
these operations, a large part of the wheel must be exposed and the dust- 
laden air within the hood is thrown outward by the centrifugal action of 
the wheel, thus counteracting useful inward draft. This tendency may 
be diminished by locating the connecting duct so as to create an air flow 
of not less than 200 fpm about the lower rim of the wheel. 

Exact determinations of hood control velocities are not available, but 
it is safe to assume that for most dusty operations they should not be less 


Table 3. Suction Pressures Required at Hoods 


Type op Installation 

Static Suction in 
Inches op Water 

Rxhausting from grinding anH huffing wh^ftls 

IVz-S 

2 

Evh?i^Tsting from tunihling barrels . 

Exhausting from wood-working machinery — flight duty 

2 

Exhausting from wood-working machinery — ^hea.vy duty, . __ 

2-4 

Shoe machinery evh^nst _ _ 

2-3 

Exhausting from rubber manufacturing processes, 

2 

Flint grinding exhaust 

2 

Exhausting from pottery processes 

2 

T.ead dn.st and fume exhaust 

2-4 

Fur and felt machinery exhaust 

2-3 

Exhausting from textile machinery 

2-3 

Exhausting from elevating and crushing machinery 

2 

Conveying bulky and heavy materials , 

3-5 
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than 200 fpm at the point of origin. For granite dust generated by 
pneumatic devices, Hatch et aF give velocities from 150 to 200 fpm, 
depending on the type of hood used, as sufficient for safe control. Con- 
sidering the character of the industry, air velocities of this order may be 
extended^ to similar dusty operations. The method for approximately 
determining these velocities in terms of the velocity at the hood opening 
is given below. 


HOODS 

No set rule can be given regarding the shape of a hood for a particular 
operation, but it is well to remember that its essential function is to create 
an adequate velocity distribution. The fact that the zone of greatest 
effectiveness does not extend laterally from the edges of the opening may 
frequently be utilized in estimating the size of hood required. Where 
complete enclosure of a dusty operation is contemplated, it is desirable to 
leave enough free space to equal the area of the connecting duct. Hoods 
for grinding, polishing and buffing should fit closely, but at the same time 
should provide an easy means for changing the wheels. It is advisable to 
design these hoods with a removable hopper at the base to capture the 
heavy dusts and articles dropped by the operator. Such provisions are of 
assistance in keeping the ducts clear. Air volumes used to control many 
dust discharges may often be reduced by effective baffling or partial 
enclosure of an operation. This procedure is strongly urged where dusts 
are directed beyond the zone of influence of the hood. 


Axial Velocity Formula for Hoods 


When the normal flow of air into a hood is unobstructed, the following 
formula may be used to determine the air velocity at any point along 
the axis®: 


r - Q-i Q 

+ 0.1 A 


( 1 ) 


where 


V = velocity at point, feet per minute. 

A = area of opening, square feet. 

X = distance along axis, feet. 

Q = volume of air handled, cubic feet per minute. 


Velocity Contours 

It is possible by use of a specially constructed Pitot tube* to map 
contours of equal velocity in any axial plane located in the field of in- 
fluence. It has been found that the positions of these contours for any 
hood can be expressed as percentages of the velocity at the hood opening 
and are purely functions of the shape of the hood®. 


*Control of the Silicosis Hazard in the Hard Rock Industries. L A Laboratory Study of the Design of 
Dust Control Systems for Use with Pneumatic Granite Cutting Tools, by Theodore Hatch, Philip Drinker 
and Sarah P. Choate. {Journal of Industrial Hygiene^ Vol. XII, No. 3, March, 1930). 

•The Control of Industrial Dust, by J. M. Dalla Valle {Mechanical Engineering, Vol. 55, No. 10, October 
1933). 

^Studies in the Design of Local Exhaust Hoods, by J. M. DallaValle and Theodore Hatch (A^S.M.E. 
Transactions, Vol. 54, 1932). 

•Velocity Characteristics of Hoods under Suction, by J. M. DallaValle (A.S.H.V.E. Traj^sactions, 
Vol. 38, 1932, p. 387). 
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Further, the velocity contours are identical for similar hood shapes 
when the hoods are reduced to the same basis of comparison. These facts 
are applicable to all hood problems so that when the velocity contour 
distribution is known, the air flow required can be determined. Fig. 1 
shows the contour distribution in two axial planes perpendicular to the 
sides of a rectangular hood with a side ratio of one-half. The distribu- 
tion shown is identical for all openings with a similar side ratio provided 
the mapping is as shown in the figure. The contours, of course, are 
expressed as percentages of the velocity at the opening. 



Velocity at the Opening 


Air Flow from Static Readings 

The volume of air flow through any hood may be determined from the 
following equation: 

Q = 4005/4 VIT (2) 

where 

Q = volume of air flow, cubic feet per minute. 

A — area of connecting duct, square feet. 

ht — static suction at throat of hood, inches of water. 

«= orifice or restriction coefficient which varies from 0.6 to 0.9 depending on the 
shape of the hood. 
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An average value of/ is 0.71, although for a well-shaped opening a value 
of 0.8 may be used. The factor / is determined from the equation : 

/ - (3) 

where hy is the velocity head in the connecting duct. 

The term static suction is not a good measure of the effectiveness of a 
hood unless the area of the opening and the location of the operation with 
respect to the hood are known. This is clearly indicated by Equation 1 
which shows that the velocity at any point along the axis varies inversely 
as the area of the opening and the square of the distance. However, this 
formula coupled with Equation 2 should serve to indicate the velocity 
conditions to be expected when operations are conducted external to the 
hood opening. 

Large Open Hoods 

Large hoods, such as are used for electroplating and pickling tanks, 
should be sub-divided so the area of the connecting duct is not less than 
one-fifteenth of the open area of the hood. Frequently, it will be found 
necessary to branch the main duct in order to obtain a uniform distri- 
bution of flow. Canopy hoods should extend 6 in. laterally from the tank 
for every 12 in. elevation, and wherever possible they should have side 
and rear aprons so as to prevent short circuiting of air from spaces not 
directly over the vats or tanks. In most cases, hoods of this type take 
advantage of the natural tendency of the vapors to rise, and air velocities 
may be kept low. Cross drafts from open doors or windows disturb the 
rise of the vapors and therefore provision must be made for them. The 
air velocities required also depend upon the character of the vapors given 
off, cyanide fumes, for example, requiring an air velocity of approxi- 
mately 75 fpm on the surface of the tank and acid and steam vapors 
requiring velocities as low as 26 to 50 fpm. The total volume of air flow 
necessary to obtain these velocities may be approximately determined 
from the following simple formula: 

Q = 1.4PDF (4) 

where 

Q = total volume of air handled by hood, cubic feet per minute. 

P — perimeter of the tank, feet. 

D = distance between tank and hood opening, feet. 

V = air velocity desired along edges and surface of tank, feet per minute. 

Lateral Exhaust Systems 

The lateral exhaust method, as developed for chromium plating®, is 
applicable in many instances in preference to the canopy type hoods. 
The method makes use of drawing air and fumes laterally across the top 
of vats or tanks into slotted ducts at the- Top and extending fully along 
one or more sides of the tanks. The slots are 2 in. wide and for effective 


•Health Hazards in Chromium Plating, by J. J. Bloomfield and Wm. Blum (U. S. Public Health 
Re-porU Vol. 43, No. 26, September 7. 1928). 
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ventilation a 2000 fpm exhaust air velocity at the slot face is advisable. 
In addition, the duct should not be required to draw the air laterally for 
a distance of more than 18 in. and the level of the solution should be kept 
6 to 8 in. below the top of the tanks. 

Flexible Exhaust Systems 

The flexible exhaust tube method may be advantageously used for 
removing dust or fumes. Flexible tubes having one end connected to an 
exhaust system and a slotted hood attached to the other end may be 
shaped at will to fit in with industrial processes without affecting the ease 
of operation. Efficient dust or fume removal may be had with use of 
relatively small exhaust volumes. This type of system may be used on 
swing grinders, ' portable grinding wheels, soldering operations, stone 
cutting, rock drilling, etc. 

Spray Booths 

In the design of an efficient spray booth, it is essential to maintain an 
even distribution of air flow through the opening and about the object 
being sprayed. While in many instances spraying operations can be 
performed mechanically in wholly enclosed booths, the volatile vapors 
may reach injurious or explosive concentrations. At all times the con- 
centrations of these vapors, and particularly those containing benzol, 
should be kept below 100 parts per million. Spray booth vapors are 
dangerous to the health of the worker and care should be taken to mini- 
mize exposure to them. 

It is recommended in the design of spray booths that the exhaust duct 
be located in a horizontal position slightly below the object sprayed. 
Stagnant regions within the booth should be carefully avoided or should 
be provided with exhaust. The air volume should be sufficient to main- 
tain a velocity of 150 to 200 fpm over the open area of the booth, and the 
vapors may be discharged through a suitable stack to permit dilution, but 
it is better practice to pass the fumes or vapors through baffle type 
washers or scrubbers designed for efficient spray fume removaF. 

Hoods for Chemical Laboratories 

Hoods used in chemical laboratories are generally provided with 
sliding windows which permit positive control of the fumes and vapors 
evolved by the apparatus. Their design should offer easy access for the 
installation of chemical equipment and should be well lighted. Air 
velocities should exceed 50 fpm when the window is opened to its maxi- 
mum height. 

DUCT SYSTEM DESIGN 

The duct system should be large enough to transport the fumes or 
material without causing serious obstruction to the air flow. It is good 
practice to proportion the ducts to obtain the desired velocities and 
suction pressures at the hoods,. although in many cases only an approxi- 
mation to an ideal design is possible. Many exhaust hoods, and par- 


»For a discussion of spray booths, see Special Bulletin No. 16, Spray Painting in Pennsylvania, Depart- 
ment of Labor and Industry, 1926, Harrisburg, Pa. 
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ticularly those used in^ buffing and polishing, are connected by short 
branch pipes to the main duct which renders proportioning impractical. 

Construction 

The ducts leading from the hoods to the exhaust fan should be con- 
structed of sheet metal not lighter than is shown in Table 4. The piping 
should be free from dents, fins and projections on which refuse might 
catch. 

All permanent circular joints should be lap-jointed, riveted and sol- 
dered, and all longitudinal joints either grooved and locked or riveted 
and soldered. Circular laps should be in the direction of the flow, and 
piping installed out-of-doors should not have the longitudinal laps at the 
bottom. Every change in pipe size should be made with an eccentric 
taper flat on the bottom, the taper to be at least 5 in. long for each inch 
change in diameter. All pipes passing through roofs should be equipped 
with collars so arranged as to prevent water leaking into the building. 

The main trunks and branch pipes should be as short and straight as 
possible, strongly supported, and with the dead ends capped to permit 
inspection and cleaning. All branch pipes should join the main at an 


Table 4. Gage of Sheet Metal to be Used for Various Duct Diaaieters 


Dumeteh of Duct 

Gage of Mxtjj. 

R in. nr 

24 

tn 1R in. _ __ 

22 

IQ to 25 in-_ 

20 

2fi in. nr morp 

18 



acute angle, the junction being at the side or top and never at the bottom 
of the main. Branch pipes should not join the main pipes at points where 
the material from one branch would tend to enter the branch on the 
opposite side of the main. 

Cleanout openings having suitable covers should be placed in the main 
and branch pipes so that every part of the system can be easily reached in 
case the system clogs. Either a large cleanout door should be placed 
in the main suction pipe near the fan inlet, or a detachable section of 
pipe, held in place by lug bands, may be provided. 

Elbows should be made at least two gages heavier than straight pipe 
of the same diameter, the better to enable them to withstand the addi- 
tional wear caused by changing the direction of flow. They should pref- 
erably have a throat radius of at least one and one-half times the diameter 
of the pipe. 

Every pipe should be kept open and unobstructed throughout its entire 
length, and no fixed screen should be placed in it, although the use of 
a trap at the junction of the hood and branch pipe is permissible, provided 
it is not allowed to fill up completely. 

The passing of pipes through fire-walls should be avoided wherever 
possible, and sweep-up connections should be so arranged that foreign 
material cannot be easily introduced into them. 
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Table 5. Air Speeds in Ducts Necessary to Convey Various Materials 


Matehul 

Am Velocetibs 
(fpm) 

Grain Hiist 

2000 

Wood chips and shavings 

3000 


2000 

, , 

Jntf^ dust _ . 

2000 

"Rubber dust 

2000 

Tjnt- 

1500 

Mental dust (grindings) _ 

2200 

T.pad dusts _ , 

5000 

Brass turnings (fine) . 

4000 

Fine coal - - 

4000 



At the point of entrance of a branch pipe with the main duct, there 
should be an increase in the latter equal to their sum. Some state codes 
specify that the combined area be increased by 25 per cent. While this 
is not always necessary and is frequently done at the expense of a reduced 
air velocity, it is none the less advisable where future expansion of the 
exhaust system is contemplated. 

Air Velocities in Ducts 

When the static suction has been fixed for a given hood, the air velocity 
in the duct may be determined from Equation 2. Air velocities for 
conveying a material should be moderate. Table 6 gives the velocities 
generally employed for conveying various substances. Equations 5 and 5a 
may be used as tests to determine the conveying efficiency of a system®. 
Velocities determined from these formulae should be increased by at least 
25 per cent since they represent the minimum at which a stated size and 
density of material can be transported. 


For vertical ducts: 

V = 13,300 

s + 1 

(5) 

For horizontal ducts: 

V = 6000 f , i"-" 
i + 1 

(5a) 


where 

V — air velocity in duct, feet per minute. 

5 ~ specific gravity of particles. 

d = average diameter of largest particles conveyed, inches. 

Example 1, Granidar material, the largest size of which is approximately 0.37 in. in 
diameter, with a spe^fic gravity of 1.40 is to be conveyed in a vertical pipe, the velocity 
of the air in which is 4100 fpm; find whether the material can be transported at this 
velocity. 

Substitute data in Equation 5a and multiply by 1.25: 

V = 1.25 X 13,300 X X 0.37«-'’ 

Antilog (0.57 X log 0.37) = 0.568; the required velocity is, therefore, 5500 fpm. 


“Determining Minimum Air Velocities for Exhaust Systems, by J. M. Dalla Valle (A S.H.V.E. Journal 
Section. Heating, Piptng and Air Conditionings September, 1932, p. 639). 
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Table 6. 

Loss Through 90-Deg Elbows 

Elbow Cbntbb Lwb Radius in Per Cent 

, 

Loss IN Per Cent of Velocitt Head 

Of Pipe Diabieter 



SO 


1 

1 

75 

100 


1 

26 

150 


1 

17 

200 to 300 


1 

j 

14 


Hence, the duct velocity must be increased either by speeding up the fan or decreasing 
the diameter of the duct, or both. 

Duct Resistance 

The resistance to flow in any galvanized duct riveted and soldered at 
the joints may be obtained from Fig. 2, Chapter 32. The pressure drop 
through elbows depends upon the radius of the bend. For elbows whose 
centerline radii vary from 50 to 300 per cent of pipe diameter, the loss may 
be estimated from Table 6. It is sometimes convenient to express the 
resistance of an elbow in terms of an equivalent length of duct of the same 
diameter. Thus with a throat radius equal to the pipe diameter the 
resistance is equivalent to a section of straight pipe approximately 10 
diameters long, while with a throat diameter radius times the dia- 
meter, the resistance is about the same as that of seven diameters of 
straight pipe. 


COLLECTORS 

The most common method of separating the dust and other materials 
from the air is to pass the mixture through a centrifugal or cyclone 
collector. In this type of collector the mixture of the air and material 
is introduced on a tangent, near the cylindrical top of the collector, and 
the whirling motion sets up a centrifugal action causing the compara- 
tively heavy materials suspended in the air to be thrown against the side 
of the separator, from which position they spiral down to the tail piece, 
while the air escapes through the stack at the center of the collector. 

The diameter of the cyclone should be at least 3J^ times the diameter 
of the fan discharge duct. When two or more separate ducts enter a 
cyclone, gates should be provided to prevent any back draft through a 
system which may not be operating. Cyclones working in conjunction 
with two or more fans should be designed to operate efficiently at two- 
thirds capacity rating. The following formula is useful in computing the 
loss through a cyclone when the velocity of the air in the fan discharge 
duct is known : 

- »•« {-mf "» 

where 

he * the pressure drop through the cyclone, inches of water. 

V = the air velocity in the fan discharge diict, feet per minute. 

If a cyclone is used to collect light dusts such as buffing wheel dusts, 
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feathers and lint, the exhaust vent should be large enough to permit an 
air velocity of 200 to 500 fpm. This will, of course, require a cyclone of 
larger dimensions than given for the foregoing general case. 

When a high collection efficiency is desired, or the material is very fine, 
multicyclones may be used. These are merely small cyclones arranged in 
parallel which utilize the principle of high centrifugal velocity to attain 
separation. The capacities and characteristics of this type of separator 
should be obtained from the manufacturers. 

Cloth Filters 

Filters are used when the material collected by an exhaust system is 
valuable or cannot be separated efficiently from the air with an ordinary 
cyclone. They are also employed when it is desirable to recirculate the 
air drawn from a room by the exhaust system, which otherwise might 
entail considerable loss in heat. Bag filters which are properly housed 
may be operated under suction. Bag houses used in the manufacture of 
zinc oxide and other chemical products are operated on the positive 
side of the fan. 

Wool, cotton and asbestos cloths are commonly used as filtering 
mediums. When woolen cloths are employed, the filtering capacities vary 
from 3^ to 10 cfm per square foot of filtering surface, depending on the 
character of the material collected. The rates for cotton and asbestos 
cloths are lower. The type of filter cloth and the rates of filtration 
depend, of course, on the material to be collected and the fan capacity. 
The time increase of resistance varies with the amount of material per- 
mitted to build up on the surface of the filter and can be determined only 
by experiment. The limits of the increase may be regulated by adjust- 
ment of the shaking or cleaning mechanism. These limits may be 
regulated further according to the capacity of the fan and the effective 
performance of the hoods and the duct system. 

For additional information on dust and cinders, see Chapter 29, 
Air Cleaning Devices. 


RESISTANCE OF SYSTEM 

The maintained resistance of the exhaust system is composed of three 
factors: (1) loss through the hoods, (2) collector drop, and (3) friction 
drop in the pipes. 

The loss through the hoods is usually assumed to be equal to the suction 
maintained at the hoods. The collector drop in inches of water is given 
approximately by Equation 6, but where possible the resistance of the 
particular collector to be used should be ascertained from the manu- 
facturer. 

Friction drop in the pipes must be computed for each section where 
there is a change in area or in velocity. Find the velocities in each section 
of pipe starting with the branch most remote from the fan. The friction 
drop for these sections can be determined by reference to Table 6. Total 
friction loss in the piping system is the friction drop in the most remote 
branch plus the drop in the various sections of the main, plus the drop 
in the discharge pipe. 
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EFFICIENCY OF EXHAUST SYSTEMS 

The efficiency of an exhaust system depends upon its effectiveness in 
reducing the concentration of dusts, fumes, vapors and gases below the 
safe or threshold limits®. 

Too much emphasis cannot be placed on the necessity of testing exhaust 
systems frequently by determining the concentration of atmospheric con- 
tamination at the worker’s breathing level. Commonly accepted values 
of threshold limits for the usual gases and vapors are given in Table 7. 

SELECTION OF FANS AND MOTORS 

Manufacturers generally provide special fans for the collection of 
various industrial wastes. These are available for the collection of coal 
dust, wood shavings, wool, cotton and many other substances. For 


Table 7. Threshold Limits of Common Vapors and Gases^ 


SUBSTANCT 

Spec. Gray. 
or Gas ob 
Vapor (Air 1) 

Ikplaioiabls 

Limits 

{%) 

Phtsiological 

Action 

Maxuiitk 

Allowablk 

CONCBNTRATION 

(ppm) 

Chlorine 

2.486 

non-inflamm. 

irritant 

0.35 

02 one 

5.5 

do 

do 

0.80 

Hydrogen chloride 

1.2678 

do 

do 

10.0 

Sulphur dioxide- 

2.2638 

do 

do 

10.0 

Carbon monoxide 

0.9671 

12.5-74 

asphyxiant 

100.0 

Hydrogen sulphide 

1.190 

4.3-46 

do 

85-130 

Benzene 

2.73 

1.4-7. 0 

anesthetic 

100.0 

Methanol 

1.1 

7.5-26.5 

do 

100.0 

Carbon tetrachloride 

5.3 

non-inflamm. 

do 

100.0 


aThe Prevention of Occupational Diseases, by R. R. Sayers and J. M. DallaValle ^Mechanical EngU 
neering, Vol. 67, No. 4, April, 1935). 


particular features concerning special fans, consult the Catalog Data 
Section of The Guide and manufacturers’ data. When substances 
having an abrasive character are conveyed, the fan blades and housing 
should be protected from wear. This may be accomplished by placing a 
collector on the negative side of the fan or by lining the housing and 
blades with rubber. 

If no future expansion of an exhaust system is contemplated, the fan 
motor should be chosen to provide the calculated air volume. Should, 
however, the exhaust system be required to handle more air in the 
future, the motor should be adequate for the maximum load anticipated. 
Further information regarding the choice of fans and motors is given in 
Chapters 30 and 36. 

PROTECTION AGAINST CORROSION 

The removal of gases and fumes in many chemical plants requires that 
metals used in the construction of the exhaust system be resistant to 


’Criteria for Industrial Exhaust Systems, by J. J. Bloomfield (A.S.H.V.E. Transactions, Vol. 40, 
1934, p. 353). 
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Table 8. Materials to be Used for the Protection of 
Exhaust Systems Against Corrosion® 


Type of Fume Coitvetbd 

Protective Material to be Used 

Chlorine. 

Rubber lining or chrome-nickel alloys 

Aluminum coated iron, aluminum, high chrome-nickel alloys 
Iron or steel 

Hydrogen sulphide 

Ammonia 

Sulphurous gases 

HyHrorhlorir arid __ 

High chrome-nickel alloys 

Rubber lining, chrome-nickel alloys 

Nickel-chrome alloys 

Nitrous gases 


•Condensed from data given by Chilton and Huey {Industrial and Engineering Chemistry, Vol. 24, 1932). 


chemical corrosion. A list of the materials which may be used to resist 
the action of certain fumes is given in Table 8. Hoods and ducts when 
short, may frequently be constructed of wood and be quite effective. 
Rubberized paints are available and may be applied as protective coatings 
in handling such gases and fumes as chlorine and hydrochloric acid. 
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DRYING SYSTEMS 


Drying Methods^ Driers, Mechanism of Drying, Moisture, 
General Rules for Drying, Equipment, Humidity Chart, Com- 
bustion, Design, Estimating Methods 


D rying, in its broader sense, refers to the removal of water, or other 
volatile liquid from either a gaseous, liquid, or solid material. In 
practice, the process of direct drying gaseous material is referred to 
generally as dehumidifying, or condensing, and in some cases chemicals 
are used in the adsorption or absorption of moisture. Drying a liquid is 
called evaporation or distillation. The common usage of the word drying 
refers to the removal of water or other liquid, such as a solvent, by evapo- 
ration from a solid material. 

When the solid to be dried contains large amounts of free water, the 
actual drying process is frequently preceded by the removal of part of the 
water by some mechanical means, such as filtration, settling, pressing or 
centrifuging. Removal of as much water as possible by such methods is 
usually advisable, as the cost of these operations, per pound of water 
removed, is generally much less than by evaporation. 

DRYING METHODS 

Drying may be accomplished in any one or combination of the following 
methods: 

1. Radiation. 

2. Conduction, or direct contact. 

3. Convection. 

Radiation 

The source of heat for radiation may be either the sun, or heated 
surfaces. Sun dr3dng is practiced where danger from rain is slight, and 
where sufficient time can be allowed. Where a strict adherence to a 
schedule is necessary, or where dusty atmosphere is present, this method 
is not in favor. Fruits are often dried in the sun. 

Radiation from hot surfaces (heated by steam, electricity, or other 
means) furnishes generally, from one-third to one-half the total heat 
required for evaporation. Convection currents set up by these hot 
surfaces and the cooler materials carry the balance of the heat. 
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Conduction or Direct Contact Drying 

This method of drying is advantageous where the material can be 
flowed on to the drying surface and the dried material scraped off, or 
where the material to be dried can be handled in a sheet, and where 
there is no danger of subjecting the product to the full temperature of the 
heating medium. The source of heat for this method may be steam, 
electricity, hot oil or hot water. 

Convection 

The circulation of heated air or other gases about the material to be 
dried is generally termed convection drying. The convection may be 
either natural or forced. With forced circulation, the temperature of the 


Am under cuive and above oven temperature 
represents useful heat 
Area between oven and room temperature 
represents heat *n vented air 


Example | 

When an- 1$ supplied to oven at temperature 

CD 

GH 

Useful heat equals area 

BCOE 

BGH J 

Vented heat equals area 

ABEF 

A8J K 



Lb air arculated 


Fig. 1. Relation Between Useful 
AND Total Heat Supplied 



Fig. 2. Rate of Drying of 
Whiting Slab 


drier is more uniform and the rate of drying is much higher than with 
natural circulation. Where humidity is used, the control is much easier, 
and more accurate. 

The source of heat for a convection drier may be steam, electricity, 
hot water, oil-fired heater, gas-fired heater, or coal furnace. Where either 
oil, gas or coal is used, the type of heater may be direct or indirect; i.e., 
the products of combustion may be used (direct), or the circulated air 
may be heated through an interchanger (indirect). 

Where the direct type is used, there is naturally a higher thermal 
efficiency, but it can only be used where the odor, soot, or the chemical 
elements of the products of combustion do not affect the material being 
dried. When heat economy is an important consideration this method 
(Fig. 1) may be used, permitting a small amount of air to be circulated, if 
a sacrifice of accurate control of temperature and humidity can be 
justified. 


DRIERS 

The term adiabatic drier is applied to a drier in which all the heat is 
supplied by air externally heat^. The temperature of the air in the 
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drier decreases as a transfer of heat to the material being dried takes place. 
Where part or all of the heat is supplied by steam coils or other means, 
within the drier itself, the drier is known as a constant temperature drier. 
Driers using little air for heating medium with a high temperature drop 
are difficult to hold at uniform temperatures; the more air used, the easier 
it is to secure accurate control of temperature and humidity. Driers may 
be classified as shown in Table 1. 

MECHANISM OF DRYING 

The modern theory of drying may be summed up as follows : Assuming 
uniform velocity and distribution of air at a constant temperature and 
humidity over the surface to be dried, the drying cycle will be divided into 
two distinct stages: 

1. Constant rate period. 

2. Falling rate period. 

The constant rate period occurs while the material being dried is still 
very wet, and continues as long as the water in the material comes to the 
surface so rapidly that the surface remains thoroughly wet, and evapora- 
tion proceeds at a constant rate, precisely as from a free water surface. 
The material assumes a temperature corresponding to the wet-bulb 
temperature of the surrounding air, or slightly higher, due to radiation 
and conduction from dry surfaces adjoining the material. The constant 
rate period continues until a time when the moisture no longer comes to 
the surface as fast as it is evaporated. This point is called the critical 
moisture content. 

As the drying proceeds, a period of uniform falling rate is entered. 
During this period, the surface of the material is gradually drying out, and 
the rate of drying falls as the remaining wet surface decreases in area. 
This period is also known as unsaturated surface drying. 

As drying continues, the surface is completely dry and the water from 
the interior evaporates and comes through the surface as vapor. As the 
plane of water recedes, the diffusion of the vapor becomes more difficult 
and hence the period is known as varying falling rate period, or sub-surface 
drying. 

As drying progresses another point called equilibrium moisture content 
is reached, where the vapor pressure of the moisture in the air and the 
vapor pressure of the moisture in the material are equal, and drying 
ceases. The drying of a slab of whiting is shown in Fig. 2 and illustrates 
the principles pointed out above. The factors affecting the variations of 
drying rates during the above periods are pointed out in Table 2. 

Omissions in the Cycle 

Many solids, such as lumber, are so dry at the beginning of the drying 
operation that the constant rate period of free surface evaporation does 
not occur. Frequently the surface of the material Is dry enough so that 
no surface drying can take place, in which case only the final stage of sub- 
surface drying is involved. In other instances, the critical moisture con- 
tent of a wet solid is sufficiently low that sub-surface drying starts almost 
immediately after the conclusion of the constant rate period. Thus the 
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intermediate state of unsaturated surface drying does not occur and the 
drying is of the sub-surface type during practically the whole of the 
tailing rate period. With other "kinds of material, particularly thin sheets, 
such as newsprint paper, sub-surface drying may occur at such a low 
moisture content that it is not encountered in commercial work, the 


Table 2. Factors Influencing Drying 


Factor 

Detinq Period 

Constant Rate, TJnsaturated Surface { Sub-Surface 

Temperature 

1 Increase in^ temperature in- 
Increase in temperature increases 1 creases drying rate, because 
drying rate j with decreased viscosity, dif- 

j fusion increases 

Humidity 

Drying rate increases as humidity 
is decreased 

No effect until equilibrium con- 
tent is reached; di^nng then 
ceases 

Air Velocity 

Drying rate varies approximately as 
the 0.6 power of the velocity 

No effect 

Air direction 

Dr>’ing rate increases, the more 
nearly the air blows^ perpendicular 
to surface; for dead air film becomes 
thinner 

No effect 

Thickness of 
Material 

Drying rate is not affected by the 
thickness 

Drying rate varies inversely as 
j the square of the thickness 


falling rate period being confined solely in practice, to unsaturated surface 
drying, 

MOISTURE 

Moisture in the solid may be in either of two forms: 

1. Capillary or free. 

2. Hygroscopic or chemically combined. 

Free moisture is contained in the capillary spaces between the particles 
or fibers of the materials. The loss of this moisture changes only the 
weight of the material. Chemically combined or hygroscopic moisture is 
intimately associated with the physical nature of the material and its 
removal changes both the physical characteristics as well as the chemical 
properties. The amount of hygroscopic moisture a material can contain 
is limited. This limit is called the fiber saturation point. When material 
is dried below this point, care must be exercised to avoid physical changes 
in the material, such as shrinkage, hardening, etc. All hygroscopic 
materials have definite equilibrium moisture contents dependent on 
temperature and humidity. Materials are frequently dried to a lower 
moisture content than those of equilibrium conditions in use, and allowed 
to regain the necessary moisture after leaving the drier to equalize the 
moisture in the material. Fig. 3^ shows the equilibrium moisture content 
of wood. 


^U. S. Department of Agriculture Bulletin, No. 1136. 
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GENERAL RULES FOR DRYING 

Temperature 

The highest temperature possible should be used because of faster 
drying and smaller requirements for ventilation. The amount of moisture 
that can be carried by a pound of air increases rapidly with rise in tem- 
perature as shown in the humidity chart of Fig. 4. ^ Too high a tempera- 
ture may cause spoilage of materials; many materials calcine or change 
their chemical properties if heated too hot; gypsum and glauber salts lose 
some of the chemically combined water, fall apart, and change their 
chemical properties. Too high or rapid rise in temperatures in drying 
lumber or ceramics may create a liquid vapor tension within the material 
so high that the cells explode, causing permanent injury to the fiber. If 
too high a temperature is used on some chemicals, they begin to react 



RELATIVE HUMIDITY IN ATMOSPHERE, PER CENT 
Fig. 3. Relation of Equilibrium Moisture Content in Wood 
TO THE Relative Humidity of Surrounding Air 


exothermally; a temperature rise and chemical action from within will 
burn the materials, e,g,, bakelite products, gunpowder, etc. During the 
constant rate period of drying, the material heats only to the wet-bulb 
temperature of the surrounding air, consequently high temperatures will 
not injure the material in this stage. 

Humidity 

Moisture in the drying air may be very important. Many materials 
tend to case-harden, dry on the outside, forming a skin which retards the 
moisture flow from the inside to the surface, or stops it completely, and so 
increases the drying time very much or causes a change of the physical 
properties of the material. It is often necessary to add humidity to the 
air in the initial stage of drying. Lumber case-hardens, cracks, and 
warps if the outside is dried too fast. Ceramics crack if not heated through 
before drying commences. Elastic materials warp while others crack if 
not evenly dried. Many paints case-harden if not dried under high 
humidity. 

On the other hand, in the case of those materials whose physical or 
chemical properties require that they be dried at relatively low tem- 
peratures high humidity tends to retard drying in the first stage and may 
even stop it altogether in the final stage. Where drying temperatures 
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below 120 to 140 F are used the dr\dng rate may be highly dependent on 
atmospheric humidity conditions. In such instances it is often desirable 
to dehumidify the air entering the drier during periods of high atmos- 
pheric humidity; where a high degree of uniformity is required it is often 
possible to secure complete independence of atmospheric conditions by 
recirculating the air in a closed system which includes a suitable dehu- 
midifier. For this purpose absorptive dehumidifying systems have the 
advantage of accomplishing the desired reduction of humidity without 
appreciably elevating or lowering the dry-bulb temperature of the air; 
for this reason after-cooling is not required, and reheating is reduced to a 
niinimum. Complete descriptions of such dehumidifying systems are 
given in Chapter 24 on Cooling and Dehumidification Methods. 

Air Circulation 

As noted under Mechanism of Drying, air velocity is more important 
in the first two stages of drying than in the last, and for this reason zone 
drying in continuous driers is frequently considered. It permits accurate 
regulation of temperature, humidity, and velocity in the different zones. 
High velocity results in more rapid drying, more even distribution of 
temperature and consequently more even drying in the first period. Too 
high a velocity may be detrimental because of excessive power needed for 
creating it, or because the material may blow away if it is light and fluffy. 
In the drying of paints, varnishes, and enamels, high velocity or improper 
distribution of the air even with the use of filters, may cause dust already 
in the drier to be blown against the material, ruining the finish. Table 3 
presents data on drying of various materials. 

EQUIPMENT FOR DRYING 

Equipment for drying may be divided into the following classes: 

1. Heat and humidity supply. 

2. Methods of handling. 

3. Ovens. 

The heat and humidity supply for low temperature work up to 250 F 
is often steam; steam coils either in the oven or outside, heat the air used 
for drying. Circulation of heated oil is used to a limited extent, but the 
danger of leaks is serious, for if the oil is hotter than the flash point, a 
fire may start if the oil is released to the atmosphere. In many cases where 
steam is not available, direct or indirect-fired heaters are used with gas or 
oil as fuel. Indirect heaters should be carefully selected from a standpoint 
of long life and efficiency. The heat exchange surface should be adequate 
in area and easily accessible for cleaning and removal. For extremely 
high temperatures, alloy surface may be used. With direct-fired equip- 
ment care must be used in the selection of burners and sufficient com- 
bustion space allowed to insure complete combustion of fuel. Humidity 
can be obtained in driers by the use of steam spray, humidifiers, or 
recirculation. 

Methods of handling of material have been indicated in Table 1. 

For low temperature work up to 200 F ovens and driers are commonly 
built of two thicknesses of insulating board (fireproof preferred), with air 
space between. As the temperature increases materials better able to 
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withstand the heat must be used. Metal lined ovens are easy to keep 
dean, and many high temperature driers up to 1000 F are made of metal 
panels with insulation between. Care should be taken to avoid through 
metal (metal extending through the oven from inside to out). Batch type 
ovens are entirely closed while in use and control of air leakage is easily 
taken care of. In the continuous drier where the ends are open, heat and 
air leakage becomes important. Warm air leaking out of the ends of 
ovens means a heat loss, and often the temperature and humidity outside 
the oven becomes unbearable. For this reason, inclined or bottom entry 
ovens are used, as the warm air leakage can be more easily controlled. 
See Figs. 5 and 6, 



HUMIDITY CHART FOR DRYING WORK 

In drying problems the chemical engineer uses different psychrometric 
values than those used by the heating, ventilating and air conditioning 
engineer. The humidity chart illustrated in Fig. 4 is based upon values 
determined from the following explanations: 

Humidity iH) is the number of pounds of water vapor carried by one 
pound of dry air. 

Percentage Humidity (% H) is the number of pounds of water vapor 
carried by one pound of dry air at a definite temperature, divided by the 
number of pounds of vapor that one pound of dry air would carry if it 
were completely saturated at the same temperature. 

Per Cent Relative Humidity ($) is the ratio of weight of water vapor 
contained in any given volume of air, to the weight of water vapor present 
in the same volume of saturated air, all values referring to the same 
temperature. 

To convert from one relation to the other, 

where 

ps = vapor pressure of water, inches mercury; at dry-bulb temperature, degrees 
Fahrenheit. 
p = ^pa. 

COMBUSTION 

Where products of combustion are used directly in the oven, a know- 
ledge of their formation and heat values is important. The properties of 
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Table 3. Drying Time and Conditions for Representative Materials^ 


Matekul 

Temperatoeb 
Deg F 

Per Cent 
Relative 
Humiditt 

Drying 

Time 

Apples - 

140-180 


6 Hrs 

Armatiir<^s Varnish..., 

200 


2.5 Hrs 

Food 34 in- Thirk- 

140 


4-6 Hrs 

Rj^rrels , . , 

300 


15 Min 

Beans . . 

140 


18 Hrs 

Beddirig 

150-190 


Blankets 

120 


40 Min 

Brake T.ining 

325 


12 Min 

Brick continuous. 

350 to 90 


24 Hrs 

Briquets 

1100 


108 Min 

Cabbage Raw - 

150 


4.5 Hrs 

CandieH Peel . 

165 


2 Hrs 

Casein 

180 


5 Hrs 

Cereals . . r 

110-150 


Cerarnios before firing 

150 

70 to 20 

24 Hrs 

Chirle 

95-100 


Coro-fibei" mat-s 

170-210 


10 Hrs 

Cnrnaniit 

150-200 


4-6 Hrs 

Coffee . 

160-180 


24 Hrs 

Conduit fFnamen . 

400 Max 


2 Hrs 

Cores, Oil sand for molding. 34" 

Black sand with goulic binder 
about 0 . 6 of time 

Cores, Crank case (in continuous over 
Cores, Radiator (in continuous ovens) 
Cornstalk Board 

— 1 in. thick 
f 3 in. thick 
8 in. thick 
^16 in. thick 

is) 

300 

480 

480 

700 

525-600 


30 Min 

2.5 Hrs 

4.5 Hrs 

10 Hrs 

2-3 Hrs 


275-450 


1.5 Hrs 


150 


2 Hrs 

Cotton TJntei"s .. . 

180 


Knamels synthetic 



Finish coat on autos 

225 


2 Hrs + 

Air Dry 

1 Hr 

Tre boves all metal (white) 

290-425 


Toe boxes wood inside (white) 

225 


3 Hrs 

Enamel not synthetic 


Fen re posts frreen 

200 


1 Hr 

Coif halls (white) 

90-95 

40-50 

18-36 Hrs 

Small parts (auto) black _ 

450 

1 Hr 

Steel furniture 

225-300 


30-350 Min 

License plateji.__, 

250 


1.5 Hrs 

Feathers 

150-180 


Films, Photographir . . 

85-110 


20-30 Min 

Fruits and Vegetables 

140 


2-6 Hrs 


110 


Gelatin 

110 



Glue bone, thin sheets on wire trays... 
Glue skin _ 

— 

70-90 

70-90 


6-9 Days 

2 Days 

4 Hrs 

Glue size on furniture. 

130 


Gut 

150 


Gypsum board in. thick -- , < 

f Start Wet 
( Finish 

350 

275 

350-190 


60 Min 

Gvosum block 


8-16 Hrs 

Hair felt 

180-200 


Hair goods 

150-190 


1 Hr 

Hanks on poles 

120 


2 Hrs 

Hats felt 

140-180 


Hides thin leather 

90 


2-4 Hrs 

Hides hea\ry. 

70-90 


4-6 Days 




•See references at end of chapter. 
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Table 3. Drying Tlme .and Conditions for Representative Materials'^ — Con. 


Mateeul j 

1 Per Crnt 
^ j Hcmiditt 

Drying 

Time 

Hops 

Ink printing 

120-180 ! 
70-300 ' 



Japan beds 

300 ! 


1 .5-2 Hrs 

Japan cash register. | 

Japan metal shelving j 

300-450 1 

200 j 


1 .5 Hrs 

30 Min 

Knitted fabrics • 

140-180 i 


Leather mulling... i 

78—95 j 

85 


Leather thick sole 

Leather uppers i 

Linoleum varnish i 

Lithographing on tin color work 1 

90 I 

80 

110-145 j 

70 

10-30 

4 Days 

2-3 Days 

6-10 Hrs 

18-25 Min 

Lithographing on tin Japan i 

350 


Lumber green hardwood j 

100-180 


3-180 Days 

2-14 Days 

24-48 Hrs 

Lumber green soft wood j 

Macaroni 1 

Matches __ _ _ ! 

160-220 

90-110 

140-180 


Matrix. 

350 


15 Min 

Milk and other liquid foods spray dried 

135-300 


Instantaneous 

Millboard sheets 

95 


10 Hrs 

Moulds green sand C.I. flasks (one/ 8 in. thick 

surface only exposed) \ 13 in. thick 

Motors, field coils 

600 

700 

180 


6 Hrs 

13 Hrs 

6 Hrs 

Motors, stators 

250 


6.5 Hrs 

Noodles,..-, - 

90-95 


Nuts 

75-140 


24 Hrs 

Oilcloth 

150 



Paint, wood wheels 

150 

35 

8-24 Hrs 

Paint, on sheet metal . 

135-140 

22-30 

2.5 Hrs 

Paper, machine dried _ 

180 


Paper, air dried _ 

90-200 



Paper wall, ground coat 

140 


3 Min 

Paper wall, varnished ^ 

140-160 

45 

15 Min 

Paper cardboard, spirit varnish 

150 

1-2 Min 

Peaches 

135 


26 Hrs 

Pears __ 

140 


24 Hrs 

Peas 

150 


6 Hrs 

Potatoes sliced 

85 


4 Hrs 

Potatoes steamed . __ 

170 


6.5 Hrs 

Prunes 

140 



Pags 

180 



Ramie fiber 

140 


10 Hrs 

Rice _ 

150 



Rock wool insulation 

300 


8 Hrs 

Rubber 

85-90 


6-12 Hrs 

Rubber reclaimed 

140-200 


1-2 Hrs 

Rugs . ._ 

190 


4-8 Hrs 

5^alt 

350 


Rotary Drier 

.9and loose 1 in. deep _ 

300 


10-15 Min 

Sausage casings . ._ _ . . . 

110 


5 Hrs 

Shade cloth _ 

240 


1-2 Hrs 

Shirts . 

120 


20 Min 

Soap , 

100-125 


12-72 Hrs 

Starch . 

180-200 


1-4 Hrs 

Stock feed mixed. 

180-220 


20-30 Min 

Storage battery plates _ _ 

100-110 

90 for 

24 Hrs 


250 

150-200 

Low for 

■ 6 Hrs 

20—30 Min 


I 




aSee references at end of chapter. 
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Table 3. Drying Time and Conditions for Representative Materials^ — Con. 


Matdrul 

TEMPERATXmE 

Deg F 

Per Cent 
Helativb 
Humidity 

Drying 

Time 

Tanin and other chemicals (spray dried) 

250-300 


Instantaneous 

Terra Cotta (air dr>ing in conditioned room) 

Tobacco leaves 

150-200 

85-130 


12-96 Hrs 

12 Hrs 

Tnhflrrn at-pms __ .. 

180-200 


12 Hrs 

Varnish refrigerator boxes,«. 

no 

35 

5-7 Hrs 

Varnish steering wheels - 

110-140 

25-35 

Overnight 

6-8 Hrs -{- 2 

Veneer ^"ply 

120-130 

35-40 

in. 5-olv— 

120-130 

35-40 

Hrs acclima- 
tion 

16-18 Hrs -f 4 
Hrs acclima- 
tion 

20-24 Hrs + 4 
Hrs acclima- 
tion 

in. 5-oIv— 

1 

120-130 

35-40 

Vitreous Rnqin#'! sheef-s before firing 

170 

Wgllbnprrf plywnnd . 

300 


15-20 Min 

fiber inanlflHng, roller type drier 

300-385 


2J^3 Hrs 
24-48 Hrs 

Wr^llb^^’i'd fiber in.einljitingj frnr.k type drier . 

300-385 


Wnlnnta 

100 


24 Hrs 

\Vb<®nt, r.orn, oats, rire, barley. . .. 

180 


\Vire rlotb Japj^n 

200 


20 Min 

Wool 

105 






aSee references at end of chapter. 


the common constituents of fuel are shown in Table 4. The heating values 
of oils are shown in Fig. 7. The sensible heat in Btu contained in the 
products of combustion of an average fuel oil and various gases is given 
in Fig. 8. The problem of securing complete combustion in a heater is 
important, in order to secure efficiency and the absence of soot formation, 
but unlike the ordinary power or heating boiler, excess air need not be 
maintained at a minimum in most cases. Excess air is generally admitted 
either in the heater or before the products go into the drier. 


DESIGN 

In all drying problems, data regarding temperatures, time, and hu- 
midity must be obtained by experiment or previous experience. Experi- 
ments are best performed at the temperatures, humidities, and velocities 
to be actually used in the full sized drier, and with full size samples. 

The following nomenclature and explanation of terms will be used in 
the discussion of drying calculations: 

H = humidity of air, pounds of water vapor per pound of dry air. 

G = pounds of dry air supplied to the drier per unit of time. 

5 = pounds of stock dried per unit of time in a continuous drier. 

5' = pounds of stock charged per batch to a discontinuous drier. 

© = time. 

Q = total heat supplied to the drier. 
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t — air temperature. 

= stock temperature. 

= average stock temperature over short time interval, in a batch drier. 

Av = wet-bulb temperature. 

5 ’ = specific heat of the stock. 

B — total radiation and conduction losses per unit time. 

w — pounds of water per pound of dry stock, 
r = heat of evaporation of water. 

5 — humid heat of air, i.e., heat necessary to raise 1 lb of dry air -|- lb of steam 
1 F. 

Subscript (1) designates conditions at the point w'here the material in question (air 
or stock) enters and (2) where it leaves the drier. 

Air driers may be divided into two classes, those in which all moisture 
evaporated from the stock leaves the drier as vapor in the effluent air, and 
those in which part or all of the moisture is condensed from the air in the 
drying equipment itself. In any continuously operating drier of the first 
type the relation between moisture content of the stock and quantity of 
air required for the drying operation is given by the equation: 

G {El - El) = S{wi - wi) (2) 


Table 4. Gas Combustion Constants® 




ei 

Cu Ft 

Hbat of 
Combustion 

Lbs pxe Lb or Combwtiblb 

ii 

h 

raaliB 

Btu per Lb 

Required for Combustion | 

Flue Products 


S 5 

O H 


Gross 

Net 

Ot 

Ns 

Air 

COs 

HsO 

Ns 

Carbon 

c 

12.000 


14.140 

14,140 

2.667 

8.873 

11.540 

3.667 


S.S< 0 




Hydrogen 


2.015 

187.723 

61,100 

51,643 

7 939 

26.414 

34.353 


8.939 

26.414 


Oxygen 

Oi 

32.000 

! 11.819 

||||||■’ 

IjHIlH 

HIIHIIHI 

■IIIIIIH 

miiiii 

mmm 











Nitrogen 

Ni 

28.016 

13.443 













i 




Carbon 

Monoxide 

CO 

28.000 

13.506 

4,369 

4,369 

0.571 

1.900 

2.471 

, 1.571 


1.900 


Carbon 

Dioxide 

COi 

44.000 

1 

8,548 


■I 

mu 







pmuBi 


■■■■■ 

■■HM 

■■■■1 


Hiiiiilil 

Methane 







13.282 

17.274 

2.745 

2.248 


Ethane 

CiHq 

30.046 

12.455 

1 

22,215 

20,312 

3.728 

12.404 

16.132 

2.929 

1.799 


Propane 


44.062 

8 365 

21,564 

19,834 

3.631 


15.712 

2.996 

1.635 

12.0S1 

Sulphur 

Dioxide 

SOi 

64.060 


■ 

■1 

mM 








■BBI 






Water Vapor 

HiO 

18.015 

21.017 

















Air 


28.900 

13.063 




















.All gas volumes corrected to 60 F and 30 in. mercury barometric pressure dry. 
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In discontinuous driers, e.g., compartment driers, the drying operation 
is given by the equation ; 

G (H, - m) = ^' || (2a> 

In the continuous drier, the heat consumption per unit time is: 

= Gsiitz — ^i) + Oir2 + ^2 “• (-02 "" Hi) + 5(^'2 ■" ^^) (s' + Wi) + B (3) 

Equation 3 assumes continuity of operation. For charge or batch 
operations, the total time of the drying cycle may be broken up into a 
number of periods, sufficiently short so that over each period average 



120^1 




SPEQFIC GRAVITY 


30 3S 40 : 

DEGREES BAUME' (API) 


60 65 70 


Fig. 7. Heating Values of Fuel Oil, Btu Gross 


values of I, and H may be employed provided the third term of the 
right hand member of the equation is modified to read : 

5' (/"i - i»i) (s' - Wi) 

and in the second term be replaced by 

2 

Theoretically these periods should be very short and the equation 
integrated. Practically the error introduced by using a small number of 
long periods and employing average values of the variables over each, 
rarely introduces serious error. The evaluation of Equation 2a may be 
approximated in a similar manner. 

The first term of the right hand member of Equation 3 represents heat 
lost as sensible heat in the effluent air. In many drying operations this 
becomes excessive. Each pound of air supplied should remove the maxi- 
mum amount of moisture. This is best accomplished by bringing the air 
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into contact with the stock with sufficient intimacy so that the air leaving 
the drier is saturated, or nearly so. Counter-current as against parallel 
flow of air and stock gives rise to optimum operating conditions, resulting 
in a minimum quantity of air required (G), and a corresponding minimum 
loss, as sensible heat, in the exit air. Similarly, continuous operation is 
superior to intermittent operation. 

Despite the fact that the sensible heat loss increases with the rise 
in temperature of the air, the percentage of heat lost from this source 
decreases, provided the increase in moisture carrying capacity of the air, 

TEMPERATURE. DEG FAHR 



due to high temperature, is actually utilized. To secure maximum 
thermal efficiency in drying, a high drying temperature and high satura- 
tion of the outlet air is imperative. 

Ventilation Phase 

The technique of attack of the ventilation phase of a drying problem is 
best made clear by an illustration. Assume that a material containing 
40 per cent moisture is to be dried until this quantity of moisture is 
reduced to 5 per cent by weight. The material will stand an air tempera- 
ture of 150 F and it is possible to provide sufficiently good contact 
between the material and the drying air so that the effluent air can be 
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brought up to 60 per cent humidity at 150 F. The drier is to use room 
air, the temperature and humidity of which may be assumed to average 
70 F and 50 per cent. A counter-current drier will be employed and the 
air in this drier will be kept at a substantially constant temperature of 
150 F by heaters thermostatically controlled. The stock enters at 70 F, 
rises quickly to the wet-bulb temperature of the air, with which it is in 


0.008 Hi 


W2*0.0527 



HfO.0234, 


W2-0.6687 


W-POUNDS OF WATER PER POUND DRY STOCK 
Fig. 9. Temperature Humidity Relations in a Drier 
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Fig. 10, Core Drying Time Temperature Relations 


Vent 33j per cent at 422 F 

y Recirculation 66f per cent 
f at422F«Ylb 


Oven 


825 F 


t> 


ij 


15 lb product of perfect 
combustion per pound fuel 


air for combustion 
X lb at 70 F 

Fig. 11. Core Drying Diagram of Combustion Products and Air 


contact, and is found experimentally to maintain wet-bulb temperature 
until the moisture content has fallen to 20 per cent. From this point its 
temperature rises progressively as it dries. In this range the difference in 
temperature between stock and air, divided by the wet-bulb depression, 
may be assumed proportional to the moisture content. 

The moisture content of the entering stock, in the units here employed, 
is: 

w = 40 per cent water _ ^ 000*7'. ^ _ 5 per cent water 

60 per cent dry stock ’ ' 95 per cent dry stock 
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, A ^ = 0.614 ib water evaporated per pound of dry stock. Since the air 
leaving the drier is 50 per cent saturated at 150 F from Fig. 4, Hz = 0.105. Similarly, 
Hi ~ O.OOS, corresponding to 50 per cent humidity at 70 F. Consequently Hz — Hi ^ 
A H = 0.097 lb water evaporated per pound dry air. 

Inspection of Equation 2 shows that (i?) is linear in Hence, one 
can construct on Fig, 9, the line marked (i?) being drawn connecting the 
initial and final points just computed. 

Since the air leaving the drier has a temperature of 150 F and a 
humidity of 0.105, Fig. 4 shows that its wet-bulb temperature is 129 F. 
This is plotted at the right hand side of Fig, 9. Since the stock maintains 
a wet-bulb temperature down to 20 per cent moisture, where w = 0.25, 
the corresponding humidity can be computed by the use of Equation 2 
or by reading directly from the diagram, the value being 0.0392. Fig. 4 
shows that the corresponding wet-bulb temperature is 105 F. Any 
intermediate point on the wet-bulb temperature curve can be calculated 
similarly. The points for w = 0.5 are shown in Fig. 9. 

Below the point, w = 0.25, the temperature of the stock begins to rise 
appreciably above the wet-bulb temperature. Its temperature at any 
given point in this range, for example a.tw — 0.15, may be computed as 
follows: At this point, H = 0.0234 (from Equation 2) and from Fig. 4, 
Ay == 95 F. Hence the wet-bulb depression, t — tv, = 150 — 95 = 56 F. 
The assumption made regarding the relation between stock temperature 
and moisture content in this range may be formulated : 

A 

t - t:v 0.25 

At the point = 0.15, A/’ = 33 F, = 117 F, The temperature of the 
stock leaving the drier, similarly computed, is 136 F. 

Fig. 9 thus computed gives in graphical form the information as to the 
temperature humidity relationships in the drier. The air requirements 
can be computed by Equation 2. Thus, per 100 lb of dry stock, it is 
necessary to supply 633 lb of dry air. Furthermore, since from Fig. 4 
it is seen that the volume of 50 per cent saturated air at 70 F, is 13.55 cu ft 
per pound; 8580 cu ft of room air must be supplied per 100 lb dry stock. 
Similarly, since the volume of 50 per cent saturated air at 150 F is 18.0 
cu ft per pound, the volume of hot wet air discharged from the drier is 
11,400 cu ft per 100 lb of dry stock. Finally, the heat necessary to supply 
to the drier, as a whole, or to any section of it, may be computed from 
Equation 3. 

High Temperature Drier 

In the design of a high temperature drier unit a method of approach 
to the necessary calculations involved is outlined as follows: 

Example 1, Cores 4 and 5 in. thick are to be dried by heating to a temperature at 
400 F. An intermittent type box oven is to be used, size 12 x 14 x 10 ft with 856 sq ft 
surface having an average heat transfer of 0.3 Btu per square foot per degree per hour. 
Dr 3 dng time as determined by test is 2 hr (Fig. 10). Cores weighing 6 tons, and 15-ton 
steel plates, trucks etc. are delivered to the drier at 70 F. The oven is heated by an 
external heater; the products of combustion and 66% per cent recirculated air will be 
delivered to the oven at 825 F. Fuel oil of 19,980 Btu gross and 18,830 Btu per pound 
net heating value, weighing 6.75 lb per gallon and having 15 lb product per pound fuel 
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for perfect combustion. Cores consist of 91 per cent sand, 3 per cent oil binder, and 
6 per cent water. 

Solution. Heat required per ton of cores: 


Lb Material X Temp. Rise X Sp. Ht. = Btu 

Sand 0.91 X 2,000 X (400 - 70) X 0.2 = 120,120 

Binder... 0.03 X 2,000 X (400 - 70) X 0.4 == 7,920 

Water heating 0.06 X 2,000 X (212 - 70) X 1.0 = 17,040 

Water evaporation 0.06 X 2,000 X 970 (Fig. 4) = 116,520 


Water superheating (approx. 50 per cent reaches 575 F) 

= 0.5 X 0.06 X 2,000 X (575 - 212) X 0.45 = 9,800 


Total Heat. 


271,400 Btu 


Heating Load First Hour 



1 Heated to 

Btu 

Sand.. 

Bindf^ra 

212 F 

212 F 

III X 120,120 = 51,688 

149 

^ X 7,920 = 3,408 

= 17,040 

0.667 X 116,520 = 77,680 

0.667 X 9,800 = 6,530 

W^ater. 

Evaporation 

Superheat 

212 F 

66.7% 

66.7% 

Total Per Ton 


156,346 

For 6 ton 

Steel plates 

390 F 

6 X 156,346 = 938,076 

320 X 30,000 X 0.12 = 1.152,000 

Radiation^ 

422 F Avg 

352 X 856 X 0.30 = 90,394 

Total-. 


2,180,470 


Heating Load Second Hour 


Sand 

400 F 

^ X 120,120 


68,432 

Binder^ 


400 F 

330 

II X 7,920 


4,512 

Water. 






Evaporation 


33.3% 

0-333 X 116,520 

= 

38.840 

Superheat 


33.3% 

0.333 X 9,800 


3.270 

Total Per Ton 





. 115,054 






For 6 ton 



6 X 115,054 


690,324 

Steel plates 


460 1 

1 70 X 30,000 X 0.12 


252,000 

Radiation^* 


575 ■ 

' 505 X 856 X 0.30 

= 

129,684 


Total. 


1,072,008 


“Binder oxidizes and liberates heat, which is neglected in this calculation. 

hAverage value of coefficient is less than 0.3 because oven is not up to 575 F. This is neglected. 422 F 
is arrived at by taking area under curve as compared to area under 575 F ordinate. 
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Heat in 1 lb fuel oil = IS,S30 Btu 

Heater Loss (10 per cent) = 1SS3 

Duct Loss (5 per cent) - 942 2,825 Btu 

16.005 Btu available to heat oven. 
Heat content of gases in 1 lb fuel oil at 825 F is 205 Btu (Fig. S) 

15 lb X 205 = 3,075 Btu sensible heat in products 

of perfect combustion. 

12,930 Btu to heat air X and Y 
(Fig. 11). 

Y (‘S'826 “ ‘S’422) -}■ X (5826 “ 570) = 12,930 (4) 

F = 2 (Z + 15) for 66.7 per cent recirculation 

vjhere 

S = heat content of air at temperature noted tal:en from Fig. 8. 

(Recirculation and exhaust contains water vapor, products of combustion, and a 
greater portion of air. Heat capacities of all vary so little that they have all been 
assumed to be air). 

5826 — 5^22 “ 190 — 91 =99 

5825 — 570 = 190 — 8.6 = 181.4 

Substituting values of F, U, etc. in Equation 4, 

{2X + 30) 99 4- 181,4 X = 12,930 

X = 26.3 lb excess air. 

F = 82.6 lb recirculating air. 

Total = 26.3 + 82.6 -f* 15 = 123.9 Ib air and products of combustion circulated per 
pound fuel burned. 

Heat in air exhausted from oven at 422 F per pound fuel burned = 0.333 X 123.9 
X (5422 - 570) - 41.3 (91 - 8.6) = 3,400 Btu. 

Btu available for heating material = 16,005 — 3,400 = 12,605 Btu per pound fuel. 

Fuel used in first hour = 2,180,470 12,605 = 173 lb = 25.6 gal. 

During the second hour the heater capacity will be much greater than required. If 
an automatic oven temperature control operates on the oil supply, the delivery teni- 
perature of the air entering the oven and the quantity of oil burned will decrease, the air 
supply being constant. 

Heat in air exhausted = 41.3 (5575 — 57o) = 41.3 (127 — 8.6) = 4,880 Btu per pound 
fuel. 

Heat available for heating material = 16,005 — 4,880 = 11,125 Btu. 

Fuel used in second hour = 1,072,008 ^ 11,125 = 96.5 lb oil = 14.3 gal. 

Total oil used per load = 25.6 + 14.3 = 39.9 gal. 

ESTIMATING METHODS 

Values based on practical experience are available for rough estimating 
of drying problems. The temperature will drop approximately 8.5 F per 
grain of water evaporated per cubic foot of air (measured at 70 F) or 
approximately 0.62 F per pound of air at any temperature. ^ Air will drop 
55 F per cubic foot for each Btu extracted. Generally air will absorb 
from 2 grains to 5 grains per cubic foot of air in one passage through an 
air drier, depending on the temperature and the degree of contact with 
the material. The amount of steam required to evaporate a pound of 
water will vary from 1.5 lb to a more usual figure of from 2.5 to 3 lb of 
steam per pound of water evaporated. 
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Chapter 42 


NATURAL VENTILATION 


Wind Forces, Stack Effect, Openings, Windoncs, Doors, 
Skylights, Roof Ventilators, Stacks, Principles of Control, 

General Rules, Measurements, Dairy Barn Ventilation, 

Garage Ventilation 

V ENTILATION by natural forces, finds application in industrial 
plants, public buildings, schools, dwellings, garages, and in farm 
buildings. 

The natural forces available for moving air into, through and out of 
buildings are: (a) wind forces, and {h) the difference in temperature 
between the air inside and outside a building. The air movement may 
be caused by either of these forces acting alone or by a combination of the 
two, depending upon atmospheric conditions, building design and loca- 
tion. The ventilating results obtained will vary, from time to time, due 
to variation in the velocity and direction of the wind and the heat gener- 
ated in the building. The arrangement, location, and control of the 
ventilating openings should be such that the two forces act cooperatively 
rather than in opposition. 


WIND FORCES 

In considering the use of natural wind forces for producing ventilation, 
account must be taken of: (1) average wind velocity, (2) prevailing wind 
direction, (3) seasonal and daily variations in velocity and direction, and 
(4) local wind interference by nearby buildings, hills or other obstructions 
of similar nature. 

Values are given in Table 1, Chapter 7 for the average summer wind 
velocities and the prevailing wind directions in various localities through- 
out the United States, while Table 2, Chapter 6, lists similar values for 
the winter. In almost all localities the summer wind velocities are lower 
than those in the winter, and in about two-thirds of the localities the 
prevailing direction is different during the summer and winter. While the 
tables give no average velocities below 5 mph, there will be times when 
the velocity is lower, even in localities where the seasonal average is con- 
siderably above 5 mph. There are relatively few places where the velocity 
falls below one half of the average for many hours per month. Con- 
sequently, if the natural ventilating system is designed for wind velocities 
of one-half of the average seasonal velocity, it should prove satisfactory in 
almost every case. 
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Equation 1 may be used for calculating the quantity of air forced 
through ventilation openings by the wind, or for determining the proper 
size of such openings to produce given results : 

EAV (1) 

where 

Q = air flow, cubic feet per minute, 

A = free area of inlet openings, square feet. 

V = wind velocity, feet per minute, = miles per hour X 88. 

E — effectiveness of openings. (E should be taken at 0.50 to 0.60 for perpendicular 
winds and 0,25 to 0.35 for diagonal winds^.) 

The accuracy of the results obtained by the use of Equation 1 depends 
upon the placing of the openings, as the formula assumes that ventilating 
openings have a flow coefficient slightly greater than that of a square- 
edged orifice. If the openings are not advantageously placed with respect 
to the wind, the flow per unit area of the openings will be less and, if 
unusually well placed, the flow will be slightly more than that given by 
the formula. Inlets should be placed to face directly into the prevailing 
wind, while outlets should be placed in one of the following five places: 

1. On the side of the building directly opposite the direction of the prevailing wind. 

2. On the roof in the low pressure area caused by the jump of the wind (see Fig. 1). 

3. On the sides adjacent to the windward face where low pressure areas occur. 

4. In a monitor on the side opposite from the wind. 

5. In roof ventilators or stacks. 

TEMPERATURE DIFFERENCE FORCES^ 

The stack effect produced within a building when the outdoor tem- 
perature is lower is due to the difference in weight of the warm column 
of air within the building and the cooler air outside. The flow due to 
stack effect is proportional to the square root of the draft head, or 
approximately: 

Q = 9.4 ^ y H (i - fo) (2) 

where 

Q = air flow, cubic feet per minute. 

A =■ free area of inlets or outlets (assumed equal), square feet. 

H — height from inlets to outlets, feet. 

t = average temperature of indoor air in height iT, degrees Fahrenheit. 

to = temperature of outdoor air, degrees Fahrenheit. 

9.4 — consent of proportionality, including a value of 65 per cent for effectiveness of 
openings. This should be reduced to 50 per cent (constant = 7.2) if conditions 
are not favorable. 


HEAT REMOVAL 

In problems of heat removal, knowing the amount of heat to be re- 
moved and having selected a desirable temperature difference, tihe amount 


^Predetermining Airation of Industrial Buildings, by W. C. Randall and E. W. Conover (A.S.H.V.E. 
Transactions, Vol. 37, 1931, p. 605). 

^Neutral Zone in Ventilation, by J. E. Emswiler (A.S.H.V.E. Transactions, Vol. 32, 1926, p. 59). 
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of air to be passed through the building per minute to maintain this tem- 
perature difference can be determined by means of Equation 3. 

H = 0.0175 0 (/ - to) (3) 

where 

H = heat removed, Btu per minute. 

Q ~ air flow, cubic feet per minute. 

^ ~^o = inside-outside temperature difference, degrees Fahrenheit. 




Fig. 1, The Jump of Wind from Windward Face of Building. { A — Length of 
Suction Area; B — Point of Maximum Intensity of Suction; 

C— Point of Maximum Pressure) 

EFFECT OF UNEQUAL OPENINGS 

The largest flow per unit area of openings is obtained when inlets and 
outlets are equal, and the equations given previously are based on this 
condition. Increasing outlets over inlets, or vice-versa, will increase the 
air flow, but not in proportion to the added area. When solving problems 
having an unequal distribution of openings, use the smaller area, either 
inlet or outlet, in the equations and add the increase as determined from 
Fig. 2. 
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COMBINED FORCES OF WIND AND TEMPERATURE 

Equations for determining the air flow due to temperature difference 
and wind have already been given. It must be remembered that when 
both forces are acting together, even without interference, the resulting 
air flow is not equal to the sum of the two estimated quantities. The 
flow through any opening is proportional to the square root of the sum 
of the forces acting on that opening. 

When the two forces are about equal in intensity and the ventilating 
openings are operated so as to coordinate them, the total air flow through 
the building is about 10 per cent greater than that produced by either 
force acting independently under conditions ideal to that force. This 



Fig. 2. Increase in Flow Caused by Excess of One Opening Over Another 


percentage decreases rapidly as one force increases over the other and the 
larger force will predominate. 

The wind velocity and direction, the outdoor temperature, or the 
indoor distribution, cannot be predicted with certainty, and refinement 
in calculations is not justified; consequently, a simplified method can be 
used. This may be done by using the equations and calculating the flows 
produced by each force separately under conditions of openings best 
suited for coordination of the forces. Then by determining as a per- 
centage, the ratio of the flow produced by temperature difference to the 
sum of the two flows, the actual flow due to the combined forces can be 
approximated from Fig. 3. 

Example 1, Assume a drop forge shop, 200 ft long, 100 ft wide, and 30 ft high. The 
cubical content is 600,000 cu ft, and the height of the air outlet over that of the inlet is 
30 ft. Oil fuel of 18,000 Btu per pound is used in this shop at the rate of 15 gal per hour 
(7.75 lb per gal). Desired summer temperature difference is 10 F and the prevailing 
wind is 8 mph perpendicular to the long dimension. What is the necessary area for the 
inlets and outlets, and what is the rate of air flow through the building? 
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Solution for Temperature Difference Only. 
34, 875 Btu per minute. 


The heat II = 


15 X 7.75 X 18,000 
60 


By Equation 3, the air flow required to remove this heat with an average temperature 
difference of 10 F is: 


Q = 


H 34,875 

0,0175 (t - ^o) 0.0175 X 10 


199,286 cfm. 


This is equal to about 20 air changes per hour. From Equation 2 the inlet (or outlet) 
opening area should be: 


A = 


Q 

9.4 -^H (t - to ) 


199,286 
9.4 y30 X 10 


1224 sq ft. 



Fig. 3. Determination of Flow Caused by Combined Forces of Wind 
AND Temperature Difference 

The flow per square foot of inlet or outlet would be 199,286 1224 = 163 cfm with all 

windows open. 

Solution for Wind Only. With 1,224 sq ft of inlet openings distributed around the 
sidewalls, there would be about 410 sq ft in each long side and 202 sq ft in each end. 
The outlet area will be equally distributed on the two sides of the monitor, or 612 sq ft 
on each side. With the wind perpendicular to the long side, there will be 410 s^ ft of 
opening in its path for inflow and 612 in the lee side of the monitor for outflow with the 
windward side closed. The air flow, as calculated by Equation 1, will be: 

Q = 0.60 X 410 X 704 = 173,200 cfm. 

This gives 17.3 air changes per hour, which should be more than ample when there is 
no heat to be removed. 

Solution for Combined Forces. Since the windward side of the monitor is closed when 
the wind is blowing, the flow due to temperature difference must be calculated for this 
condition, using Fig, 2. This chart shows that when inlets are twice the size of the 
outlets, in this case 1,224 sq ft in the sidewalls and 612 sq ft in the monitor, the flow will 
be increased 26.5 per cent over that produced by equal openings. Using the smaller 
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opening and the flow per square foot obtained previously, the calculated amount for this 
condition will be: 

612 X 163 X 1.265 = 126,200 cfm. 

Adding the two computed flows: 

Temperature Difference = 126,200 == 42 per cent. 

Wind = 173,200 = 58 per cent. 

Total 299,400 = 100 per cent. 

From Fig. 3, it is determined that when the flow, due to temperature difference, is 
42 per cent of the total, the actual flow, due to the combined forces, will be about 1.6 
times that calculated for temperature difference alone, or 201,920 cfm. 

The original flow, due to temperature difference alone, was 199,286 cfm with all 
openings in use. The effect of the wind is to increase this to 201,920 cfm even though 
half of the outlets are closed. 

A factor of judgment is necessary in the location of the openings in a 
building, especially those in the roof, where heat, smoke and fumes are 
to be removed. Usually windward monitor openings should be closed, 
but if the wind is low enough for the temperature head to overcome it, 
all windows may be opened. 

TYPES OF OPENINGS 

Types of openings may be classified as: (1) windows, doors, monitor 
openings and skylights, (2) roof ventilators, (3) stacks connecting to 
registers, and (4) specially designed inlet or outlet openings. 

Windows, Doors and Skylights 

Windows have the advantage of transmitting light, as well as pro\dding 
ventilating area when open. Their movable parts are arranged to open 
in various ways; they may open by sliding either vertically or hori- 
zontally, by tilting on horizontal pivots at or near the center, or by 
swinging on pivots at the top, bottom or side. Regardless of their design, 
the air flow per square foot of opening will be the same under the same 
conditions. The type of pivoting should receive consideration from the 
standpoint of weather protection, and certain types may be advantageous 
in controlling the distribution of incoming air. Deflectors are sometimes 
used for the same purpose, and these devices should be considered a part 
of the ventilation system. 

Roof Ventilators 

The function of a roof ventilator is to provide a storm and weather 
proof air outlet. These are actuated by the same forces of wind and 
temperature head, which create flow through other types of openings. 
The capacity of a ventilator depends upon four things: (1) its location 
on the roof, (2) the resistance it and the duct work offers to air flow, (3) 
the height of draft, and (4) the efficiency of the ventilator in utilizing the 
kinetic energy of the wind for inducing flow by centrifugal or ejector 
action. 

' For maximum flow induction, a ventilator should be located on that 
part of the roof where it will receive the full wind without interference. 
If ventilators are installed within the suction region created by the wind 
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passing over the building, or in a light court, or on a low building between 
two high buildings, their performance will be the same there as for any 
other type of opening of the same area. Their normal ejector action, if 
any, will be of no value in such a location. 

The base of the ventilator should be of a taper-cone design to produce 
the effect of a bell-mouth nozzle whose coefficient of flow is considerably 
higher than that of a square-entrance orifice. If a grille is provided at 
the base, additional resistance is introduced, and it should be increased 
in size accordingly. 

Air inlet openings located at lower levels in the building should be at 
least equal to, and preferably larger than the combined throat areas of 
all roof ventilators. The air discharged by a roof ventilator depends on 
wind velocity and temperature difference, and, in general, their per- 
formance will be the same as any monitor opening located in the same 
place, but due to the four capacity factors already mentioned, no simple 
formula can be devised for expressing ventilator capacity. 

Roof ventilators may be classified as stationary, pivoting or oscillating, 
and rotating. Generally, these have a round throat, but the continuous- 
ridge ventilator, or so-called heat valve, would fall in the stationary 
classification. When selecting roof ventilators, some attention should be 
given to ruggedness of construction, storm proofing features, dampers 
and damper operating mechanisms, possibility of noise, original cost and 
maintenance. 

Natural ventilation units may be used to supplement power-driven 
supply fans, and imder favorable weather conditions it may be possible 
to stop the power-driven units. 

Controls 

Gravity ventilators may have dampers controlled by (1) hand, (2) 
thermostat, and (3) wind velocity, in combination with a fan. The 
thermostat station may be located an 5 rw’here in the building, or it may be 
located within the ventilator itself. The purpose of wind velocity control 
is to obtain a definite volume of exhaust regardless of the natural forces, 
the fan motor being energized when the natural exhaust capacity falls 
below a certain minimum, and again shut off when the wind velocity rises 
to the point where this minimum volume can be supplied by natural 
forces. 

Stacks 

Stacks or vertical flues are really chimneys and utilize both the in- 
ductive effect of the wind and the force of temperature difference. Like 
the roof ventilator, the stack outlet should be located so that the wind 
may act upon it from any direction. With little or no wind, chimney 
effect depends on temperature difference to produce a removal of air from 
the rooms where the inlet openings are located. 

GENERAL RULES 

A few of the important requirements in addition to those already 
outlined are: 

1. Inlet openings in the building should be well distributed, and should be located on 

767 



HEATING VENTILATING AIR CONDITIONING GUIDE 1942 


the windward side near the bottom, while outlet openings are located on the leeward side 
near the top. Outside air will then be supplied to the zone to be ventilated. 

2. Inlet openings should not be obstructed by buildings, trees, sign boards, etc., 
outside nor by partitions inside. 

3. Greatest flow per square foot of total opening is obtained by using inlet and outlet 
openings of nearly equal areas. 

4. In the design of window ventilated buildings, where the direction of the wind is 
quite constant and dependable, the orientation of the building together with amount 
and grouping of ventilation openings can be readily arranged to take full advantage of 
the force of the wind. Where the wind’s direction is quite variable, the openings should 
be arranged in sidewalls and monitors so that, as far as possible, there will be approxi- 
mately equal areas on all sides. Thus, no matter what the wind’s direction, there will 
always be some openings directh’ exposed to the pressure force and others to a suction 
force, and effective movement through the building will be assured. 

5. Direct short circuits between openings on two sides at a high level may clear the 
air at that level without producing any appreciable ventilation at the level of occupancy. 

6. In order that temperature difference may produce a motive force, there must be 
vertical distance between openings. That is, if there are a number of openings available 
in a building, but all are at the same level, there will be no motive head produced by 
temperature difference, no matter how great that difference might be. 

7. In order that the force of temperature difference may operate to maximum ad- 
vantage, the vertical distance betw^een inlet and outlet openings should be as great as 
possible. Openings in the vicinity of the neutral zone are less effective for ventilation. 

8. In the use of monitors, windows on the windward side should usually be kept 
closed, since, if they are open, the inflow tendency of the wind counteracts the outflow 
tendency of temperature difference. Openings on the leeward side of the monitor result 
in cooperation of wind and temperature difference. 

9. In an industrial building where furnaces that give off heat and fumes are to be 
installed, it is better to locate them in the end of the building exposed to the prevailing 
wind. The strong suction effect of the wind at the roof near the windward end will then 
cooperate with temperature difference, to provide for the most active and satisfactory 
removal of the heat and gas laden air. 

10. In case it is impossible to locate furnaces in the windward end, that part of the 
building in which they are to be located should be built higher than the rest, so that the 
wind, in splashing therefrom will create a suction. The additional height also increases 
the^effect of temperature difference to cooperate with the wind. 

11. The intensity of suction or the vacuum produced by the jump of the wind is 
greatest just back of the building face. The area of suction does not vary with the wind 
velocity, but the flow due to suction is directly proportional to wind velocity. 

12. Openings much larger than the calculated areas are sometimes desirable, especially 
when changes in occupancy are possible, or to provide for extremely hot days. In the 
former case, free openings should be located at the level of occupancy for psychological 
reaspns. 

13. In single story industrial buildings, particularly those covering large areas, natural 
ventilation must be accomplished by tafeng air in and out of the roof openings. Openings 
in the pressure- zones can be used for inflow and openings in the suction zone, or openings 
in zones of less pressure, can be used for outflow. The ventilation is accomplished by the 
manipulation of openings to get air flow through the zones to be ventilated. 

DAIRY BARN VENTILATION ^ 

A successful bam ventilating system is one which continuously supplies 
the proper amount of air required by the stock, with proper distribution 
and without drafts, and one which removes the excessive heat, moisture, 


’Dairy Barn Ventilation, by F. L. Fairbanks (A.S.H.V.E. Transactions, Vol. 34, 1928, p. 181). Cow 
Bam Ventilation, by Alfred J Offner (A.S.H.V.E. Transactions, Vol. 39, 1933, p. 149). For additional 
information on this subject refer to Technical BvUetin, U. S. Department of Agriculture 0930), by M. A. 
R. Kelley. 
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and odors, and maintains the air at a proper temperature, relative 
humidity, and degree of cleanliness. 

^ Barn temperature below freezing and above 80 F affect milk produc- 
tion. Milk producing stock should be kept in a barn temperature be- 
tween 45 and 50 F. Dry stock, at reduced feeding, may be kept in a bam 
5 to 10 deg higher. Calf barns are generally kept at 60 F, while hospital 
and maternity barns usually have a temperature of 60 F or somewhat 
higher. 

The heat produced by a cow of an average weight of 1000 lb may be 
taken as 3000 Btu per hour. The average rate of moisture production by 
a cow giving 20 lb of milk per day is 16 lb of water per day, or 4375 grains 
per hour. ^ To set a standard of permissible relative humidity for cow 
barns is difficult. For 45 F an average relative humidity of 80 per cent 
is satisfactory, with 85 per cent as a limit. 

Where the bam volume is within the limit that can be heated by the 
stabled animals, the air supply need not be heated. The air should be 
supplied through or near the ceiling. It is better to have the exhaust 
openings near the floor as larger volumes of warm air are then held in the 
barn and there is better temperature control with less likelihood of sudden 
change in barn temperature. 

If a cow weighs 1000 lb and produces 3000 Btu of heat per hour, and if 
a barn for the cow has 600 cu ft of air space with 130 sq ft of building 
exposure, one cow will require 2600 to 3550 cu ft per hour of ventilation, 
depending on the temperature zone in which the barn is located. The 
permissible heat losses through the structure, based on one cow and de- 
pending on the temperature zone, vary between 0.043 and 0.066 Btu per 
hour per cubic foot of barn space, and 0.197 to 0.305 Btu per hour per 
square foot of barn exposure. 

GARAGE VENTILATION 

On account of the hazards resulting from carbon monoxide and other 
physiologically harmful or combustible gases or vapors in garages, the 
importance of proper ventilation of these buildings cannot be over- 
emphasized. During the warm months of the year, garages are usually 
ventilated adequately because the doors and windows are kept open. As 
cold weather sets in, more and more of the ventilation openings are closed 
and consequently on extremely cold days the carbon monoxide concentra- 
tion runs high. 

Many garages can be satisfactorily ventilated by natural means par- 
ticularly during the mild weather when doors and windows can be kept 
open. However, the A.S.H.V.E. Code for Heating and Ventilating 
Garages, adopted in 1929 and revised in 1935, states that natural venti- 
lation may be employed for the ventilation of stor^e sections where it is 
practical to maintain open windows or other openings at all times. The 
code specifies that such openings shall be distributed as uniformly as pos- 
sible in at least two outside walls, and that the total area of such openings 
shall be equivalent to at least 5 per cent of the floor area. The code 
further states that where it is impractical to operate such a system of 
natural ventilation, a mechanical system shall be used which shall 
provide for either the supply of 1 cu ft of air per minute from out-of-doors 
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for each square foot of floor area, or for removing the same amount and 
discharging it to the outside as a means of flushing the garage.^ 

Research 

Research on garage ventilation undertaken by the A.S.H.V.E. Com- 
mittee on Research at Washington University, St. Louis, Mo., and at the 
University of Kansas, Lawrence, Kans., in cooperation with the A.S.H. 
V.E. Research Laboratory, and at the A.S.H.V.E. Research Laboratory 
has resulted in authoritative papers on the subject. 

Some of the conclusions from work at the Laboratory are listed in the 
following statements: 

1. Upward ventilation results in a lower concentration of carbon monoxide at the 
breathing line and a lower temperature above the breathing line than does downward 
ventilation, for the same rate of carbon monoxide production, air change and the same 
temperature at the 30-in. level. 

2. A lower rate of air change and a smaller heating load are required with upward 
than with downward ventilation. 

3. In the average case upward ventilation results in a lower concentration of carbon 
monoxide in the occupied portion of a garage than is had with complete mixing of the 
exhaust gases and the air supplied. However, the variations in concentration from 
point to point, together with the possible failure of the advantages of upward ventilation 
to accrue, suggest the basing of garage ventilation on complete mixing and an air change 
sufficient to dilute the exhaust gases to the allowable concentration of carbon monoxide. 

4. The rate of carbon monoxide production by an idling car is shown to vary from 
25 to 50 cu ft per hour, with an average rate of 35 cu ft per hour. 

5. An air change of 350,000 cu ft per hour per idling car is required to keep the carbon 
monoxide concentration down to one part in 10,000 parts of air. 


*Code for Heating and Ventilating Garages (A.S.H.V.E. Transactions, Vol. 36, 1929, p. 355), (A.S. 
H.V.E. Reprint, January, 1935). 

Airation Study of Garages by W. C. Randall and L, W. Leonhard (A.S.H.V.E. Transactions, Vol. 36, 
1930, p. 233). 

A.S.H.V.E. Research Report No. 874 — Carbon Monoxide Concentration in Garages, by A.S. Langs- 
dorf and R. R. Tucker (A.S.H.V.E. Transactions, Vol. 36, 1930, p. 511). 

A S.H.V.E. Research Report No. 935 — Carbon Monoxide Distribution in Relation to the Ventilation 
of an Underground Ramp Garage, by F. C. Houghten and Paul McDermott (A.S.H.V.E. Transactions. 
Vol. 38, 1932, p. 439). 

A.S.H.V.E. Research Report No. 934 — Carbon Monoxide Distribution in Relation to the Ventilation 
of a One- Floor Garage, by F. C. Houghten and Paul McDermott (A.S.H.V.E. Transactions, Vol. 38, 1932, 
p. 424). 

A.S.H.V.E. Research Report No. 967 — Carbon Monoxide Distribution in Relation to the Heating 
and Ventilation of a One-Floor Garage, by F. C. Houghten and Paul McDermott (A.S.H.V.E. Trans- 
actions, Vol. 39, 1933, p. 395). 

Carbon Monoxide Surveys of Two Garages, by A. H. Sluss, E. K. Campbell and Louis M. Farber 
(A.S.H.V.E. Transactions, Vol. 40, 1934, p, 263). 
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Chapter 43 


PIPE AND DUCT HEAT LOSSES 

Heat Losses from Bare and Insulated PipeSy Low Temperature 
Pipe Insulation^ Insulation of Pipes to Prevent Freezing, 
Economical Thickness of Pipe Insulation, Underground Pipe 
Insulation, Heat Losses from Ducts 


T he heat transfer through uninsulated pipes and ducts may be of 
considerable magnitude if the temperature of the surrounding 
medium differs appreciably from that of the fluid conveyed. Careful 
consideration must, therefore, be given to this factor in a properly 
designed system and adequate insulation provided, if necessary. 

HEAT LOSSES FROM BARE PIPES 

Heat losses from horizontal bare steel pipes, based on tests at Mellon 
Institute and calculated from the fundamental radiation and convection 
equations (Chapter 3), are given in Table 1. Heat losses from horizontal 
copper tubes and pipes with bright, lacquered and tarnished surfaces, 
are given in Tables 2, 3 and 4^. 

The monetary values of the heat losses given in Tables 1, 2, 3 and 4 
may be obtained by means of Fig. 1 for various heating system efficiencies, 
temperature differences, and calorific values, and costs of coaL This 
chart, however, is intended for heat losses greater than 2 Btu per linear 
foot per hour per degree Fahrenheit temperature difference. To solve a 
problem, select the proper heat loss coefficient from Tables 1, 2, 3 or 4 and 
locate this value on the upper left-hand margin of the chart. Then draw 
lines in the order indicated by the dotted lines, the dollar value of the 
heat loss per 100 linear feet of pipe per 1000 hours being given on the 
upper right-hand scale. In using the chart, the cost of coal should also 
indude the labor for handling it, boiler room expense, etc. 

The area in square feet per linear foot of pipe is given in Table 5 for 
various standard pipe sizes, and Table 6 for copper tubing, while Table 
7 gives the area in square feet of flanges and fittings for various standard 
pipe sizes. These tables can be used to advantage in estimating the 
amount of insulating cement required for various equipment. 

Very often, when pipes are insulated, flanges and fittings are left bare 
so as to allow for easy access to the fittings in case of repairs. The fact 
that a pair of 8-in. standard flanges having an area of 2.41 sq ft would 


^Heat loss from Copper Piping, by R. H, Heilman {Heaiing, Piping and Air CondUioning, September, 
1933, p. 458). 
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Fig. 1. Chart for Estimating Dollar Value of Heat Loss 
FROM Bare Pipes. (See Tables 1, 2, 3 and 4)^ 

•This chart is based on 100 linear feet per 1000 hours. For fractions or multiples of these actors, 
multiply by proper percentage. 

lose, at 100 lb steam pressure, an amount of heat equivalent to more than 
a ton of coal per year shows the necessity for insulating such surfaces. 

Emmple 1. Compute the total annual heat loss from 165 ft of 2 in. bare pipe in 
service 4000 hours per year. The pipe is carrying steam at 10 lb pressure and is exposed 
to an average air temperature of 70 F. 

Solution. The pipe temperature is taken as the steam temperature, which is 239.4 F, 
obtained by interpolation from Table 8 Chapter 1. The temperature difference between 
the pipe and air == 239.4 — 70 = 169.4 F. By interpolation of Table 1 between tem- 
p^ature differences of 157.1 and 227.7 F, the heat loss from a 2 in. pipe at a temperature 
difference of 169.4 F is found to be 1.6^ Btu per hour per linear foot per degree tem- 
perature difference. The total annual heat loss from the entire line = 1.624 X 169.4 X 
165 (linear feet) X 4000 (hours) = 181,600 Mb. 
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Example^ Coal costing $11.50 per ton and having a calorific value of 13,000 Btu 
per pound is being burned in the furnace supplying steam to the pipe line given in the 
previous example. If the system is operating at an overall efficiency of 55 per cent, 
determine the monetary value of the annual heat loss from the line. 

Solution, The cost of heat per 1000 Mb supplied to the system = 1,000,000 X 11.5 


Table 1. Heat Losses from Horizontal Bare Steel Pipes 
Expressed in Btu per hour per linear foot per degree Fahrenheit difference 
in temperature between the pipe and surrounding still air at 70 F 


Nominal 

Pipe 

Size 


Hot Water 

i 

1 

1 

i 

Steam 


120 F i 

150 F . 

ISOF 

210 F 'i 

227.1 F 
' (5 Lb) 

299.7 F 
(50 Lb) 

, 337.9 F 
, (100 Lb) 

(Inches) 











Temperature Difference 




50 F 

80 F 1 

110 F 1 

140 F 

i 157.1 F 1 

227.7 F 

267.9 F 


0.455 

0.495 

0.546 1 

0.584 

1 0.612 

0.706 

0.760 

% 

0.555 

0.605 

0.666 I 

0.715 

1 0.748 

0.866 

0.933 

1 

0.684 

0.743 

0.819 i 

0.877 

0.919 

1.065 

1.147 

IK 

0.847 

0.919 

1.014 1 

1.086 

! 1.138 

1.324 

1.425 

IK 

0.958 

1.041 

1.148 j 

1.230 

; 1.288 

1.492 

1.633 

2 

1.180 

1.281 

1.412 1 

1.512 

1.578 

1.840 

1.987 

2K 

1.400 

1.532 

1 683 ! 

1.796 

1 1.883 

[ 2.190 

2.363 

3 

1.680 

1.825 

2.010 

2.153 

1 2.260 

i 2.630 

2.840 

3K 

1.900 

2.064 

2.221 

2.433 

2.552 

2.974 

3.215 

4 

2.118 

2.302 

2.534 

2.717 ! 

2.850 

3.320 

3.590 

5 

2.580 

2.804 

3.084 

3.303 

3.470 

4.050 

4.385 

6 

3.036 

3.294 

3.626 ! 

3.886 

4.074 

4.765 

5.160 

8 

3.880 

4.215 

4.638 

4.960 

5.210 

6.100 

6.610 

10 

4,760 

5.180 

5.680 

6.090 

6.410 

7.490 

8.115 

12 

5.590 

6.070 

6.670 

7.145 

7.500 

8.800 

9.530 


Table 2. Heat Loss from Horizontal Bare Bright Copper Pipe 
Expressed in Btu per hour per linear foot per degree Fahrenheit 
between the pipe and surrounding still air at 70 F 



Hot Watbb (Type K Copper Tube) 

Steam (Standard Pipe Size Pipe) 

Nominal 

Pipe 

120 F 

150 F 

180 F i 

210 F 1 

227.1 F 
(SLb) 

297.7 F 
(50 Lb) 

1 337.9 F 
! (100 Lb) 

Size 

(Inches) 



Temfeeatube Dipfebsncb 




50F 

80 F 

HOP 

140 F 

157.1 F 

227.7 F 

267.9 F 

K 

0.180 

0.210 

0.218 

0.229 

0.299 

0.338 

0.355 

K 

0 236 

0.275 

0.291 

0.307 

0.357 

0.408 

0.418 

1 

0 290 

0 338 

0 354 


0.440 

0.492 

0.523 

IK 

0.340 

0 400 

0.418 

0.443 

0.510 

0.571 

0.598 

IK 

0.390 

0.463 

0.473 

0 507 

0 598 

0.671 

0.710 

2 

0 490 

0.525 

0,600 

0 628 

0.719 

0.813 

0.851 

2 K 

0 580 

0.675 

0 709 


0.840 

0.953 

1.008 

3 

0.680 

0.788 

0 848 

0 871 

0.987 

1.107 

1.165 

3 K 

0.760 

0 888 

0 946 

1 000 

1.114 


1.307 

4 

0.940 


1.045 

1.107 

1.210 

1.361 

1.456 

4 K 





1.335 

1.495 

1.488 

5 

1.020 

1.200 

i .255 

{.320 

1.465 

1.670 

1.755 

6 

1.160 

1.375 

1.410 

1.500 

1.685 

1 890 

1.942 

8 

1.460 

1.725 

1.820 

1.890 

2.100 

2.373 

2.510 
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(dollars) -r 13,000 (Btu) X 2000 (lb) X 0.55 (efficiency) = $0,804. The total cost of 
heat lost per year = 0.804 X 181.6 (thousand Btu) = $146.00. (A closely approximate 
solution of such a problem may be made quickly by the use of the estimating chart given 
in Fig. 1.) 


Table 3. Heat Loss from Bright Copper Pipe Given One 
Thin Coat of Clear Lacquer 

Expressed in Btu pet hour per Unear foot per degree Fahrenheit 
between the pipe and surrounding still air at 70 F 


NoaCDfAL 

PiPB 

firgiii 

(Inches) 

Hot Wateb (Type K Copper Tube) jj 

Steam (Standard Pipe Size Pipe) 

120 F 

ISOF 

180 F 

210 F 1 

227.1 F 
(S Lb) 

297.7 F 
! (SO Lb) 

337.9 F 
(100 Lb) 

Temperatuee Difference 

50F 

80 F 

110 F 

140 F 

157.1 F 

227.7 F 

267.9 F 


0.240 

0.265 

0.282 

0.307 

0 401 

0.461 

0.478 

K 

0.320 

0.356 

0.373 

0.414 

0.477 

0.571 

0.578 

1 

0.390 

0.437 

0.463 

0.507 

0.598 

0 681 

0.710 

IK 

0.470 

0.537 

0 554 

0.614 

0.700 

0.812 

0 840 

m 

0.540 

0.612 

0.645 

0.714 

0.830 

0.966 

0.990 

2 

0.690 

0.762 

0 818 

0.892 

1.005 

1.164 

1.201 

2K 

0.840 

0.937 ; 

0.991 

1.085 

1.178 

1.361 

1.420 

3 

0.960 

1.025 

1.135 

1.270 

1.400 , 

1 625 

1.700 

3K 

1.100 

1.250 

1.318 

1.442 

1.580 1 

1 845 

1.905 

4 

1.241 

1.400 

1.480 

1.556 

1.750 

2.040 

2.130 

4H 





1.910 

2.240 

2.350 

5 

i'.m 

1.685 

1.790 

1.965 

2.130 

2.415 

2.610 

6 

1.700 

1.936 

2.052 

2.272 

2.450 

2.810 

2.990 

8 

2.200 

2.500 

2.630 

2.854 

3.120 

3.425 

3.730 


Table 4. Heat Loss from Horizontal Tarnished Copper Pipe 

Expressed in Btu per hour per linear foot per degree Fahrenheit 
between the pipe and surrounding stUl air at 70 F 


Nominal 

Pn® 

Sesb 

(Inches) 

Hot Water (Type K Copper Tube) 

Steam (Standard Pipe Size Pipe) 

120 F 

150 F 1 

180 F 

' 210 F 



337.9 F 
(100 Lb) 

Temperature Difference 

50F 

80 F 

110 F 

140 F 

157.1 F 

227.7 F 

267.9 F 


0.250 

0.287 

0.300 

0.321 

0.433 

0.500 

0.530 

H 

0.340 

0.381 1 

0.409 

0.429 

0.533 

0.543 

0.654 

1 

0.440 

0.475 

0.509 

0.536 

0.636 

0.746 

0.803 

IK 

0.500 

0.559 

0.618 

0.622 

0.764 

0.878 

0,934 

m 

0.580 

0.656 

0.710 

0.750 

0.904 

1.053 

1.120 

2 

0.730 

0.825 

0.890 

0.957 

1.101 

1.273 

1.364 

2K 

0.880 

1.000 

1.091 

1.143 

1.305 

1.490 

1.605 

3 

1.040 

1.175 

1.272 

1.343 

1.560 

1.800 

1.940 

3K 

1.180 

1.350 

1.454 

1.535 

1.750 

2.020 

2,170 

4 

1.460 

1.500 

1.635 

1.715 

1.941 

2.240 

2.430 

4H 



• • « • • 


2.131 

2 465 

2,650 

5 

1.600 

1.812 

1.980 

2.071 

2.387 

2.770 

2.990 

6 

1.840 

2.125 

2.270 

2.430 

2.740 

3.210 

3.440 

8 

2.400 

2.685 

2.910 

3.110 

3.310 

4.050 

4.370 
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HEAT LOSSES FROM INSULATED PIPES 

The conductivities of various materials used for insulating steam and 
hot water systems are given in Table 8. They are given as functions of 
the mean temperatures or the mean of the inner and outer surface tem- 


Table 5. Radiating Surface per Linear Foot of Pipe 


NOUINA.L 

Pipe Size 
(Inches) 

ScBFA.CE Area ! 
(Sq Ft) 

Nominal 

Pipe Size 

1 (Inches) | 

SuBFACB Area 
(Sq Ft) 

\ Nominal j 
1 Pips Size 
j (Inches) 

ScEFACB Abba 
(SqFt) 


0.22 

2 

0.622 

1 5 

1.456 

H 

0.27S 

m 

0.753 

i ^ 

1.734 

1 

0.3« 

3 

0.917 1 

i 8 

2.257 


0.43S 

i 314 

1.017 1 

10 

2.817 

114 

0.498 

1 ^ 

1.178 1 

1 

1 " 

3.338 


Table 6. Radiating Surface per Linear Foot of Copper Tubing 
Outside diameter 3^ in. greater than nominal size 


Tcbb Size 
(Inches) 

ScBFACE Area 
(Sq Ft) 

Tube Size 
(Inches) 

Surface Area 
(SqFt) 

Tubs Size 
(Inches) 

Surface Area 
(Sq Ft) 

Yz 

0.164 

2 


5 

1.342 

Y. 

0.229 

2Y 


6 

1.604 

1 

0.295 

3 


8 

2.128 

lY 

0.360 

3H 




m 

0.426 

4 

! 


•• 



Table 7, Areas of Flanged Fittings, Square Feet^ 


Nominal 

Pipe Size 
(Inches) 

Flanged 

Coupling 

90 Deg Ell 

Long Radius 

Ft.t. 

Tee 

Cross 

Standard 

Extra 

Heavy 

Standard 

Extra 

Heavy 

Standard 

Extra 

Heavy 

! Standard 

Extra 

Heavy 

Standard 

Extra 

Heavy 

1 

0.320 

0.438 

0.79S 

1.015 

0.892 

1.083 

1.235 

1.575 

1.622 

2.07 

lY 

0,383 

0.510 

0.957 

1.098 

1.084 

1.340 

1.481 

1.925 

1.943 

2.53 

lY 

0.477 

0.727 

1.174 

1,332 

1.337 

1.874 

1.815 

2.68 

2.38 

3.54 

2 

0.672 

0,848 

1 1.65 

1 2.01 

1.84 

2.16 

2.54 

3.09 

3.32 

4.06 


0.841 

1.107 

I 2.09 

2.57 

2.32 

2.76 

3.21 

4.05 

4.19 

5.17 

3 

0.945 

1.484 

2.38 

3.49 

2.68 

3.74 

3.66 

5.33 

4.77 

6.9S 

3H 

1.122 

1.644 

2.98 

3.96 

3.28 

4.28 

4.48 

6.04 

5.83 

7.89 

4 

1.344 

1.914 

3.53 

4.64 

3.96 

4.99 

5.41 

7.07 

7.03 

9.24 

4H 

1.474 

2.04 

3.95 

5.02 

4.43 

5.46 

6.07 

7.72 

7.87 

10.07 

5 

1.622 

2.18 

4.44 

5.47 

5.00 

6.02 

6.81 

8.52 

8.82 

10.97 

6 

1.82 

2.78 

5.13 

6.99 1 

5.99 

7.76 

7.84 

10.64 

10.08 

13.75 

8 

2.41 

3.77 

6.98 

9.76 

8.56 

11.09 

10.55 

14.74 

13.44 

18.97 

10 

3.43 

5.20 

10.18 

13.58 

12.35 

15.60 

15.41 

20.41 

19.58 

26.26 

12 

4.41 

6.71 

13.08 

17.73 

16.35 

18.76 

19.67 

26.65 

24.87 

34.11 


alncluding areas of accompanying flanges bolted to the fitting. 


peratures of the insulations. It should be emphasized that they are the 
average values obtained from a number of tests made on each type of 
material, also that all variables due to differences in thickness, pipe sizes, 
and air conditions are eliminated. Individual manufacturer's materials 
will, of course, vary in conductivity to some extent from these values. 
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resistance to heat flow inherent in the insulation itself. The maximum 
increase in heat loss due to air velocity ranges from about 30 per cent in 
the case of 1-in. thick insulation, to about 10 per cent in the case of 3-in. 
thick insulation, provided that the insulation is thoroughly sealed so 
that air can flow only over the surface. 

If the conditions are such that the air may circulate through cracks 
and crevices in the insulation, the increases may be far greater than those 
given. Therefore, it is essential that insulation be sealed as tightly as 









TEMPERATURE DIFFERENCE FROM PIPE TO ROOM, DEG FAHR 

Fig. 4. Heat Loss Through 2 In. Thick 85 per cent 
Magnesia Type Covering 

possible. Pipe insulation exposed to the elements should be thoroughly 
waterproofed. 

Example 3. If the steam line given in Examples 1 and 2 is covered with 1 in. thick 
85 per cent magnesia, determine the resulting total annual loss through the insulation. 
Also compute the monetary value of the annual saving and the percentage of saving 
over the heat loss from the bare pipe. 

Solution. By referring to Fig. 2, the coefficient for 1 in. magnesia on a 2 in. pipe is 
found to be 0.285 Btu per hour per linear foot of pipe per degree temperature difference 
at a temperature difference of 169.4 F. The total hourly loss per linear foot of pipe will 
then be 0.285 X 169.4 = 48.3 Btu. The total annual loss through the insulation — 
48.3 X 165 (linear feet) X 4000 (hours) == 31,900 Mb, The annual bare pipe loss as 
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determined in the solution of Example 1 was found to be 181,600 Mb. The saving due 
to insulation is then 181,600 — 31,900 == 149,700 Mb per year. 

From the solution of Example 2, it was found that the heat supplied to the system 
cost $0,804 per thousand Mb. Therefore, the monetary value of the saving — 0.804 
(dollars) X 149.7 (thousand Mb) = $120.36, or 82.4 per cent of the cost when using 
uninsulated pipe. 

Table 8. Conductivity ( Jk ) of Various Types of Insulating Materials 
FOR Medium and High Temperature Pipes^ 


Types of Insulating Materials 


85 per cent Magnesia Type 

Corrugated Asbestos Type.- 

(4 Plies per 1 in. thick) 

Corrugated Asbestos Type._ 

(8 Plies per 1 in. thick) 

Laminated Asbestos Type 

(30-40 Laminations per 1 in. thick) 

Laminated Asbestos Type 

(14-20 Laminations per 1 in. thick) 

Mineral Wool Type. 

High T emperature T ype. 

(Diatomaceous Earth and Asbestos) 

Brown Asbestos Type.. 

(Felted Fiber) 


Mean Temperatltie, Deg F 


100 

0.359 

0.495 

0.505 

0.326 

0.374 

0.350 

0.576 

0.338 


200 

0.403 

0.618 

0.598 

0.380 

0.445 

0.410 

0.614 

0.396 


300 

0.448 

0.741 

0.692 

0.434 

0.518 

0.470 

0.652 

0.453 


400 

0.493 

0.864 

0.786 

0.488 

0.589 

0.530 

0.689 

0.510 


500 

0.539 


0.543 

0.662 

0.590 

0.726 

0.568 


aFrom tests conducted at Mellon Institute. 


Table 9. Pipe Covering Factors 


Temperature Difference, Pipe to Air, Deg F 


Types of Insulating Materials 



100 

200 

300 

400 

500 

600 

85 per cent Magnesia Type. 

Corrugated Asbestos Type. 

1.050 

1.425 

1.024 

1.465 

0.997 

1.605 

0.971 

1.545 

0.944 

0.918 

(4 Plies per 1 in. thicls) 



Corrugated Asbestos Type. 

1.435 

1.437 

1.438 

1.440 



(8 Plies per 1 in. thick) 



Laminated Asbestos Type 

0.969 

0.960 

0.951 

0.942 

0.933 

0.924 

(30-40 Laminations per I in. thick) 







Laminated Asbestos Type 

1.103 

1.104 

1.105 

1.106 

1.107 

1.108 

(14-20 Laminations per 1 in. thick) 







Mineral Wool Type: 

1.023 

1.028 

1.033 

1.038 

1.043 

1.048 

High Temperature Type. 

(Diatomaceous Earth and Asbestos) 

1.560 

1.489 

1.418 

1.347 

1.276 

1.205 

Brown Asbestos Type.- 

(Felted Fiber) 

1.003 

0.997 

0.990 

0.984 

0.977 

0.971 


LOW TEMPERATURE PIPE INSULATION 

Surfaces maintained at temperatures lower than the surrounding air 
are insulated to reduce the flow of heat and to prevent condensation and 
frost. The insulating material should absorb a minimum amount of 
moisture, because the absorption of moisture substantially increases the 
conductivity of the material. This property is particularly important in 
the insulation of surfaces that are below the dew-point of the surrounding 
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air. In such cases, due to vapor pressure difference, it is necessary to 
seal the surface of the insulating material against the penetration of 
water vapor which would condense within the material, causing a serious 
increase in heat flow, possible breakdown of the material, and corrosion 
of metal surfaces. An insulating material with a high degree of moisture 
absorption might pick up moisture before application and then, when 



Fig. 5. Thickness of Pipe Insulation to Prevent Sweating^ 

ftSolve problems by drawing lines as indicated by dotted line, entering chart at lower left hand scale. 


the seal is in place and the temperature of the insulated surface reduced, 
release that moisture to the cold surface. 

The thickness of insulation required to prevent sweating is that 
thickness which will raise the temperature of the outer surface of the 
insulation to a point slightly higher than the dew-point for the corre- 
sponding air temperature and relative humidity. The difference in tem- 
perature between the air and the dew-point for various humidities can be 
readily ascertained from a psychrometric chart. 

The approximate required thickness of insulation to prevent conden- 
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sation on pipes and flat metallic surfaces may be obtained from Fig. 5. 
The maximum permissible temperature drop is indicated at the point 
where the guide line passes through the horizontal scale at the left center 
of the chart. This temperature drop represents the difference between the 
dry-bulb temperature and the dew-point temperature for the conditions 
involved. (See discussion of Condensation in Chapter 4.) The surface 
resistances used for calculating the family of curves in Fig. 5 are based on 
tests made on canvas covered pipe insulation surfaces at Mellon Institute, 
However, it has been found that the resistance for asphaltic and roofing 
surfaces is practically the same as for canvas surfaces, so that the curves 
may be followed with no alteration for surfaces commonly used. 

Heat gains for pipes insulated with a material having a conductivity of 

Table 10. Heat Gains for Insulated Cold Pipes 

Rates of heat transmission given in Btu per hour per degree Fahrenheit temperature difference 
between fluid in pipe and surrounding still air 

Based on materials having conductivity^ k — 0,S0 


Nominal 

Pip« 

SiZB 

(Inches) 

ICB WatEH TmCKNBSS 

Brine Thickness 

Heavy Brine Thickness 

Thickness 

of 

Insulation 

(Inches) 

Btu Per 
Linear 
Foot 

Btu Per 
Sq Ft 
Hpe 
Surface 

Thickness 

of 

Insulation 

(Inches) 

Btu Per 
Linear 
Foot 

Btu Per 
Sq Ft 
Pipe 
Surface 

Thickness 

of. 

Insulation 

(Inches) 

Btu Per 
Linear 
Foot 

Btu Per 
Sq Ft 
Hpe 
Surface 


1.5 

0.110 

0.502 

2.0 

0.098 

0.446 

2.8 

0.087 



1.6 

0.119 

0.431 

2.0 

0.111 

0.405 

2.9 

0.094 


1 

1.6 

0.139 

0.403 

2.0 

0.124 

0.352 

3.0 

0.104 

■w 


1.6 

0.155 

0.3S7 

2.4 

0.131 

0.300 

3.1 

0.113 

0.260 

iy2 

1.5 

0.174 

0,351 

2.5 

0.134 

0 270 

3.2 

0.118 

0.238 

2 

1.5 

0.200 

0.322 

2.5 

0.151 

0.244 

3.3 

0.134 

0.214 


1.5 

0.228 

0,303 

2.6 

0.170 

0.226 

3.3 

0.147 

0.197 

3 

1.5 

0.269 

0.293 

2.7 

0.186 

0.202 

3.4 


0.176 


1.5 

0.295 

0.282 1 

2.9 

0.191 

0.183 

3.5 


0.167 

4 

1.7 

0.294 

0.248 

2.9 

0.209 

0.176 

3.7 

0.182 

0.154 

5 

1.7 

0,349 

0.239 

3.0 

0.241 

0.165 

3.9 

0.202 

0.138 

6 

1.7 

0,404 

0.233 1 

3.0 

0 259 

0.150 i 

4.0 

0.228 

0.130 

8 

1.9 

0,455 

0.201 

3.0 

0 318 


4.0 


0.116 

10 

1.9 

0.559 

0.198 

3.0 

0 383! 

0.135 

4.0 

0.309 

0.110 

12 

1.9 

0 648 

0.194 

3.0 

0.438 

1 

0.131 

4.0 

0.364 

0.108 


0.30 Btu per square foot per hour per degree Fahrenheit difference per 
inch thickness are given in Table 10. 

INSUUTION OF PIPES TO PREVENT FREEZING 

If the surrounding air temperature remains sufficiently low for an ample 
period of time, insulation cannot prevent the freezing of still water, or of 
water flowing at such a velocity that the quantity of heat carried in the 
water is not sufficient to take care of the heat losses which will result and 
cause the temperature of the water to be lowered to the freezing point. 
Insulation can materially prolong the time required for the water to give 
up its heat, and if the velocity of the water flowing in the pipe is main- 
tained at a sufficiently high rate, freezing may be prevented. 

Table 11 may be used for making estimates of the thickness of insu- 
lation necessary to take care of still water in pipes at various water and 
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surrounding air temperature conditions. Because of the damage and 
service interruptions which may result from frozen water in pipes, it is 
essential that an efficient insulation be utilized. This table is based on 
the use of a material having a conductivity of 0.30. The initial water tem- 
perature is assumed to be 10 F above, and the surrounding air temperature 
50 F below the freezing point of water (temperature difference, 60 F). 

The last column of Table 11 gives the minimum quantity of water at 
initial temperature of 42 F which should be supplied every hour for each 
linear foot of pipe, in order to prevent the temperature of the water from 
being lowered to the freezing point. The weights given in this column 
should be multiplied by the total length of the exposed pipe line expressed 
in feet. As an additional factor of safety, and in order to provide against 

Table 11. Data for Estimating Requirements to Prevent 
Freezing of Water in Pipes with Surrounding Air at —18 F 


Nominal 

PiPH 

Sbsb 

(Inchbs) 

Number op Hours to Cool 42 F Water 

TO Freezing Point 

Water Flow Required at 42 F to Prevent 
Freezing, Pounds per Linear Foot 

OP Pipe per Hour 


Thickness of Insulation in Inches (Conductivity, k = 0.30) 


2 

3 

4 

2 

3 

4 


0.42 

0.50 

0.57 

0.54 

0.45 

0.40 

1 

0.83 

1.02 

1.16 

0.68 

0.55 

0.48 

m 

1.40 

1.74 

2.02 

0.84 

0.68 

0.58 

2 

1.94 

2.48 

2.90 

0.95 

0.75 

0.64 

3 

3.25 

4.27 

5.08 

1.24 

0.94 

0.79 

4 

4.55 

6.02 

7.20 

1.47 

1,11 

0.93 

5 

5.92 

7.96 

9.69 

1.73 

1.29 

1,06 

6 

7.35 

9.88 

12.20 

1.98 

1.46 

1.19 

8 

10.05 

13.90 

17.25 

2.46 

1.78 

1.43 

10 

13.00 

18.10 

22.70 

2.96 

2.12 

1.70 

12 

15.80 

22.20 

28.10 

3.43 

2.45 

1.93 


temporary reductions in flow occasioned by reduced pressure, it is ad- 
visable to double the rates of flow listed in the table. It must be empha- 
sized that the flow rates and periods of time designated apply only for the 
conditions stated. To estimate for other service conditions the following 
method of procedure may be used. 

If water enters the pipe at 52 F instead of 42 F, the time required to 
cool it to the freezing point will be prolonged to twice that given in the 
table, or the rate of flow of water may be reduced so that tiie quantity 
required will be one-half that shown in the last column of Table 11. 
However, if the water enters the pipe at 34 F it will be cooled to 32 F in 
one-fifth of the time given in the table. It will then be necessary to 
increase the rate of flow so that five times the specified quantity of water 
will have to be supplied in order to prevent freezing. 

If the minimum air temperature is — 38 F (temperature difference 80 F) 
instead of — 18 F, the time required to cool the water to the freezing point 
will be 60/80 of the time given in the table, or the necessary quantity of 
water to be supplied will be 80/60 of that given. 

In making calculations to arrive at the values given in Table 11, the 
loss of heat stored in the insulation, the effect of a varying temperature 
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difference due to the cooling of pipe and water, and the resistance of 
the outer surface of the insulation to the transfer of heat to the air have 
all been neglected. When these factors enter into the computations it is 
necessary to enlarge the factor of safety. Also as stated, the time shown 
in the table is that required to lower the water to the freezing point. A 
longer period would be required to freeze the water but the danger point 
is reached when freezing starts. The flow of water will stop and the entire 
line will be in danger as soon as the water freezes across the section of the 
pipe at any point. 

When water must remain stationary longer than the times designated 
in Table 11, the only safe way to insure against freezing is to install a 
steam or hot water line or to place an electric resistance heater along the 
side of the exposed water line. The heating system and the water line are 
then insulated so that the heat losses from the heating system are not 


Table 12. Thicknesses of Pipe Insulation Ordinarily used Indoors^ 


Steam Peessttbes 

Steam Temperatures 

Thickness op Insulation 

(Lb Gaos) 

OR Conditions 

Degrees 

Fahrenheit 

Hpes Larger 
Than 4 In. 

Pipes 

2 In. to 

4 In. 

Kpes 

to In. 

0 to 25 

25 to 100 

100 to 200 

Low Superheat 

Medium Superheat 

High Superheat 

212 to 267 

267 to 338 

338 to 388 

388 to 500 

500 to 600 

600 to 700 

1 in. 
in. 

2 in. 

2}4 in. 

3 in. 

33^ in. 

1 in. 

1 in. 

IH in. 

2 in. 
2H in. 

3 in. 

1 in. 

1 in. 

1 in. 

IJ^ in. 

2 in. 

2 in. 


aAll piping located outdoors or exposed to weather is ordinarily insulated to a thickness M in. greater 
than shown in this table, and covered with a waterproof jacket. 


excessive, and the heating effect is concentrated against the water pipe 
where it is needed. For this form of protection 2 in. of an efficient insu- 
lation may be applied. 

ECONOMICAL THICKNESS OF PIPE INSULATION 

The thicknesses of insulation which ordinarily are used for various 
temperature conditions are given in Table 12. Where a thorough analysis 
of economic thickness is desired this may be accomplished through the 
use of the chart, Fig. 6. 

The dotted line on the chart illustrates its use in solving a typical 
example. In using the chart, start with the scale at the left bottom 
margin representing the given number of hours of operation per year; 
then proceed vertically to the line representing the given value of heat; 
thence horizontally to the right, to the line representing the given tem- 
perature difference; thence vertically to the line representing the con- 
ductivity of the given material ; thence horizontally, to the left, to the line 
representing the given discount on that material; thence vertically to 
the curve representing the required per cent return on the investment; 
thence horizontally to the right, to the curve representing the given pipe 
size; thence vertically to the scale at the top right margin where the 
economical thickness may be read off directly. 
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HOURS OFOPDMTION PER YEAR 

(L. B. McMillan, Proc . National Dist . Heating Assn ., Vol. 18, p. 138). 

Fig. 6. Chart for Determining Economical Thickness of Pipe Insulation 
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UNDERGROUND PIPE INSULATION 

Underground steam distribution lines are carried in protective struc- 
tures of various types, sizes and shapes. (See Chapter 17.) Detailed data 
on commonly used forms of tunnels and conduit systems have been 
published by the National District Heating Association^. 

Pipes in tunnels are covered with sectional insulation to provide 
maximum thermal efficiency and are also finished with good mechanical 
protection in the form of metal or waterproofing membrane outer jackets. 
Conduit systems are in more general use than tunnels. Pipes carried in 
conduits may be insulated with sectional insulation ; however, the more 
usual practice is to fill the entire section of the conduit around the pipes 
with high quality, loose insulating material. The insulation must be 
kept dry at all times, and for this purpose effective waterproofing mem- 
branes enclose the insulation. A drainage system is also provided to divert 
water which may tend to enter the conduit. 

The economical thickness of insulation for underground work is difficult 
to determine accurately due to the many variables which have to be 


Table 13. Thickness of Loose Insulation for Use as 
Fell in Underground Conduit Systems 


Steam 

PRESSintES 

(Lb Gaqb) 

OR Conditions 

Steam 

Temperatures 

Degrees 

Fahrenheit 

Minimum Thickness op Insulation in Inches 

Minimum 

Distance 

Between 

Steam 

AND 

Return 

Steam Lines 

1 Return Lines | 

Pipes Less 
than 4 In. 

Pipes 4 In. 
to 10 In. 

Pipes Larger 
than 12 In. 

Pipes Less 
than 4 In. 

Pipes 4 In. 
and Larger 

Hot Water, 




1 




or 0 to 25 

212 to 267 

m 

2 


m 

m 

1 

25 to 125 

267 to 352 

2 


3 

iVi 


m 

Above 125, or 








superheat 

352 to 500 


3 

3H 

IK 

m 

m 


considered. As a result of theories® previously developed, together with 
other experimental data which have been presented, the usual endeavor 
is to secure not less than 90 per cent efficiency for underground piping. 
Table 13 can be used as a guide in arriving at the minimum thickness of 
loose insulation fills to use for laying out conduit systems. Other factors 
such as the number of pipes and their combination of sizes, as well as the 
standard conduit sizes, are primary controlling factors in the amount and 
thickness of insulation for use. 

When sectional insulation is applied to lines in tunnels or conduits, 
usual practice is to apply tibe most efficient materials in. less in thick- 
ness than that determined by the use of Fig. 6. The data in Fig. 6 are based 
on conditions of insulation exposed to the air, whereas normal ground 
temperature is substituted for air temperature in determining the tem- 
perature difference for use with the chart when applying it for under- 
ground pipe line estimates. 


®Han(ibook of the National District Heating Association. Second Edition, 1932. 

*Theory of Heat Losses from Pipes Buried in the Ground, by J. R. Allen (A.S.H.V.E. Transactions, 
Vol. 26, 1920, p. 335). 
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PER DEG FAHR PER INCH THICKNESS) 

Fig. 7. Heat Loss Coefficients for Insulated Ducts.^ 

»For round ducts less than 30 in. diameter, increase heat transmission values by the following percent- 


Thickness of Insulation (Inches) 

21 to 30 in. Duct Diameter 

12 to 21 in. Duct Diameter. 



1 

IH 


11 
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HEAT LOSSES FROM DUCTS 

The thermal transmission coefficient U for an uninsulated metal duct 
can be obtained from the equation : 


C/ = _l_ J_ (1) 

Ji /o 

where 

U = thermal transmittance, Btu per square foot per hour per degree Fahrenheit 
difference in temperature between the average temperature inside the duct and 
the air outside the duct. 

/i = film conductance inside the duct, Btu per hour per square foot per degree 
Fahrenheit. 

/o = film conductance outside the duct, Btu per hour per square foot per degree 
Fahrenheit. 

Film conductance /i for air flowing in ducts apparently depends only on 
the velocity of the air and the diameter of the duct. A fairly reliable 
inside coefficient can be calculated from Schultz’s modified equation: 

_ 0.327o°*« 


where 

Vo =* velocity of air in duct, feet per second. 

jD = diameter of duct, feet. 

Film conductance /o depends on a number of variables including tem- 
perature, diameter, and emissivity of the outer surface and can readily be 
calculated from data in Chapter 3. From this explanation, it is seen that 
it is unwise to recommend a given value of U for all uninsulated metal 
ducts. 

The heat loss from a given length of duct can be expressed by: 




The heat given up by the air in the duct is: 

Q = 0.24 M (ti - As) = 14.4 A Yd ih - k) (4) 

Equating 3 and 4 enables the determination of the temperature drop in the duct: 


h tj — 2^8 
k- k 


28.8 AVd 
UPL 


Let X = rectangular ducts, = round ducts, solving for 


k and k' 


k (x -h 1) 2k 
(X ^ 1 ) 

k (jg — 1) -h 2k 
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For low velocities and long ducts of small cross-section, a somewhat 
more accurate formula may be used as follows: 


In these equations 



(7) 


Q = heat loss through duct walls, Btu per hour. 

U == thermal transmission coefficient, Btu per square foot per hour per degree 
Fahrenheit. 

P = perimeter of duct, feet. 

L = length of duct, feet. 

h = temperature of air entering duct, degree Fahrenheit. 

= temperature of air leaving duct, degree Fahrenheit. 

U = temperature of air surrounding duct, degree Fahrenheit. 

M = weight of air per hour, through the duct, pounds. 

A — cross-sectional area of duct, feet. 

D = diameter of round ducts, feet. 

V == velocity of air in the duct, feet per minute, at specified temperature. 
d == density of air, pounds per cubic foot, at the specified temperature at which V 
is measured. 

e = naperian base of logarithms = 2,718. 


In using Equations 5, 6 and 7, one of the duct air temperatures will be 
unknown and will be solved for by substitution of the other known or 
assumed values. 

Heat loss coefficients for insulated ducts with various conductivities 
are given in Fig. 7. The conductivities of various materials, which are 
based on mean temperatures, ranging from about 70 to 90 F, will be 
found in Table 2 of Chapter 4. For cases where the mean temperature 
is other than that on which the test was conducted, a correction should be 
made. However, in most cases the effect of this factor will be small and 
may be neglected. 

Example 4^ Determine the entering air temperature and heat loss for a duct 24 X 36 
in. cross-section and 70 ft in length, insulated with 3^ in. of a material having a con- 
ductivity of 0.35 Btu at 86 F mean temperature, carrying air at a velocity of 1200 fpm, 
measured at 70 F, to deliver air at 120 F with air surrounding the duct at 40 F. 

Solution. Referring to Fig. 7, the overall heat transmission coefficient is found to be 
0.49 Btu. From Table 6, Chapter 1 the density of air at 70 F and 29.92 in. Hg. is found 
to be 0.0749 lb per cubic foot. Substituting these and the other given values in Equa- 
tion 5: 

28.8 X 6 X 0.0749 X 1200 
* 0.49 X 10 X 70 


120 ( 44.4-b 1) - 80 
44.4 - 1 


123.7 


Substituting in Equation 3 : 

Q = 0.49 X 10 X 70 [ ^ 123.7 + 120 ^ _ ^ J 

Q = 28.010 Btu per hour. 
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ELECTRIC HEATING 


Resistors^ Heating Elements^ Electric Heaters^ Unit Heaters, 

Central Fan Heating, Electric Boilers, Electric Hot Water 
Heating, Heating Domestic Water Supply, Radiant Drying, 
Reversed Cycle Refrigeration, Auxiliary Electric Heating, 

Control, Calculating Capacities, Power Problems 

E lectric heating is steadily assuming a more Important place In 
heating, ventilating and air conditioning installations, encouraged in 
many localities by reduced electric rates. Electric heating is flexible, 
clean, safe, convenient and easy to control. It has many basic principles 
in common with fuel heating, but there are also important differences. 
When heat is delivered by wire, no combustion process is necessary, 
either at a central plant or at the individual room units. The output of 
an electric heater is a fixed constant, unaffected by the temperature of the 
surrounding air and it follows that the total load on an electric heating 
system is the total wattage of connected electric heaters, regardless of 
weather conditions. The main obstacle to the more general adoption of 
electric heating for buildings is the cost of the electricity itself. 

All heat is a form of energy. Fuels hold stored chemical energy which 
is released into heat by combustion. Electrical power is a form of energy 
which can be released into heat by passing it through a resisting material. 
Both fuel and electric heating have two divisions: first, the conversion of 
energy into heat; second, the distribution and practical use of the heat 
after it is produced. 

In converting the chemical energy of fuels into heat by combustion, 
there is necessarily a considerable variation in thermal efficiency. This 
is not true, however, when converting electric power into heat, as 100 
per cent of the energy applied to the resistor is always transformed into 
heat,. In electric heating practice no concern need be given to efficiencies 
of heat production, but rather to efficiencies of heat utilization. The 
problem is to distribute the electrically produced heat units in such 
manner as to obtain conditions of maximum comfort with the minimum 
consumption of electricity. 


DEFINITIONS 

Definitions of general terms used in fuel heating are given in Chapter 
47. Terms which apply particularly to electric heating are: 
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Electric Resistor: A material used to produce heat by passing an electric current 
through it. 

Electric Heating Element: A unit assembly consisting of a resistor, insulated sup- 
ports, and terminals for connecting the resistor to electric power. 

Electric Heater: A complete assembly of heating elements with their enclosure, 
ready for installation in service. 

RESISTORS AND HEATING ELEMENTS 

Solids, liquids, and gases may be used as resistors, but most com- 
mercial electric heating elements have solid resistors, such as metal 
alloys, and non-metallic compounds containing carbon. In some types of 
electric boilers, water forms the resistor which is heated by an alternating 
current of electricity passing through it. One of the more common 
resistors is nickel-chromium wire or ribbon which, in order to avoid 
oxidation, contains practically no iron. 

Commercial electric heating elements are made in many types. Some 
have resistors exposed to the air being heated. The resistors may be coils 
of wire or metal ribbon, supported by refractory insulation, or they may 
be non-metallic rods, mounted on insulators. This type of element is 
used extensively for operation at high temperatures when radiant heat is 
desired, also at low temperatures for convection and fan circulation 
heating, especially in large installations. 

Some elements have metallic resistors embedded in a refractory insu- 
lating material, encased in a protective sheath of metal. Fins or extended 
surfaces may be used to add heat-dissipating area. Elements are made 
in many forms, such as strips, rings, plates and tubes. Strip elements are 
used for clamping to surfaces requiring heat by conduction, and in some 
types of convection air heaters. Ring and plate elements are used in 
electric ranges, waffle irons, and in many small air heaters. Tubular 
elements may be immersed in liquids, cast into metal, and, when formed 
into coils, used in electric ranges and air heaters. Cloth fabrics woven 
from flexible resistor wires and asbestos thread, are used for many low 
temperature purposes such as heating pads and aviators’ clothing. 

Special incandescent lamps are used as heating elements in certain 
applications where radiant heat is desired. These use carbon or tungsten 
filaments as resistors, and are designed to produce maximum energy in 
the infra-red portion of the spectrum. 

ELECTRIC HEATERS 

Electric heaters may be divided into three groups: conduction, radiant 
and convection. 

Conduction electric heaters j which deliver most of their heat by actual 
contact with the object to be heated, are used in such applications as 
aviators’ clothing, hot pads, foot warmers, soil heaters, ice melters, and 
water heaters. Conduction heaters are useful in conserving and localizing 
heat delivery at definite points. They are not suitable for general air 
heating. 

Radiant electric heaters, which deliver most of their heat by radiation, 
have high temperature heating elements and reflectors to concentrate 
the heat rays in the desired directions. The immediate and pleasant 
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sensation of warmth which is caused by radiant heat makes this type 
desirable for temporary use where the heat rays can fall directly upon the 
body. They are not satisfactory for general air heating, as radiant heat 
rays do not warm the air through which they pass. They must first be 
absorbed by walls, furniture, or other solid objects which then give up the 
heat to the air. For a discussion of electrically heated panels as applied 
to radiant heating, see Chapter 45. 

Gravity convection electric heaters, designed to induce thermal air circu- 
lation, deliver heat largely by convection, and should be located and used 
in much the same manner as steam and hot water radiators or convectors. 
They generally have heating elements of large area, with moderate surface 
temperature, enclosed to give proper stack effect to draw cold air from 
the floor line. The flexibility possible with electric heating elements 
should discourage the use of secondary mediums for heat transfer. Water 




and steam add nothing to the efficiency of an electric heater and entail 
expensive construction and maintenance. 

UNIT HEATERS 

Electric unit heaters include a built-in fan unit which circulates room 
air over the heating elements. Heaters of this type are manufactured in 
many designs and sizes, and can be located in the same manner as steam 
unit heaters. 

Electric unit heaters are used in industrial plants, sub-stations, power 
houses, pumping stations, etc., where the power rate for electric heating 
is found to be favorable. In many large plants, such as flour mills, grain 
elevators, etc., in which there are a number of small offices, locker rooms, 
etc., scattered over wide areas, electric unit heaters are frequently 
economical in such locations. In small unattended stations, where 
freezing temperatures cannot be permitted, thermostatically-controlled 
electric unit heaters are frequently used to maintain a temperature above 
freezing. The best location for the heaters depends upon local circum- 
stances as they can be mounted either on the ceiling to direct the air 
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downward, on the side wall about 7 ft from the floor, or near the floor 
line. Variations in design are necessary for different locations, but 
typical arrangements are indicated in Figs. 1 and 2. 

The arrangement of the wiring circuits is very important for electric 
unit heaters. In principle they are all the same and include as essential 
elements an automatic control panel, a thermostat, and a master hand 
switch. All heaters should be designed with a safety thermal trip wired 
in series with the magnet coil of the control panel and with the hand 
switch and thermostat. A typical wiring diagram is shown in Fig. 3. This 
applies to a single phase power supply, but for 3 phase the only difference 
is to have a 3-pole panel and a heater arrangement for 3-phase connection. 

Portable unit heaters are useful for temporary work, such as drying out 
damp rooms, or for warming rooms during construction. 

CENTRAL FAN HEATING 

Electric heating elements can be used for the prime source of heat in a 
central fan electric heating system or in the heating phase of a complete 


Power supply 



Fig. 3. Wiring Diagram for Unix Heater 

air conditioning system. They can be used in the same manner as steam 
heating units for tempering, preheating or reheating the air at the main 
supply fan location and as booster heaters at the delivery terminals of the 
duct system. In the humidification phase of air conditioning electric 
heating elements can be used to provide moisture by the evaporation 
of water, or for controlling air washer dew-point temperatures when 
mounted as preheating units on the intake side of the air washer. (See 
Chapter 21.) 

In coordinating the input of heat energy and the volume of air circu- 
lation, a basic difference between electric heating and steam heating 
enters into the problem. Steam is approximately a constant- temperature 
source of heat for any given pressure and a change in air volume flowing 
oyer steam coils does not greatly affect the temperatures of the delivered 
air. The amount of steam condensed (heat input) varies in proportion to 
the air volume, but the surface temperature of the steam coils remains 
about the same. Electric heat is quite different, having a constant input 
of energy. If the volume of air flow over electric heating elements is 
changed, and no change is made in the electrical power connections, there 
will be a corresponding change in the temperature of the air delivered. 
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This occurs because the electrical energy input remains constant and the 
surface temperature of the heating elements will vary as is necessary to 
force the air to accept all the heat. With electric heat the total heat is 
constant unless some compensating action is performed by control. Auto- 
matic variation of the electrical heat input synchronized properly with 
the air flow can be successfully accomplished by various special methods 
of control. 

Electric heaters are useful in balancing the heat distribution in central 
fan heating systems. Even in those instances where steam is the principal 
heat source, the temperature of individual rooms can be controlled locally 
by separate electric booster heaters. These heaters can be installed in 
branch ducts or behind the air outlet grilles in each room. With this 
arrangement, the central heating unit distributes air at an average temper- 
ature, controlled from a thermostat centrally located, such as in the main 
return duct. The electric booster heaters may be controlled by thermo- 



Fig. 4. Resistance Type Boiler for Steam or Hot Water 


stats mounted in each individual room which permit the occupant to 
maintain any desired temperature independent of the rest of the building. 

ELECTRIC BOILERS 

Steam or hot water generating boilers using electric energy are entirely 
automatic and are well adapted to intermittent operation. Small electric 
boilers usually have heating elements of the enclosed metal resistor type 
immersed in the water. Boilers of this construction may be used either 
with direct or alternating current since the heat is delivered to the water 
by contact with the hot surfaces. To lessen the likelihood of the heating 
elements burning out, they should be of substantial construction, with a 
low heat density per unit of surface area and provision should be made for 
cleaning off desposits of scale which restrict the heat flow. A typical 
resistance type of steam or hot \yater boiler is shown in Fig. 4. 

Large electric boilers are usually of the type employing water as the 
resistor, using immersed electrodes. With this type only alternating 
current can be used, as direct current would cause electrolytic deteriora- 
tion. Such a type of electrode boiler is shown in Fig. 5. 
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Electric steam boilers are useful in industrial plants which require 
limited amounts of steam for local processes, and also for sterilizers, 
jacketed vessels and pressing machines which need a ready supply of 
steam. It sometimes is economical to shut down the main plant fuel 
burning boilers when the heating season ends, and to supply steam for 
summer needs with small electric steam boilers located close to the 
operation. In general, electric steam heating is confined to auxiliary or 
other limited applications. If the heating system is designed to use 
electricity exclusively, steam generating or distributing equipment is 
superfluous. 


ELECTRIC HOT WATER HEATING 

Electric water heating, using an electric boiler in place of a fuel burning 
boiler, like electric steam heating, is generally confined to auxiliary or 



other limited applications. The use of insulated water storage tanks, in 
which to store heat generated by electricity during off-peak hours at 
extremely low rates, is a development which has some special applications. 

In this system of heatipg, the primary storage tank is simply a large, 
well-insulated, pressure type steel tank, equipped with electric heating 
elements and automatic time switches, which also have automatic limit 
controls for temperature and pressure. The heating system installed in 
the building may be of any standard individual radiator or fan-served 
indirect type or with provisions for the heating and humidification phases 
of an air conditioning system. A system of this kind requires very careful 
design to avoid excessive overall radiation losses during periods of low 
heat demand. It is also important to provide for sudden changes in heat 
demand. A typical hot water heating boiler is illustrated in Fig. 4. 
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HEATING DOMESTIC WATER BY ELECTRICITY" 

Electric water heaters of the automatic storage type for domestic hot 
water supply are simple and reliable. In many sections of the country 
low electric rates have been established by the electric utilities to secure 
this load. In some localities, electric rate schedules divide the current 
used for water heating into two classifications, regular and off-peak. A 
time switch automatically limits use of the off-peak heating element to 
the hours of off-peak load, while the regular heating element is a stand-by 
at all times. Storage of this two-element type of water heater is larger 
than average to carry over the periods when the off-peak element is timed 
out, without too frequent demands on the regular heating element which 
takes the higher domestic lighting service rate. Some utilities now offer 


Cold water 


To drain 


Bare tempering tank 



Dram 

Fig. 6. Piping Arrangement for Fig. 7. Domestic Hot Water 
Connecting Electric Water Heater for Off-Peak 

Heater to Fire-Box Coil Service 


a schedule which, beyond a stipulated minimum, lowers the rate for all 
electric service if an electric water heater is installed. 

Competition with other fuels, especially gas, seems to be the major 
controlling factor in the use of electricity. The first cost of electric 
storage heaters is also greater thain for gas, owing to the need for larger 
tank storage due to off-peak service and slower recuperating capacity. 

In residential work, to effect a saving in the cost of operation, it is 
sometimes desirable to use a furnace coil or indirect heater in connection 
with an electric water heater. In this case it is important to make the 
proper connections in order to benefit by any heat obtained from the 
furnace and at the same time to prevent dangerous overheating. The 
proper piping connections are shown in Fig. 6, and in this case the electric 
heater will only furnish heat when insufficient heat is supplied from the 
furnace. This arrangement has a further advantage in the summertime 
in that the bare tank through which the cold water passes on its way to 


^Test Results of Electric Water Heaters, by C. G. lEllier (A.S.H.V.E. Journal Section, Heating, Piping 
and Air Conditioning, November, 1936, p. 632). Fourteenth Range and Water Heater Survjey (Electric 
Light and Power, August, 1940), 
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the electric heater serves as a tempering tank, absorbing heat from the 
basement air and requiring the use of less energy in the electric heater. 

A typical domestic hot water heater as shown in Fig. 7 is arranged with 
upper and lower heating elements for the usual type of off-peak heating 
service. The lower heating element is under the control of the off-peak 
time switch. However, the upper heating element is usually connected 
to the line so that in case the supply of hot water in the tank becomes 
exhausted the top thermostat can turn on the top heater and heat a small 
supply of water. The top heater will not heat the water in the tank 
below its location, but when the off-peak period arrives the lower heater 
is turned on and the entire tank becomes heated. 

RADIANT DRYING 

Lacquers and similar surface films can be very effectively dried by 
radiation. Special electric lamp bulbs have been developed which give off 
a high percentage of infra-red and similar heat rays^. These are mounted 
in very efficient reflectors. For continuous manufacturing processes these 
reflectors are mounted in tunnels through which conveyors pass. For 
local applications, as for example paint drying in automobile repair shops, 
they may be mounted on portable racks. 

In the application of this type of drying the composition of the paint 
or lacquer is important. In general, lacquers and those enamels using 
synthetic resins react most favorably. Other applications include the 
drying of ink, glue, and water, the softening of celluloid and bakelite for 
punching or shearing^ and a wide variety of other uses. 

REVERSED CYCLE REFRIGERATION 

Reversed refrigeration is frequently referred to as a heat pump since the 
electric motor driving the refrigerating compressor furnishes the motive 
power to transfer heat from one temperature to a higher temperature 
level. The compressor acts as a reversible refrigerating unit to extract 
heat from the outdoor air in winter and deliver it indoors for heating 
purposes, and, by a reversal, to extract heat from the indoor air in summer 
and discharge it outdoors. 

In normal use a refrigerating machine is arranged to remove heat and 
the heat removed is dissipat^ to the condenser cooling water. The 
driving energy is converted into heat, most of which is added to the heat 
removed and extracted. In so-called reversed refrigeration the heat 
removed together with the heat converted from the driving energy is 
utilized to heat the building. This conservation of the heat converted 
from the driving energy enables the reversed refrigeration to show a 
better performance in heating service than straight refrigeration can show 
in cooling service. In order to overcome the drop in capacity and in 
efficiency with lower outside temperatures, it is often desirable to use 
well-water instead of air as the source of heat. For a detailed description 
of this cycle see Chapter 25. 


»Infra-Red Lamps Speed Up Drying Operations {Automotive Industries 82:376-7; April 15, 1940). 
Invisible Rays Build Visible Profits, by H. M. Archer {Electric Light and Power, May, 1940). Radiant 
Energy Drying and Baking for Organic Finishing {Metal Industry 38:294-6; May, 1940). 
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AUXILIARY ELECTRIC HEATING 

In conjunction with heating systems of other types, an auxiliary elec- 
tric heating arrangement is a convenient means of caring for mild days 
in the spring and fall which require little heat to make a building com- 
fortable. Likewise, such electric heating might be used on abnormally 
cold days to help out the main heating system and by this means reduce 
the necessary size of the system. 

A few installations have been made using electric heating cable buried 
in the floors of bathrooms, etc., to provide auxiliary electric heating. At 
least one airplane hangar is heated in this manner. 

Because of the feeling of comfort that a radiant type heater gives, 
bathrooms may be heated electrically with this type of heater while the 
rest of the house is cared for by some other system. Offices and rooms 
which require heat at periods when the main heating plant is shut down 
can be conveniently heated electrically. 

CONTROL 

Because the efficiency of electric heat production is the same for 
small and large units, it is possible to reduce heat waste to a minimum 
by applying local heating, locally controlled. Heaters are often controlled 
manually but thermostatic control is essential for economical operation. 
For duct systems having a variable volume of air flow the electric heater 
control must automatically vary the heat input in coordination with the 
changes in air volume and demand for heat. 

CALCULATING CAPACITIES 

The electric heating capacity required can be calculated from the heat 
requirement in Btu per hour by using the equation : 

" = kw rating of required electric heating (1) 

For comparison with steam radiation: 

1 kw = = 14.2 sq ft of steam radiation (2) 


POWER PROBLEMS 

The cost of electric energy varies because of several factors. Distribu- 
tion costs differ for large and small users. The fact that electricity cannot 
be economically stored, but must be used as fast as it is generated, makes 
it impossible to operate electric plants at uniform loads; hence, even the 
time of use may affect the cost of electricity. Special low rates are some- 
times available during certain prescribed hours of use. 

Since the cost of production and distribution depends not only upon 
the quantity of energy used but also upon the maximum rate at which it 
is used, electric energy is often sold on a demand rate basis. In some 
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cases, the demand charge is based upon the rated connected load, in 
other cases, upon the maximum demand as indicated by a demand meter. 

Homes are almost universally supplied with lighting current of 115 
volts, which can only be used economically for small heaters. Usually 
the service lines will not permit more than plug-in devices. The Under- 
writers permit approved heaters of 1320 watts or less to be plugged into 
approved baseboard receptacles, but such heaters cannot be served on a 
circuit supplying much other load without overloading the fuses. There 
is an increasing trend toward supplying homes with three wire 115/230 
volt service. Where homes have such service, larger heaters can be 
installed. For industrial purposes, heaters should be designed to use 
polyphase power, which is usually supplied at 220, 440 or 560 volts. All 
polyphase heaters should be balanced between phases. 

REFERENCES 

Electric Elements Well Adapted to the Air Conditioning Heating Cycle, by L. P. 
Hynes {Heatings Piping and Air Conditionings January, 1940, p. 29). 
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Electric Heat for the Bathroom Floor {Heating and 36:41; December, 1939). 

Electric Heat Spreads in Sunny Climes {Barron's National Financial Weekly 20:5; 
January 8, 1940). 
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Chapter 45 


RADIANT HEATING 


Physical and Physiological Factors^ Control of Heat Losses^ 
Rate of Heat Production, British Equivalent Temperature, 
Application Methods, Calculation Principles, Mean Radiant 
Temperature, Measurement and Control of Radiant Heating 


F )R health and comfort, it is necessary for the rate of heat loss from 
the human body to be controlled by the aggregate effect of the 
conditions surrounding the body, so that the physiological reactions result 
in a feeling of comfort. No heating system serves the purpose of adding 
heat to the individual, but only reduces the net rate at which the body 
loses heat in cold weather by radiation, convection and evaporation. In 
convection methods of heating, the medium serves to maintain such an 
air temperature as will give comfort under existing conditions of humidity 
and of surrounding surface temperatures. The object of radiant heating, 
on the other hand, is to maintain an average temperature of the sur- 
rounding surfaces which will prevent too much heat loss from the 
human body by radiation, and thereby give comfort without needlessly 
heating the air. The difference between convection heating and radiant 
heating is therefore partly physical and partly physiological. 

On a cool spring day while standing in the sunshine, one may feel 
perfectly comfortable but, when a cloud passes over the sun, one will 
instantly feel much cooler. A shielded thermometer will show no im- 
mediate reduction in air temperature, so that one actually feels a cooling 
effect which an ordinary thermometer cannot register. This is because 
light and heat waves travel at the same speed and are both interrupted 
by the cloud, or other shield. This proves that heat rays affect the 
comfort of the body more quickly and more definitely than does air 
temperature. 

It also proves that an ordinary thermometer registering the tempera- 
ture of the air is not a criterion of comfort conditions. Healthful comfort 
requires that heat shall escape from the body at the same rate as it is 
generated by the oxidation of food in the body, and in a manner suitable 
to physiological requirements. 

Furthermore, the ambient conditions will often cause changes both in 
the rate of heat generation in the body, and in the operation of the several 
methods by which the body loses heat. The feeling of heat or cold results 
not only from the rate at which the body loses heat, but also from the 
manner in which the heat is abstracted from the body, and the ease with 
which the body's heat regulating mechanisms can operate. If the con- 
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ditions of the environment and the state of the body are not perfectly 
correlated, a person is vaguely conscious of a strain in the thermostatic 
body mechanism. 

CONTROL OF HEAT LOSSES 

Heat is transferred from any warm dry surface to cooler surroundings 
principally by convection and by radiation; the total loss is substantially 
the sum of these two. Where the surface is moist, as with the human 
body, heat is also lost through evaporation from both the body surface 
and the respiratory tract. 

The rate of heat loss by convection depends upon the average tempera- 
ture difference between the surface of the body and the surrounding air, 
the shape and size of the body, and the rate of air motion over the body. 

The rate of heat loss by radiation depends upon the exposed surface 
area of the body, and upon the difference between the mean surface 
temperature of the body and the mean surface temperature of the sur- 
rounding walls or other objects. This latter temperature is called the 
mean radiant temperature (MRT). 

Because these two types of heat loss supplement each other, a required 
rate of total heat loss can result either from a relatively low air tem- 
perature and a relatively high MRT, or vice versa. It must be clearly 
understood, however, that while some conditions stimulate the production 
of heat in the body, others merely dissipate the heat without controlling 
the generation of heat. 

A heating installation should provide comfort for those individuals 
doing the least physical work, without causing undesirable changes 
either in the rate of heat generation, or in the body’s heat regulating 
mechanism. 

Rate of Heat Production 

The normal rate of heat production in an average sized sedentary 
individual is about 400 Btu per hour. The heat production for persons 
subjected to various rates of activity is given in Chapter 2. When con- 
sidering radiant heating, one must study separately the evaporation, 
radiation and convection losses. The human body is of complicated 
shape, and radiation takes place freely only from the exposed outer 
surfaces; there are considerable portions of the body such as the legs, 
arms, lower part of head, etc., which radiate most of their heat to other 
portions. It is necessary to determine the equivalent surface of the body 
from which heat is radiated and a similar value for convection. The total 
surface may be assumed as approximately 19.5 sq ft for convection and 
15.5 sq ft for radiation, in an average sized individual. 

The loss by evaporation and respiration depends on the temperature 
and area of the moist surfaces (outside and respiratory) of the body, the 
air temperature, air movement and humidity. In air at a temperature 
of 70 F, this loss for a sedentary individual of average size will be approxi- 
mately 90 Btu per hour; and at 60 F, about 70 Btu per hour. These 
values are relative, because the total will vary materially with change of 
position, bodily activity, age, sex, race, etc. 

The balance of the heat generated in the average human body (approxi- 
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mately 300 to 320 Btu per hour at about 70 F room temperature) is the 
approximate amount of heat given off by radiation and convection. It 
is difficult to determine the exact proportions of these two; but it appears 
that if the body losses are about 190 Btu per hour by radiation (or 12.25 
Btu per hour per square foot of radiating body surface), the greatest 
comfort will result. This leaves about 120 Btu per hour to be lost by 
convection (or 6.01 Btu per hour per square foot of convecting body 
surface). 

The mean surface temperature of the human body, including the whole 
area not only of exposed skin but also of clothing and hair, has been 
estimated variously at from 76 F (particularly in England) up to as high 
as 83 F (in America). It is, however, conceded that further research and 
experience will be needed to finally derive the most suitable value for the 
American climate. The final figures will vary with sex, age, clothing, 
etc., but will probably come between these extremes. From installations 
already in use in America an average surface temperature of 80 F appears 
to be more nearly correct. 

The mean surface temperature of an inert body, w^hich will cause given 
rates of heat loss by radiation and by convection in a uniform environ- 
ment, having a given air temperature and a given mean wall temperature, 
may be calculated from fundamental equations^ for radiation and natural 
convection, with substitution of comparable cylinders for the irregular 
human body. 

8,- 0,1730. [@)‘-(|5)‘] ID 

/ 1 \ 0.2 /I \ 0.181 / \ 1.266 

20 = 1.235 (i) x(j^) x(rs-r.) (2) 

where 

Qt — heat loss by radiation, Btu per square foot per hour. 

2c *= heat loss by convection, Btu per square foot per hour. 

Ts = absolute temperature of the body surface, degrees Fahrenheit. 

Tw = absolute temperature of the walls, degrees Fahrenheit. 

Ta = absolute temperature of the air, degrees Fahrenheit. 

^ _ Ts -1- Fa 

im - 2 

D = diameter of cylinder, inches. 
e — the ratio of actual emission to black body emission. 

If it is assumed that an average adult has a height of 5 ft 8 in. a body 
surface of 19.5 sq ft for convection, and 15.5 sq ft for radiation, an 
equivalent effect can be worked out for two cylinders, 5 ft 8 in. high by 
13.15 in. diameter and 10.45 in. diameter, respectively. However, while 
the effects on a cylinder (of a particular size and shape) may be used to 
estimate average similar effects on the human body, it should be re- 
membered that the heat loss from the body varies greatly. Every 
movement alters not only its shape, but also the velocity of the air passing 
over it and the surface exposed to radiation. This fact renders the results 
of any such computation only approximate. 

^Surface Heat Transmission, by R. H. Heilman ^A*S,M.E. Transations, Fuels and Steam Power Section^ 
Vol. 51, No. 22, September-December, 1929). 
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BRITISH EQUIVALENT TEMPERATURE 

The British Equivalent Temperature (BET) is the mean temperature 
of the entire environment which is effective in controlling the rate of 
sensible heat loss from a black body in still air when this body has a surface 
temperature equal to that of the human body, and a size comparable to 
the human body. The BET is, therefore, a function of both the air tem- 
perature and the mean radiant temperature of the surrounding objects. 
Its numercial value in a uniform environment (walls and air at the same 
temperature) is equal to the temperature of the walls and air. In a non- 
uniform environment (walls and air at different temperature), the BET 
for America is at present considered to be equivalent to that of a uniform 
environment in which a body with an 80 F surface temperature will lose 
sensible heat at the same rate as in the given non-uniform environment. 
As originally defined (in England) the BET was based on an average 
body surface temperature of 75 F, while 80 F seems to be more nearly 
conforming with American conditions. The most suitable temperature 
to assume will depend in part on the clothes worn by the individual. 
This explains why ladies in evening dress require a higher BET for 
comfort, than a man having only hands and head uncovered. The higher 
the BET, the less the heat loss from the body, as the rate of heat loss in 
still air is approximately proportional to the difference between the BET 
and the mean body surface temperature. 

If the BET were 80 F, there could be no sensible heat loss from a 
surface at that temperature; so the temperature of a normal body surface 
would have to rise to a point where the heat generated in the tissues 
could be dissipated. Broadly speaking, it may be stated that with a 
BET of about 65 F to 70 F, the sensible heat losses from the assumed 
average individual will approximate those stated on page 800. 

APPLICATION METHODS 

There are several methods of applying radiant heating, as follows: 

1. By warming the interior surface of the building.. Pipe coils are embedded in the 
concrete or plaster of the walls or ceilings, the heating medium being hot water circu- 
lating through the pipe coils. These coils are generally constructed of small pipe H or 

in. I.D. and spaced about 6 in. to 9 in. apart (Fig. 1). This has the effect of warming 
the entire concrete or plaster surface in which the pipes are embedded. Since the tem- 
perature of the heating medium should never exceed about 130 F (due to the possibility 
of cracking the plaster) the area of the warmed surface must be sufficient to supply the 
requisite quantity of heat at this low temperature. When carefully designed, this 
method produces very comfortable results and great operating economy, but offers some 
slight obstacles when alterations or additions to the building are desirable. Normally 
the hot water circulation is maintained by means of a circulating pump and facilities 
have to be provided to eliminate all air at the top of the system. All coils and circulating 
pipes are welded together and tested after erection to a hydraulic pressure of 300 lb 
per square inch. 

2. By placing hot water or steam pipes under the floor. With this arrangement the 
whole floor surface of a room is raised to a temperature sufficient to give comfortable 
conditions. This method is recommended for schools and hospitals where large quanti- 
ties of outside air are desirable (Fig. 2). In some cases special floors are constructed in 
sections so that a whole floor can be lifted to examine the pipes installed under the floor. 
The floor surface may be of concrete, wood blocks, marble or any other material unaf- 
fected by heat. Pipes under the floor may be larger than those embedded in the floor or 
in the plaster walls and ceilings. 
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3, By circulating warm air through shallow ducts under the floor. In this design the 
entire floor surface of a room is heated as in Fig. 3. This method was used 2000 years 
ago in many parts of the Roman Empire. While this method is more expensive in con- 
struction, it is effective and quite suitable for cathedrals and large public buildings. 
To provide a uniform floor temperature, one should give special consideration to the 
design of the air ducts so that equal heat distribution is obtained. 
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With flat plate panels it is common practice to use a frame of plaster, wood, metal or 
composition to allow for expansion. These plates may be heated with either hot water 
or steam and connected as an ordinary radiator system (Figs. 4 and 5). 

5. By electric heated metal plates or panels. These plates or panels are either placed 
in insulated recesses of walls or ceilings or fastened to the construction, as found desirable. 



Air ducts in floor space 


Fig. 3. Diagram of Air Ducts for Floor Heating 




Fig. 5. Flat Type Panel Installed in Wall Recess 


They should not have a surface temperature much above 200 F; some have a much 
higher surface temperature but a lower temperature gives a more comfortable condition 
and is more efficient. 

6. By electrically heated tapestry mounted on screens and on the wall. For this purpose 
the screen is woven with an electric continuous conductor. Such screens are useful to 
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plug in at any position for emergency local heating without taking care of a large room 
or office. 

Note, If all of a heating panel is installed at one end of a large room there may be 
a marked difference between the BET on the two sides of the body. It is usually desir- 
able, therefore, that the heat be distributed at different parts of the walls and ceilings 
so that no uncomfortable effect W’ill be felt from unequal heating. 


CALCULATION PRINCIPLES 

The calculations for radiant heating are entirely different from those 
for convective heating. The purpose of the latter is to determine and 
compensate for the rate of heat loss from the room, when the air tempera- 
ture is maintained at the desired conditions. Radiant heating, however. 


Table 1. Total Radiation to Surroundings at Absolute Zero®- 


Bodt 

OB 

Mean 

Radiant 

Tbmpeb> 

ATURB 

Deg 

Fa£ 

Radiation in Btu per square foot per hour 
emitted to surroundings with a tempera- 
ture of absolute zero by bodies at various 
temperatures and with emissivity factor e 

Body 

OB 

Mean 

Radiant 

Temper- 

ATUBB 

Deg 

Fahr 

Radiation in Btu per square foot per hour emitted 
to surroundings with a temperature of alfflolute 
zero by bodies at various temperature and 
with emissivity factor « 

€ 

j 1.00 

e 

0 95 

e 

0.90 

e 

0 80 

e 

100 

e 

0.95 

0.90 

0.80 

30 

99.3 

94.3 

89.4 

19 A 

71 

136.5 

129.6 

122.9 

109.3 

35 

103.5 

98.3 

93.2 

82.8 

72 

137.4 

130.5 

123.6 

109.9 

40 

107.6 

102.4 

96,8 

86.1 

73 

138.4 

131.5 

124.5 

110.6 

45 

112.1 

106.5 

100-9 

89.7 

74 

139.6 

132.6 

125.6 

111.7 

46 

i 112.9 

107.3 

101.6 

90.4 

75 

141.0 

133.9 

126.9 

112.8 

47 

113.9 

108.2 

102.5 

91.1 

80 

146.6 

139.4 

132.0 

117.4 

48 

114.8 

109.1 

103.4 

91.9 

85 

152.3 

144.6 

137.1 

121.9 

49 

115.6 

109,9 

104.1 

92.4 

90 

157.9 

149.9 

142.1 

126.4 

50 

116.5 

110.6 

104,9 

93.2 

100 

169.6 

161.1 

152.6 

135.7 

51 

117.5 

111.6 

105.8 

94.0 

110 

181.6 

172.5 

163.5 

145.4 

52 

118.4 

112.5 

106.5 

94.7 

120 

194.8 

185.0 

175.4 

155.9 

53 

119.4 

113.4 

107.4 

95.5 

130 

210.1 

199.6 

189.1 

168.1 

54 

120.2 

114.2 

108.2 

96.2 

140 

223.2 

212.1 

201.0 

178.5 

55 

121.1 

115.1 

109.0 

96.9 

150 

237.1 

225.2 

213.5 

189.7 

56 

122.1 

116.0 

109.9 

97.7 

160 

251.1 

238.8 

226.0 

201.0 

57 

123.1 

117.0 

110.9 

98.5 

170 

270.5 

257.0 

243.5 

216.4 

58 

124.0 

117.8 

111.6 

99.2 

180 

288.0 

273.8 

259.1 

230.4 

59 

124.9 

118.6 

112.4 

99.9 

190 

306.5 

291.0 

275.8 

245.1 

60 

125.8 

119.5 

113.4 

100.7 

200 

325.2 

309.0 

292.8 

260.3 

61 

126 6 

120.3 

114.0 

101.4 

210 

348.0 

330.6 

313.1 

278.4 

62 

127.7 

121.4 

114.9 

102.2 

220 

371.5 

353.0 

334.4 

297.1 

63 

128-6 

122.2 

115.8 

102.9 

250 

437.8 

415.9 

394.0 

350.2 

64 

129.6 

123.1 

116.7 

103.7 

300 

575.0 

546.1 

517.5 

460.0 

65 

130.5 

124,0 

117.5 

104.4 

350 

740.0 

703.0 

666.0 

592.0 

66 

131.6 

125.0 

118.4 

105.4 

400 

942.1 

895.0 

847.5 

753.5 

67 

132.5 

125.9 

119.3 

106.0 

450 

1176.0 

1117.0 

1059.0 

941.0 

68 

133.5 

126.8 

120.1 

106.8 

500 

1464.0 

1390.0 

1318.0 

1171.0 

69 

134.5 

127.8 

121.1 

107.6 

550 

1791,0 

1701.0 

1613.0 

1434.0 

70 

135.5 

128.8 

121.9 

108.4 

600 

2405.0 

2284.0 

2165.0 

1925.0 


aThese factors are calculated from the formula 

/ 0.1730 X r* \ 

^ ^ V 100,000.000 ) 

where 

q = total radiation, Btu per square foot per hour. 
e = emissivity 

T - absolute temperature, degrees Fahrenheit. 
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involves the regulation of the rate of heat loss from the human body in 
its several forms. 

The first step in the calculations for radiant heating of a given room is 
to determine the desired MRT; the second, to decide on the location of 
the heated surfaces; the third, to establish the temperature at which the 
heating surface shall operate; the fourth, to compute the size of the 
heating surfaces required to produce this MRT ; the fifth, to calculate the 
actual heat loss from the room and to provide, if necessary, any additional 
convected heat beyond that given off by the radiant surfaces for the 
required number of air changes. If humidification is required, this must 
be considered similarly to a conventional air conditioning system, except 
that the air temperature of the room will be much lower and will therefore 
require less moisture. 

Mean Radiant Temperature 

If the entire interior surface of a room were at the same temperature, 
this would be the MRT. Such a condition seldom exists, because in 
different parts of a room, some surfaces are exposed to the outer air 
while others are adjacent to heated rooms. The actual surface tem- 
perature varies with the construction and exposure of different sides of 
the enclosures. It is therefore necessary to calculate the thermal mean 
of these interior surface temperatures. 

This is not the same as the arithmetic average of the various actual 
surface temperatures, but the radiant temperature which corresponds to 
the average of the several rates of heat emission (Btu per square foot) 
from the several surfaces. The emission at any given surface tempera- 
ture, for any stated emissivity factor can be obtained directly from Table 
1, while the emissivity factors for many materials may be found in Table 9 
of Chapter 3. For example, from Table 1 it can be determined that if the 
emissivity of the surface is 0.90 then 1 sq ft of surface at 50 F will emit 
104.9 Btu per square foot per hour to surroundings at absolute zero. 

Such a determination of the amount of radiant heating surface needed 
in a room (to maintain a desired MRT) requires knowledge of the type 
of heating, and of the temperatures of the unheated surfaces. The latter 
can be estimated from Fig. 6 which is based on an inside air temperature 
of 70 F. For other air temperatures the inside surface temperature will be 
proportional to the overall temperature difference. For example if the 
surface temperature is 60 F based on an inside air temperature of 70 F 
and an outside temperature of zero, the surface temperature for 65 F 
air will be 65 -t- 70 times 60 or 55.7 F. There will be some variation in 
surface temperature with emissivity, but, except in the case of reflective 
materials this may be neglected, as the variation due to ordinary building 
surfaces will be small. 

Detailed Computation Method 

Assuming the mean surface temperature of the exposed part of the 
human body and clothing to be 80 F and the emissivity factor to be 0.95, 
from Table 1 it can be determined that the body surface will give off 139.4 
Btu per square foot per hour to absolute zero surroundings. Since the 
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average human body releases approximately 12.25 Btu per square foot 
per hour by radiation, the mean radiant emission from the surroundings 
must be 127.15 Btu per hour with an average emissivity factor of 0.93 
which requires an MRT of approximately 71 F. If the body is covered 
less so that the mean surface temperature of the body is 85 F with an 
emissivity factor of 0.95, the correct MRT for the room should be 74 F. 
Consequently, for baths and similar rooms the MRT should be slightly 
higher than for offices, etc. The mean radiant emission from walls, etc., 
to give this desired rate can be determined from Table 1. Multiplying by 
the total surrounding area will give the desired total radiant heat effect. 
Therefore the MRT for an ordinary living room, office, or similar room to 
give comfort conditions is 71 F. 

The location of the surfaces is generally decided according to the type 
of building and its use. For high ceilings it is advisable to select floor 



Fig. 6. Curves for Estimating Inside Surface Temperatures of Outside Walls 

heating or install heated panels in the walls at low level. For exposed 
rooms it may be necessary to have some wall or ceiling panels in addition 
to floor heating. 

The temperature of the surface is controlled somewhat by the location. 
If the floor is chosen, then hot water pipes should be used as the medium; 
and the surface temperature should never be more than 85 F unless 
border heating is used. The latter comprises strips of heated surfaces 
where occupants will not usually rest their feet, such as portions of the 
floor adjacent to walls or windows, aisles of churches, halls, etc. If iron 
panels are used on side walls, etc., a surface temperature up to 160 F may 
be used with hot water as the heating medium. Vapor or low pressure 
steam may also be used with a maximum surface temperature of 180 F. 
For ceiling or other plaster heating, hot water pipes should be used with a 
maximum water temperature of 130 F giving a surface temperature of 
about 115 F. 
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Table 2. Highest Safe Surface Temperatures for Heating Panel 


Type of Panel 

Surface Temperature 
Deg F 

Plastered Ceiling (Pipes Embedded) 

115 

plastered Walls (Pipes Embedded) . . 

120 

Flonf^ Any 

85 

Floor, Border and Aisles 

120 

Iron, Hot Water Medium^... 

160 

Iron, Steam Vapor^. 

180 

Electrically H<^ated 

! 200 



«Low surface temperature radiation is recommended regardless of the heating medium employed. 


The area in square feet of each type or different surface temperature, 
horizontal or vertical, is multiplied by the emission value corresponding 
to its actual surface temperature. These products are added together to 
give the total radiant heat effect inside the room from all surfaces. 

The difference between the desired and the actual total radiant emission 
represents the additional heating effect which must be supplied by the 
hot surfaces to be installed. The temperature of the proposed hot surface 
must then be selected from Table 2, and its emission per square foot at 
that temperature determined from Table 1. The difference between this 
emission and that of the unheated surface replaced by the panel is 
divided into the total amount of additional heat needed, and the quotient 
will be the area of the required heating surfaces. 

It is evident that this method of calculation depends for its accuracy 
on a correct estimate of the ultimate surface temperatures naturally 
attained by the actual wall, window, ceiling and floor surfaces. 

Example 1. The surface areas, assumed temperatures, and emissions for a room 
having a volume of 5760 cu ft are given in Table 3. The figures for temperatures are 
based on a room air temperature of 65 F and an outside temperature of zero. The heat 
emissions in Btu per square foot per hour are taken from Table 1. 

The values for glass will depend on whether or not shades and curtains are provided. 
In offices and other similar rooms the whole glass surface will invariably be fully exposed 
to the occupants; whereas in a residence, curtains may cover part or the whole window, 
thus increasing the natural MRT and reducing the heat loss from the human body. 

The mean radiant emission of the room in Example 1 is 223,912 2016 = 111.0 Btu 

per square foot per hour which from Table 1 corresponds to an MRT of 54 F for an 
average emissivity of 0.92. 


Table 3. Surface Area, Temperatures and Emissions for a Room of 5760 Cu Ft 



Area 

SqFt 

Assumed 
Surface 
Temperature 
Deg F 

Emissivity 

Heat 
Emission 
Btu per Sq Ft 
PER Hour 

Total Heat 
Emission 
FROM Area 
Btu per Hour 

External Wall 

297 

50 

0.95 

110.6 

32,850 

Glass.__ 

279 

40 


86.1 

24;022 

Inner Wall- 

480 

60 

0.96 

119.5 

57,360 

Ceiling 

480 

60 

0.95 

119.5 

57,360 

Floor. 

480 

55 


109.0 

52,320 

Total 

2016 




223,912 
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In order to determine the amount of radiating surface necessary to maintain the MRT 
at 71 F, assume ceiling panels have a surface temperature of 115 F, which is approxi- 
mately the mean temperature for pipes embedded in the plaster with circulating water 
at 130 F as given in Table 2. With a ceiling surface temperature of 115 F and an emis- 
sivity of 0.95, from Table 1 the emission is 179 Btu per square foot per hour. 

The difference between 179 and 119.5 used in Table 3 is the extra Btu emitted by 
warmed ceiling, per square foot, and therefore 480 sq ft multiplied by (179 — 119.5) = 
28,560 Btu per hour. 

Therefore the total radiant heat emission with ceiling heated will be 223,912 28,560 

= 252,472 Btu per hour or an average emission of 252,472 ^ 2016 = 125.21 Btu per 
square foot per hour. With an average emissivity of 0.92 it is found from Table 1 that 



SURFACE TEMPERATURE, DEG FAHR 

Fig. 7. Heat Emission by Radiation from Panels when 
Surrounded by Surfaces of Various Temperatures 
Giving an Average MRT According to Curves 


this emission corresponds to an MRT of 70.5 F which is close to the 71 F necessary for 
optimum comfort conditions. 

If the MRT derived by this calculation had been much below 71 F, it would have 
been desirable to add either some floor heating or panels in side walls. On the other 
hand, metal panels might have been installed in the ceiling and operated at a higher 
temperature. 

Similar calculations may be used for any kind and surface temperature of panel 
selected by using the difference between the actual emission from the heated surface as 
obtained from Table 1 and the emission for the unheated surface as used in Table 3. 

Such calculations may be simplified, by preparing tables showing at the usual tem- 
peratures the area of hot surface required to bring each square foot of actual wall or other 
surface up to one or more desired standard MRT’s. 
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Assuming heat losses from the room in Table 3: 

Area Square Foot Btu per Hour 

297 External Wall (U = 0.25) 297 X 0.25 X 65 F - 4,820 

279 Glass (U = 1.13) 279 X 1.13 X 65 F = 20,476 

480 Inner Wall (next to heated room) 

480 Ceiling... (heated surface) 

480 Floor (U = 0.10) 480 X 0.10 X 65 F = 2,490 

5760 cu ft Infiltration Changes per hour 0 F to 65 F = 10,200 

Total 37,986 Btu per hour 

Therefore the total number of Btu per hour to be supplied to the room will be 
37,986 of which 10,200 will be for ventilation. 
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SURFACE TEMPERATURE, DEG FAHR 

Fig. 8, Heat Emission by Convection from Radiant Heat Panels with 
Still Air at Various Temperatures 


The ceiling with a surface temperature of 115 F and a surrounding MRT of the 
unheated surfaces of 54 F will emit 56 Btu per hour by radiation (see Fig. 7), and with 
an air temperature of 65 F will emit (50 X 0.48) = 24 Btu per hour by convection (see 
Fig. 8). 

480 sq ft X 56 = Total by radiation = 26,880 Btu per hour 
480 sq ft X 24 = Total by convection = 11,520 Btu per hour 

Total = 38,400 Btu per hour 

The difference between 38,400 and 37,986 Btu per hour gives a margin of 414 Btu 
per hour. 

Should more heat have been required for ventilation, this could have been supplied 
by adding wall panels or by introducing direct ventilation with air introduced to the 
room at the correct temperature. 
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MEASUREMENT OF RADIANT HEATING 

Convection heating, intended to maintain a given air temperature, is 
best measured by thermometric methods, which indicate the air tem- 
perature, and not the rate of heat loss from the human body. Radiant 
heating, on the other hand, aims to control this rate of heat loss and can 
be measured only by calorimetric methods. 

The apparatus for this purpose consists essentially of a cylinder, 
maintained at the accepted mean surface temperature of the human body, 
together with an accurate (usually electrical) measuring of the varying 
rate of heat supply required to maintain this exact temperature. This 
instrument, the eupatheo scope, is readily adapted to function like a 
thermostat so as to turn heat on or off, when the desired temperature of 
80 F, or any other predetermined surface temperature of the cylinder, 
decreases or increases as a result of changes in the BET. 

For testing work, the globe thermometer is a useful instrument. It 
consists of an ordinary mercury thermometer, with its bulb placed in the 
center of a sphere from 6 to 9 in. in diameter, usually made of thin copper 
and painted black and sometimes covered with cloth. The temperature 
recorded by therometer with its bulb in the center of the sphere is termed 
the radiation-convection temperature. 

CONTROL OF RADIANT HEATING 

The effectiveness of any control depends on the time lag of the system. 
With warm air passing through floor ducts the time lag is usually too long 
for a room thermostat, and with massive brickwork and masonry it is too 
long for any control except a time control operated by outside conditions. 
Hot water pipes embedded in the plaster of ceiling and walls or in the 
concrete of a floor may be effectively controlled by a suitable instrument 
which will control the temperature of the water circulating in the system 
by the outside conditions. Metal panels installed on the ceiling or side 
walls may be controlled by the outside weather conditions or by a room 
thermostat. 

One type of room instrument consists of a blackened copper sphere of 
6 or 8 in. in diameter, in which a cylindrical sump contains a volatile 
liquid. A small electric heating coil creates in the sphere a vapor pressure 
which remains constant as long as the total heat loss from the sphere is at 
the desired rate. If the BET becomes too high for comfort, a greater 
vapor pressure results from the smaller heat loss from the sphere. This 
acts on a diaphragm and turns down the supply of heat to the room. 
With too low a BET the reverse action occurs. A similar instrument 
which has an electric heating element for warming the air inside the sphere 
and thermostat operated switch is also used for controlling room con- 
ditions. 


FUEL CONSUMPTION 

Because of the lower air temperature necessary with radiant heating, 
there is a possible saving in fuel consumption. This saving depends very 
largely on the method employed to heat the surfaces and the provision 
made to prevent heat passing from the coils to the earth or outside air. 
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Chapter 46 


WATER SUPPLY PIPING AND WATER HEATING 


Maximum Flow, Factor of Usage, Water Pressure, Pipe Material, 
Allowance for Fittings, Sizing Up^Feed Systems, Sizing Down~ 
Feed Systems, Hot Water Supply, Storage Capacity and Heating 
Load, Methods of Heating Water, Computing Grate and Coil 
Surface Area, Controls 


T his chapter deals only with problems of providing adequate 
facilities for delivering cold and heated water for domestic purposes 
in buildings. 

The intensity of occupation and the amount of water used or wasted 
per occupant in buildings are subject to wide variation and present a 
complicated problem despite the rather exact knowledge available con- 
cerning hydraulic behavior as to friction, incrustation, heat transfer, etc. 
The designer’s most serious problem is to provide the piping and the 
water heating and storage facilities of sufficient capacity to meet the peak 
demand without wasteful excess in investment or radiation costs. 

For example, in two office buildings of similar type the metered water 
consumption has shown as much as 300 per cent difference per outlet. 
The rate of use in such buildings fluctuates tremendously with the hour 
of day, and therefore the design must be the result of adequate consider- 
ation of this and of the number of occupants, the number of water 
outlets, and the type of building occupancy. 

Residences present a comparatively easy problem since long estab- 
lished custom has evolved reliable factors for water consumption per 
installed fixture. Tests have been made repeatedly of the amount of 
water required by standard fixtures in normal use with water at ordinary 
pressures so that this information gives a fairly correct basis of design. 

For the purpose of this chapter the following terms will be used and 
should be clearly distinguished from one another: 

Maximum Flow: The flow which would occur if the outlets on all fixtures were opened 
simultaneously. This condition is seldom obtained in actual practice except in cases 
of gang showers controlled from one common valve. 

Probable Flow: The maximum flow which any pipe is likely to carry under the peak 
conditions. This is the most important amount to be considered in pipe sizing. 

Average Flow: The flow likely to be required through the line under normal con- 
ditions. 
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It is evident that any pipe size adequate to take care of the probable flow 
will also be more than ample to take care of the average flow, and hence 
the latter has no bearing on the pipe size. 

MAXIMUM FLOW 

An estimate of maximum flow for various fixtures regardless of type 
of building with the water at about 35 lb pressure is given in Table 1. 

To obtain the probable flow from Table 1, it is necessary to multiply 
the maximum flow by a factor of usage, and this factor varies with the 

Table 1. Approximate Maximum Flow from Fixtures under 
Normal Water Pressures 


FixTraas 

Cold Water 
(Gallons per 
Mutdte) 

Hot Water 
(Gallons per 
Minute) 

Water-closetvS, fliish 

45a 


Water-closets, flush tank.... ... 

10 


TTrinalSj fliish va1ve-r 

30a 

0 

TTnnfllSj flush tank 

10 


TTrinsls, aiitomfltTr. tank.., , 

1 

0 

TTrinals, perforated pipe per foot 

10 

0 

T.avatories , ... . , 

3 

3 

Showers, 4 in. heads, 3^ in. inlets 

3 

3 

Showers, fi in. he.ads or larger 

6 

6 

Needle hath . _ _ 

30 

30 

Shampoo spray -- 

1 

1 

TtVer spray - - -r . 

2 

2 

Manicure table. 

1J4 

5 

5 

Paths, tnh . _ 

TCitr-hen sink. __ _ . 

4 

4 

Pantry sink, ordinary 

2 

2 

Pantry sink, large bibb 

6 

6 

Slop sinks 

Wash tra 3 i^ 

6 

3 

6 

3 

I.ann dry tray 

6 

6 

Garden hose bibb __ __ _ 

10 

0 



aActual tests on M^ter-closet flush ralves indicate 40 gpm as the maximum rate of flow with 30 lb pres* 
sure at the valve; this would increase to 60 gpm (about 50 per cent) at 90 lb pressure. The 45 gpm has been 
taken as an average flow; possibly, with very low pressures just sufficient to operate the flush valve, 30 gpm 
could be allowed with safety. Urinal flush valves would vary proportionately in the same manner. 


type of occupancy and with the number of fixtures in the installation. 
With only two fixtures it is possible that both will at some time be in 
operation simultaneously. With 200 fixtures, however, it is unlikely 
that the entire 200 would ever operate at the same time. Consequently, 
the factor of usage becomes smaller as the number of fixtures becomes 
greater, all other things being equal. 

The maximum flow per fixture for cold water should be totaled inde« 
pendently of that for hot water, and the sum of the two may be used in 
computing the probable flow through the incoming cold water supply 
main. 

FACTOR OF USAGE 

The principal fixture subject to wide variation in water demand is a 
flush valve closet, though special consideration should also be given to 
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the demand of shower baths, especially in athletic clubs and in manu- 
facturing plants where the outgoing shifts create a heavy peak. 

The curves of Fig. 1 suggest a method of selecting a factor of usage. 
The curve at the left should be followed for hot water piping and for cold 
water if the system has gravity tank closets, while the curve to the right 
allows amply for the influence of flush valve closets. 

If the product of the number of fixtures in a building multiplied by the 
proper values in Table 1 totals 620 gal of water as the maximum flow, 
using flush tank closets, the factor of usage from Fig. 1 will be about 
23 per cent, and the probable flow will be 620 X 0.23 = 143 gpm. This is 
the first item to be determined in the design of a water supply system. 
In a building using 143 gpm no serious difference in the size of the main 
supply pipe would be occasioned by use of flush valves, since the factor 
of usage with the latter would be increased only to about 25 per cent 
or 155 gpm. 

The curves of Fig. 1 are believed conservative for toilet rooms in large 
office buildings which have early business hour peaks, especially in the 
men’s toilets, but may not be conservative enough for plants such as were 
mentioned previously where heavy peak demands occur during certain 
tathing hours. The proper usage percentage for such cases must be a 
matter of judgment and might properly approach 100 per cent. The 
average flow will usually be considerably smaller. 

Example L Assume that in a normal building, such as a residential hotel or an apart- 
ment house, there are 50 flush valve water-closets, 50 lavatories, 50 sinks and 50 baths, 
and that it is desired to determine the probable flow in a line supplying all of these 
fixtures with both hot and cold water. 

Cold Water 

50 W. C. X 45 gpm .2250 gpm 

50 Lavs. X 3 gpm 150 gpm 

50 Sinks x 4 gpm 200 gpm 

50 Baths X 5 gpm 250 gpm 

Maximum flow 2850 gpm 

Fig. 1 shows a factor of 
usage of 9 per cent. 

Probable flow of cold water is 

2850 X 0.09 - 257 gpm 


Hot Water 

60 Lavs. X 3 gpm 150 gpm 

50 Sinks x 4 gpm 200 gpm 

50 Baths X 6 gpm 250 gpm 


Maximum flow 600 gpm 

Fig. 1 shows a factor of 
usage of 23 per cent. 

Probable flow of hot water is 600 X 0.23 138 gpm 

Total for main supplying cold 
and hot water (2850 4* 

600) X 0.08. 276 gpm 

It should be noted that this is a rate of flow or 
an instantaneous demand. 


WATER PRESSURE 

The usual practice in buildings of moderate height is to place the water 
supply mains near the basement ceiling, with up-feed risers feeding the 
various fixtures on the superimposed stories. In tall buildings the pressure 
due to the weight of the water becomes so great as to limit the service to 
vertical sections not exceeding about 20 stories in height. Beyond this 
approximate limit the valves on the lower stories will be noisy and the 
piping should be extra strong. 

For these reasons, the considerations of this chapter are limited to 
horizontal mains and to risers which serve not more than 20 stories. In 
taller buildings it is usual to install separate horizontal mains for each 
rsuperimposed zone, served by extra strong main risers. 
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The minimum practicable size of piping for any water system^ is 
governed by the amount of pressure which can be spared in overcoming 
resistance to flow of a given volume of water per unit of time. After the 
approximate amount of water required has been computed, a rninimum 
delivery pressure at the highest fixture may be determined. This will be 
approximately 15 lb per square inch for flush valve closets or 5 lb per 
square inch for gravity tank closets. It should be remembered that for 
every foot in height there wull be a hydrostatic loss of approximately 
0.433 lb. 

The pressure loss through a water meter may be significant as may be 
seen from Table 2. The pressure losses through filters or other water- 
conditioning apparatus must also be considered. After evaluating the 
previously mentioned factors, the total allowable friction loss for the 



Fig. 1. Chart Showing Relation Between Maximum Flow and Probable Usage 


system may be determined by subtracting from the street main pressure, 
the sum of the following four items: 

L Minimum allowable pressure at top fixture. 

2. Meter loss. 

3. 0.433 X height in feet from main to top fixture. 

4. Loss for filters, softener, etc. 

PIPE MATERIAL 

The material used in the water piping affects its carrying capacity. 
For example, copper or brass pipe is not as likely to retain interior 
incrustation aS is ferrous pipe, and galvanized pipe will not rust as quickly 
as uncoated pipe. Some waters tend to deposit salts, rust, and the like on 
the interior surfaces of pipes, greatly reducing their capacity. In some 
cities it has been found necessary to allow for as much as 50 per cent 
reduction in carrying capacity after 15 years of service. 

The data given in this chapter are based on use of galvanized steel 
piping and on water which is not notoriously inclined to leave deposit. 
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Minimum Size of Service Recommended 

Safe Maxevium Delivery op Meters 


Approx. Minimum Pipe Size of Service, 



Rate of 

Main to Meter (In.) 

METER 

Capacity, Gpm 

Flow 

Maximum Length (Ft) 

Size 

Based on 26 Lb Loss 

Gpm 


In. 

Through Meter 


30 75 100 150 200 



1-20 

H H 1 1 1 

Vs 

20 



H 

34 

20-30 

Ml 1 IM IM 

1 

53 



IH 

100 

30-50 

1 1}4 m iVz IH 

2 

160 

50-100 

iy2 IH 2 2 2 

3 

315 



4 

500 

100-150 

04 2 2 214 2H 

6 

1000 


aPressure loss through compound and current meters is less than shown in table. For exact information 
consult manufacturers. 


817 



RATE OF FLOW IN GALLONS PER MINUTE 


HEATING VENTILATING AIR CONDITIONING GUIDE 1942 



818 




CHAPTER 46. WATER SUPPLY PIPING AND WATER HEATING 


ALLOWANCE FOR FITTINGS 

Before applying charts for pipe friction, the resistance due to fittings 
and valves should be evaluated. Table 3 gives this resistance expressed 
in equivalent feet of straight pipe. To use Table 3, the size of the valve 
or fitting must be known. Table 3 is therefore of little use in the original 
design of a system, since the valve and fitting allowances must be made 
before the pipe size is known. Experience indicates, however, that an 
average increase of 60 per cent in the length of the longest measured pipe 
will account for the fittings, and thus a tentative length can be assumed 
for computing the pressure drop per 100 ft of run. The values of Table 3 
should always be used to recheck the exact equivalent length of the pipe 
after an approximate diameter has been selected and after the number of 
fittings has been determined. The allowable pressure drop per 100 ft of 
pipe may be determined by dividing the total allowable drop for the 
system by the equivalent length of the system in hundreds of feet. 


Table 3. Approximate Allowances for Fittings and Valves in 
Feet of Straight Pipe 


Size of Pipe 
(Inches) 

Type of Fitting or Valve 

90 Deg , 
Elbow ' 

45 Deg 
Elbow 

Tee in Run 
of Main 

Gate 

Valve 

Globe 

Valve 

Angle 

Valve 


2 

1 

1 

1 

17 

9 

H 

2 

1 

2 

1 

21 

12 

1 

3 

1 

2 

1 

29 

15 

IH 

4 

2 

3 

1 

38 

19 

m 

5 

2 

3 

1 

45 

22 

2 

5 

3 

3 

1 

58 

28 

23^ 

7 

3 

5 

2 

68 

34 

3 

8 

4 

6 

2 

82 

42 

4 

11 

5 

7 

2 

115 

56 

5 

14 

6 

9 

3 

140 

70 

6 

16 

8 

11 

4 

160 

85 


The pressure drop for various rates of water flow for standard size 
pipes is given in Fig. 2, This chart carries an allowance for reasonable 
roughness of the interior surface and for the effect of many years of 
service. The Saph and Schoder formulae have been proved conservative 
not only by the American Water Works Association but also by various 
tests conducted by the A.S.H.V.E. Committee on Research. 

Example 2. Assume a street pressure of 70 lb, the height of the highest fixture 50 ft, 
the length of the longest run 200 ft, the pressure at the top fixture 15 lb, and the pressure 
loss through the meter 10 lb. Without knowing the additional len^h of pipe to be 
added for the fittings it will be assumed that this is about 100 ft. The surplus pressure 
which will be available for pressure drop will then be 70 lb — (15 lb 10 lb 4- 50 ft X 
0.43 lb) = 70 lb - (15 lb + 10 lb + 21.5 lb) = 23.5 lb. 

To change this into drop per 100 ft: ' 2 ^ ft ft ” 

The pipe may then be sized from the probable flow by selecting a size that does not 
give a drop in excess of 7.8 lb per 100 ft. 
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METHOD OF SIZING UP-FEED SYSTEMS 

Example 3. A typical layout of cold water lines for a 3-story, nine-family apartment 
house is shown in Fig. 3. The branch to each apartment supplies 1 lavatory, 1 bath tub, 
1 flush valve closet, and 1 kitchen sink. Pressure in the street main is 70 lb per square 
inch and a minimum pressure of 15 lb per square inch must be maintained on the top 
floor. Find the sizes of all parts of the system. 

Solution'. The first step toward the solution of such a problem is the determination 
of the probable flow in the various parts of the system. In Section which supplies 
cold water to a single apartment, the maximum flow would be as follows; 


1 water closet 45 gpm 

1 lavatory 3 gpm 

1 tub 5 gpm 

1 sink 4 gpm 


57 gpm 

From Fig. 1, the probable usage for 57 gpm maximum flow in a mixed system is 100 
per cent. Therefore, Section A should be sized for 57 gpm. 



Section j 3, which supplies two apartments will have a maximum flow of 2 X 57 gpm 
= 114 gpm. From Fig. 1, the probable usage for 114 gpm is approximately 75 per cent 
and the probable flow in Section 3 = 114 X 0.75 = 86 gpm. 

Similarly, the probable flow in Section C is found to be 98 gpm. Since all risers in 
this particular example are supplying the same number of fixtures, the probable flow in 
risers 1 and 2 is the same as determined for riser 3. 

To determine the probable flow in Section E, add the maximum flow in risers 2 and 3, 
and multiply the sum by the probable usage for the sum, thus: 

(171^ + 171) X 0.35 = 120 gpm probable flow in E. Similarly, the probable flow 
in Section F is determined. 

It should be noted that the probable flow in E cannot be determined by adding the 
probable flow in risers 2 and 3. 

Initially it was decided to size only the cold water lines in this example, but it is also 
necessary to determine the maximum flow in line G to the water heater, since this is a 
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part of the water supplied by the cold water service line. Total hot water requirements 
are as follows: 

9 lavatories 9 X 3 = 27 gpm 

9 tubs 9 X 5 = 45 gpm 

9 sinks 9 X 4 = 36 gpm 

Maximum flow = 108 gpm 

The probable flow in all sections of the system are determined as described previously, 
and tabulated in Table 4. 

The next step in the solution is the determination of the allowable pressure drop: 


Loss in a 2 in. meter for 149 gpm, from Table 2 = 22 lb per square inch 

Hydrostatic head = 30 ft (30 X 0.43) ~ 13 lb per square inch 

Pressure at top fixture = 15 lb per square inch 

Total 50 lb per square inch 

Allowable pressure loss = 70 — 50 lb— = 20 lb per square inch 


To determine the allowable pressure loss per 100 ft of pipe, the longest run to the 
highest fixture must be used. In Fig. 3 this vrould be the length to the top fixtures on 
riser No. 3. The developed length from the meter to the top of riser 3 is 120 ft, and the 


Table 4. Summary of Results for Example 3 



aFrom curve for fixtures having no flush valves. 


equivalent length, allowing 50 per cent for fittings is 180 ft. The service line is 40 ft 
long, making a total equivalent length of 220 ft from the main to the farthest fixture. 
Since the service line is usually straight, no allowance has been made for fittings. 

The total allowable loss is 20 lb per square inch, and the developed length of piping 

20 X 100 

is 220 ft. Therefore, the allowable loss per 100 ft of pipe is 22 Q — “ 

Knowing the probable flow in all lines and the allowable loss per 100 ft of pipe, it is 
possible to determine the pipe sizes from Fig. 2 by reading the pipe size indicated at the 
intersection of the two known factors. Pipe sizes for all parts of the system are given 
in Table 4. 

Ordinarily the size above the intersection on the chart is selected. However, it is 
permissible to select a pifje slightly undersize if the next section of the line is oversize. 
This is illustrated in the sizing of sections A and The pipe size of 1 in. is slightly 
small for A , but 2 in. is enough oversize for 5, so that the average loss in the two is less 
than 9.1 lb per 100 ft. 

In this example, all risers have been sized for the same loss per 100 ft of pipe. Where 
the main is long it is frequently possible to increase the pressure drop per 100 ft of pipe 
in the risers near the meter, and thus reduce their size. For example, the total friction 
loss from the meter to the top of riser 1 in Fig. 3, could be as great as the total loss from 
the meter to the top of riser 3. However, all parts of the main must always be sized to 
assure sufficient pressure at the last riser. In a small system, such as shown in Fig.^ 3, 
no appreciable reduction in pipe sizes can be made by taking advantage of the possibility 
just described. 
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PIPE SIZES FOR DOWN-FEED COLD WATER SYSTEM 

The risers for down-feed systems may be reduced considerably in size 
compared with those for up-feed systems because of the 0.43 lb per foot 
gain in pressure due to increasing hydrostatic head as the lowest story 
is approached. It has proved practicable to select down-feed riser sizes 


Fig. 4. Typical Layout for 
Down-Feed System 



■ 197 4“ 

■ 255 5‘ 

282 

1 

197 

8th. 

4W.C.-F.V 

4" 2U.-F.V. 215 

^ 3 Uv. 

4" fW-C-F.V 122 

4 Lav. 

1 

1 

3"| 1 S. S. 

Fi 

166 

7th. 

. 4WC.-F.V. 

2 2U.-F.V. 211 

F* 3L3V. 

21" 6W.C-FV. 121 

^2 4Uv. 

2 1S.S 

145 

6th. 

, 4W.C.-F.V. 

2 2U.-F.V. 196 

^ 3Lav. 

2j|- 6W.C-FV. 120 

4 Lav. 

2" 1 S. S. 

117 

5th. 

. 4W.C.-F.V, 

2 2U.-F,V. 180 

^ 3 Lav. 

2" 6V.a-F.V. 

2" 1 S. S. 

25 

4th. 

1" 10 Lav. 160 

„ 4W.C.-F.V. 

2 2U.-F.V. 119 

^ 3Lav. 

„ 3W.C.-F.V. 

2 1 Lav. 

^ 1S.S. 

11 

3rd. 

f 1S.S. 130 

„ 4W.C.-F.V. 

2 2U.-F.V. 90 

3 Lav. 

2" 2 Lav. 

8 

2nd. 

f 1S.S. 98 

' 2W.C.-F,V. 

ij lU.-F.V, 89 

ILav. ■ 

iT 3W.C.-F.V. 

^ 1 Lav. 

4 

1 

f” 1S.S. 45 

1? 1W.C.-F.V. 4 

3 " 

4 1S.S. 


(i) (2) (5) 

on the basis of a pressure drop of 30 lb per 100 ft. The 13 lb difference 
between 43 lb per 100 ft and 30 lb per 100 ft will usually take care of the 
friction in the fittings. 

The overhead mains, however, must be selected conservatively, as the 
pressure at the top will be low and the pressure drop available for friction 
will necessarily be small. In nearly all tall buildings the pressure is 
limited to that due to the hydrostatic head between the house tank and 
the main, though sometimes this is increased by the use of a pneumatic 
house tank. 


Water Line 


House Tank"!'' 


House Supply 

— r- 

Fire Reserve 
— i_ 
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Where flush valves are used on top story closets the minimum practic- 
able difference in elevation between the overhead mains and the bottom 
of an open type house tank is 20 ft, and flush valves specially adapted to 
operate on about 7 Ib pressure must be used. In many installations 
gravity tank closets are used on the top story. 

Example 4- Suppose an installation has a house tank in which the water line is 20 ft 
above the level of the top fixtures to be supplied and that the length of run to the farthest 
fixtures on this level is 400 ft with the pipe fittings adding another 200 ft, making an 
equivalent length of 600 ft. What would be the size of main coming out of the tank 
where a probable flow rate of 400 gpm may be expected, of the horizontal main where a 
probable flow rate of 200 gpm may be expected, and of the riser down to the fixture level 
where the probable flow rate is approximately 100 gpm? 

Table 5. Typical Calculation of Pipe Sizes on Down-Feed Riser with 
Flush Valve Water-Closets and Urinals 

{Riser No. 1. Fig. 4) 


Floor 

OF 

Bldg. 

Fixtures 

ON 

Floor 

Gpm 

PER 

Fixture 

Maximum 

Gpm 

ON 

Floor 

Maximum 

Gpm 

ON 

Riser 

Usage 
(per cent) 

Probable 
Flow in 
Riser 
Gpm 

Allowable 

Drop 

Lb per 

100 Ft 

Pipe 

Size 

In. 

1st 

1 S. S. 

4 

4 

4 

100 

4 

30 

H 

2nd 

IS. S. 

4 

4 

8 

100 

8 

30 

H 

3rd 

1 S. S. 

4 

4 

12 

92 

11 

30 

H 

4th 


3 

30 

42 

58 

25 

30 

1 

5th 

4W. C. 

45 

180 







2U. 

30 

60 







3 Lav. 

3 

9 









249 

291 

40 

117 

30 

2 

6th 

4W, C. 

45 

180 







2U. 

30 

66 







3 Lav. 

3 

9 









249 

540 

27 

145 

30 

2 

7th 

4W. C. 

45 

180 







2U. 

30 

60 







3 Lav. 

3 

9 









249 

789 

21 

166 

30 

2 

Sth 

4 W. C. 

45 

180 







2U. 

30 

60 







3 Lav. 

3 

9 









249 

1038 

19 

197 

i 

2 

4 


Here the level of the water in the house tank is 20 ft above the faucet of the highest 
fixture and the gravity pressure will be 0.43 lb X 20 ft = 8.6 lb and, if a total pressure 
drop of 1 lb is assumed, the pressure on the farthest fixture under times of peak load 
will be 8.6 lb — 1 lb — 7.6 lb while the drop per 100 ft of equivalent run will have to be 

— = 0.1667 lb. 


Referring to Fig. 2 it will be noted that where the flow through the main is 400 gpm, an 
8-in. pipe would be required; that where the flow is reduced to 200 gpm, a 6-in. pipe 
would be sufficient; and that where the flow is 100 gpm in the riser branch and riser, a 
5-in. size would be correct. Of course these are somewhat excessive flows and the head 
from the tank is small so that large sizes are to be expected. It would be necessary to 
carry a 5-in. riser down to the branch of the top floor, then reduce to 4 in. for the branch 
to the floor below the top, and below this the pipes could be sized for a 30 lb drop per 
100 ft. In such a case, tank closets should doubtless be used on the top floor. 
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Had the tank been set 10 ft higher, the head available for friction, while still giving 
the same pressure at the top fixtures, would have been 0.43 lb X 10 ft or 4.3 lb greater 
and this, with the 1 lb drop used previously, would give a total allowable drop of 1 lb 
+ 4.3 lb = 0.3 lb which, divided by the 600 ft equivalent run gives a drop per 100 ft of 
5.3 X 100 _ n Q IK 
600 

With this drop, the sizes according to the chart (Fig. 2) are 6 in., 5 in., and 4 in., 
respectively. If the run is reduced to 200 ft instead of 600 ft, the allowable drop will 


Table 6. Typical Calculation of Pipe Sizes on Down-Feed Riser with 
Flush Valve Water-Closets and Urinals 


{Riser No, 2, Fig, 4) 


Floor 

OF 

Bldg. 

Fixtures 

ON 

Floor 

Gpm 

PER 

Fixture 

Maximum 

Gpm 

on 

Floor 

Maximum 
Gpm ! 
on 

Riser 

Usage 
(per cent) 

Probable 
Flow in 
Riser 
Gpm 

Allowable 

Drop 

Lb per 

100 Ft 

Pipe 

Size 

In. 

1st 

1 W. C. 

45 

45 

45 

100 

45 

30 

m 

2nd 


45 

90 








30 

30 








3 

3 









123 

168 

58 

98 

30 


3rd 

4 W. C. 

45 

180 







2U. 

30 

60 







3 Lav. 

3 

9 









249 

417 

31 

130 

30 

2 

4th 

4 W. C. 

45 

180 







2U. 

30 

60 







3 Lav. 

3 

9 









249 

666 

24 

160 

30 

2 

6th 

6 W. C. 

45 

270 







4 Lav. 

3 

12 









282 

948 

19 

180 

30 

2 

6th 

6 W. C. 

45 

270 







4 Lav. 

3 

12 









282 

1230 

16 

196 

30 

2H 

7th 

6 W. C. 

4 Lav. 

45 

3 

270 

12 

282 

1512 

14 

211 

30 


8th 

6 W. C. 

4 Lav. 

45 

3 

270 

12 

282 

1794 

12 

215 

2 

4 


be “ 2.7 lb per 100 ft. This gives 5 in., 4 in., and 3 in., respectively, 

for the flows of 400, 200, and 100 gpm. 

From Example 4 it is evident that, while the down-feed system possesses 
certain economies in size for the riser portion, it is quite likely to involve 
large distribution main sizes, especially when the tank is not elevated to a 
considerable degree. 

Example 5, Fig. 4 shows a typical down-feed layout with three risers extending eight 
stories and with the fixtures noted on each floor. This will be solved assuming that the 
level of the water in the house tank is 30 ft above the fixtures on the top floor, that the 
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length of run from the tank to the farthest fixture is 200 ft, equivalent length of fittings 
100 ft, and the pressure required at the fixture is 7 lb. 

The 30-ft head is equal to a static pressure of 0.43 X 30 or 12.9 lb per square inch and 
to maintain a pressure of 7 lb at the highest fixtures the drop allowable in pressure is 
12.9 — 7.0 lb or 5.9 lb. As the total equivalent run is 300 ft, this is a drop per 100 ft of 
1.97 lb, or practically 2 lb. Therefore, all risers and mains from the top floor back to the 
tank must be sized on the basis of a drop of 2 lb per 100 ft. Tables 5, 6, 7 and 8 show the 
schedule for Risers Nos. 1, 2 and 3 with the maximum flow taken from Table 1, the per- 
centage of use at the peak taken from Fig. 1, and the probable flow’ at the peak worked 

Table 7. Typical Calculation of Pipe Sizes on Down-Feed Riser with 
Flush Valve Water-Closets and Urinals 

{Riser No. S. Fig. 4) 


Floor 

* 

Bldg. 

Fixtures 

ON 

Floor 

Gpm 

PER 

Fixture 

Maximum 

Gpm 

ON 

Floor 

Maximum 

Gpm 

on 

Riser 

Usage 
(per cent) 

Probable 
Flow in 
Riser 
Gpm 

Allowable 

Drop 

Lb per 

100 Ft 

Pipe 
. Size 

In. 


1 S. S. 

4 

4 

4 

100 

4 

30 



3 W. C. 

45 

135 







1 Lav. 

3 

3 









138 

142 

63 


30 

IH 

3rd 

2 Lav. 

3 

6 

148 

61 

90 j 

30 

IH 

4th 

3 W. C. 

45 

135 







1 I^v. 

3 

3 







IS. S. 

4 

4 









142 

290 

41 

119 

30 

2 

5th 

1 S. S. 

Hi 


294 

mm 

120 

30 

2 

6th 

IS. s. 


^5 

298 

BH 

120 

30 

2 

7th 

IS. s. 

4 

4 

302 

40 

121 

_ 

2 

8th 

1 s. s. 

4 

4 

306 

40 

122 

2 

3 


Table 8. Size of Distribution Main for Down-Feed Systems (See Fig, 4) 


Riser 

No. 

Maximum 

Gpm 

Riser 

Maximum 

Gpm 

Main 

Usage 
(per cent) 

Probable 

Gpm 

Allowable 

Drop 

Lb per 100 Ft 

Size of 
Main 

In. 

1 

1038 

1038 

18 

187 

2 

4 

2 

1794 

2832 

9 

255 

2 

4 

3 

306 

3138 

9 

282 

2 

5 


out for each portion of the riser. Riser sizes are taken from Fig. 2, using a drop of 30 lb 
per 100 ft except on the riser from the top story back to the tank where 2 lb per 100 ft 
is the allowable limit. 

Since down-feed risers are nearly always sized for a pressure loss of 
30 lb per 100 ft, it is possible to arrange useful sizing data in tabular form. 
Fig. 6 shows a typical down-feed riser for a 20 story building. Table 9 
may be used for sizing such a riser of any height and for any probable 
flow up to 250 gpm. 

It should be noted that the two top floors in Fig. 5 are sized for less 
than 30 lb per 100 ft. Regardless of the height of the riser being sized, 
the two top floors of it should be sized from values given for the top floors 
of Fig. 5. 
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Table 9. Schedule of Sizes for Down-Feed Riser (See Fig. 5) 
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The same basic principles used in the design of cold water piping are 
also applicable to hot water systems. Hot water, like cold water, may 
be distributed by either up-feed or down-feed systems. 

It is common practice to provide circulation in a hot water supply 
system so that hot water may be quickly available when the faucet is 
opened. If this is not done, it is necessary to drain all of the cold water 
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from the lines between the faucet and the heater, before hot water can 
be obtained. 

Three common methods of arranging hot water circulating lines are 
illustrated in Fig. 6. Although the diagrams are for multi-story build- 
ings, arrangements a and b are also used frequently in residences. 

^ A check valve should be provided in the runout from each circulating 
riser to prevent temporary reversal of flow in the line when a faucet is 
opened. 

Proper air venting of a circulated system is extremely important, 
particularly if gravity circulation is employed. In Fig. 6a and 6b this is 
accomplished by connecting the circulating line below the top fixture 
supply. Air is thus eliminated from the system each time the top fixture 
is opened. Where an overhead main is located above the highest fixture, 



(a) (b) (c) 


Fig. 6. Methods of Arranging Hot Water Circulation Lines 

as in Fig. 6c an automatic float type air vent is installed at the highest 
point of the system. 

The supply riser in Fig. 6a would be sized exactly the same as an up- 
feed cold water riser. The sizing of Fig. 6b and 6c would involve calcu- 
lations for both up-feed and down-feed risers. Pressure loss in the 
overhead main would have to be considered in sizing the up-feed risers. 

The return line for a gravity circulating system should never be less 
than ^ in. Where supply risers are large or lines are long, larger circu- 
lating lines may be indicated. Pumps are frequently used in large sys- 
tems to provide positive circulation. 

It is sometimes necessary to make an allowance for pressure drop in the 
heater when sizing hot water lines. This is particularly true where 
instantaneous heaters are used. 

STORAGE CAPACITY AND HEATING LOAD 

In estimating the size of hot water storage tank required and the 
heating capacity to be provided either from the boiler or from an inde- 
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pendent domestic hot water heater, it is necessary to know the total 
quantity of water to be heated per day, and the maximum amount which 
will be used in any one hour, as well as the duration of the peak load. 

In cases where the requirements for hot water are reasonably uniform, 
as in residences, apartment buildings, hotels, and the like, smaller storage 
capacity is required than in the case of factories, schools, office buildings, 
etc., where practically the entire day’s usage of hot water occurs during a 
very short period. Correspondingly, the heating capacity must be pro- 
portionately greater with uniform usage of hot water than with inter- 
mittent usage where there may be several hours between peak demands 
during which the water in the storage tank can be brought up to tempera- 
ture. As a general rule it is desirable to have a large storage capacity in 


Table 10. Estimated Hot Water Demand per Person for 
Various Types of Buildings 


Type of 
Bxtilding 

Hot Water 
Required 

AT 140 F 

Max. Hourly 
Demand in 
Relation to 
Day’s Use 

Duration 
OF Peak 
Load 
Hours 

Storage 
Capacity in 
Relation to 
Day’s Use 

Heating 
Capacity in 
Relation to 
Day’s Use 

Res., apts., 
hotels, etc. 

40 gal per 
person per day 


4 

H 

K 

Office 

buildings 

2 gal per 
person per day 

H 

2 

H 

H 

Factory 

buildings 

5 gal per 
person per day 

a 

1 

% 

H 

Restaurants 
$0.50 meals 
$1.00 meals 
$1.50 meals 

1.5 gal per meal 

2.5 gal per meal 

4.5 gal per meal 



Ko 

Ho 

Restaurants 

3 meals per day 


Ko 

8 

H 

Ho 

Restaurants 

1 meal per day 


H 

2 

H 

H 


order that the heating capacity and consequently the size of the heater, 
or the load on the heating boiler may be as small as possible. 

In estimating the hot water which can be drawn from a storage tank 
it should be borne in mind that only about 76 per cent of the volume of 
the tank is available, as by the time this quantity has been drawn off the 
incoming cold water has cooled the remainder down to a point where it 
can no longer be considered hot water. 

Where steam from the heating boiler is used to heat domestic hot water, 
the computed load on the boiler should be increased by 4 sq ft EDR 
(equivalent direct radiation) for every gallon of water per hour heated 

100 v s 

through a 100 F rise. The actual requirement is 240” — ~ 
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per gallon of water heated 100 F. The value of 4 allows for transmission 
losses, etc. 

There are two ways in common use of estimating the hot water require- 
ments of a building; first, by the number of people and second, by the 
number of plumbing fixtures installed. Where the number of people to 
be served is known or can be reasonably estimated, the data in Table 10 
may be used. 

Example 6. From Table 10, a residence housing five people would have a daily 
requirement of 5 X 40 = 200 gal per day, and a maximum hourly demand of 200 X Jf 
= 28.5 gal. The heater should have a storage capacity of 200 X Js == 40 gal and a 
heating capacity of 200 X M = 28.5 gal per hour. 

The conditions given in Example 6 may be cited as average. It is 
possible to vary the storage and heating capacity by increasing and 


Table 11. Hot Water Demand per Fixture for Various Types of Buildings 
Gallons of water per hour per fixture^ calculated at a final temperature of 1 40 F 



Apart- I 

MENT 

House 

Club 

1 

i Gym- 
nasium 

Hos- 

pital 

Hotel 

IlIDUS- 

TRIAL 

Plant 

Office 
' Build- 
ing 

PUBUC 

Bath 

Private 
Rbsi- 
! DENCB 

School 

Y.M. 

CA. 

Baains, private lavatory 

2 

2 

2 

2 

2 

2 

2 

2 

1 ^ 

2 

2 

Baains, public lavatory 

4 

6 

8 

6 

8 

12 

6 

12 

■ 

15 

8 

Bathtubs . 

20 ! 

1 20 

30 

20 

20 

30 


45 

1 20 

1 

• - 

30 

Dishwashers 

15 

50-150 

.. 

50-160 

60-200 

20-100 



1 15 

20-100 

20-100 

Foot basins . . , 

8 i 3 

12 

3 

3 

12 

. 

1 

3 

3 

12 

Kitchen sink . 

10 j 

20 


20 j 

20 

20 

t 


10 

10 

20 

Laundry, stationary tubs . . 

20 

28 


28 

28 




20 


28 

Pantry sink 

5 

10 


10 

10 


[ 


5 

10 

10 

Showers . . ... 

75 

150 

225 

75 

75 

225 


225 

75 

225 

225 

Slop sink 

20 

20 

... 

20 

30 

20 

15 

15 

16 

20 

20 

Hourly heating capacity 
factor 

30% 

30% 

40% 

25% 

25% 

40% 

30% 

50% 

30% 

40% 

40% 

Storage capacity factor. . .. 

125% 

90% 

100% 

60% 

80% 

100% 

200% 

120% 

70% 

100% 

100% 


decreasing one over the other. Such a condition is illustrated in Ex- 
ample 7. 

Example 7. Assume an apartment house housing 200 people. From the data in 
Table 10; Daily requirements = 200 X 40 = 8000 gal. Maximum hours demand = 
8000 X H = 1140 gal. Duration of peak load = 4 hours. Water required for 4-hour 
peak = 4 X 1140 == 4560. 

If a 1000 gal storage tank is used, hot water available from the tank = 1000 X 0.75 
== 750. Water to be heated in 4 hours = 4560 — 750 = 3710 gal. Heating capacity per 

hour = ^ = 930 gal. 

If instead of a 1000 gal tank, a 2500 gal tank had been installed, the required heating 

^ 4560 - (2500 X 0.75) , 

capacity per hour would be j = 671 gal. 

In cases where the number of fixtures only are known, the data in 
Table 11 have been found satisfactory. 
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Exatnple 8, An apartment building has a hot water requirement as follows: 


60 lavatories. - X 2 = 120 gal per hour 

30 bath tubs. X 20 = 600 gal per hour 

30 showers X 75 = 2250 gal per hour 

60 kitchen sinks X 10 = 600 gal per hour 

15 laundry tubs X 20 = 300 gal per hour 


Maximum hourly requirement 

Hourly heating capacity... 

Storage capacity.^ 


= 3870 gal per hour 

= 3870 X 0.30 = 1161 gal per hour 
= 1161 X 1.25 = 1450 gal per hour 


METHODS OF HEATING WATER 

Service water generally is heated either by direct combustion of fuel 
or by an intermediate carrier such as steam or hot water. A third method, 
also in use, is by contact with electrically heated surfaces. The oldest 


n 1 — Chimney connection 



Fig. 7. Oil- or G.^s-Fired Storage Type Water Heater 

method is by fire on one side of a metal barrier and water on the other. 
If the water surfaces in such a method of heat transfer are small, and if 
the water carries a heavy proportion of precipitable salts, the water 
passages soon clog and then burn out. A familiar example of trouble is 
that with the water back of the firebox in the kitchen stove or the pipe 
coil inserted into the firebox of a warm air furnace. The critical water 
temperature at which the lime, magnesia, etc. collect on hot surfaces, 
varies with the character and proportions of the solids, but generally 
such deposits are not a serious trouble with water temperatures lower 
than 140 F. 

Coal burning direct-fired water heaters frequently are of cored-out 
cast-iron, with water entirely surrounding the combustion chamber. 
They are also made of steel with water tubes which in some cases form 
racks to suspend garbage above the fire. These heaters are generally 
so small that low temperature combustion at poor efl&ciency ensues. 
Mud and scale may eventually close the water ways. 
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Oil burning direct-fired water heaters usually are of steel and operate 
with higher flame temperature and better efficiency then commensurate 
sized coal burning heaters. They have the same tendenc}^ to lime up, and 
the water passages should be large in cross-section and accessible for 
periodic cleaning. 

A domestic hot water heater adapted to burn either oil or gas is shown 
in Fig. 7. The combustion chamber is rather large, with flues extending 
vertically through the hot water storage compartment. The thermostat 
is placed at about the center of the tank. 

Gas burning direct-fired water heaters may also be of water tube type, 
usually having spiral copper coils around which the gas flames are 
directed to pass. While these heaters, when well insulated, reach high 
efficiency, the water tubes are especially subject to clogging if the water 
carries dissolved minerals and is heated above approximately 140 F. 

Gas-fired water heaters may also be of the instantaneous type. Such 
a heater uses no storage tank, but contains sufficient length of copper coil 



Cold water inlet tapping 

Fig. 8. Indirect Heating Coil in Steel Tank 

that the water may be heated to the desired temperature during a single 
passage through it. 

The main gas valve on this type of heater is operated by water pressure, 
and opens wide whenever a faucet is opened. A second gas valve, oper- 
ated by a thermostat in the outgoing water, throttles the gas to control 
the leaving water temperature. 

Heaters of this type are economical in operation, since, except for the 
pilot flame, gas is consumed only when hot water is actually being used. 
These heaters should not be used with hard water, since the long coils 
become quickly clogged with scale. 

Indirect water heaters employ a carrrier, such as steam, between the 
fire and the water. The domestic water preferably circulates around the 
outside of the steam tubes which are submerged within a tank. 

A typical indirect heating coil in a steel tank is shown in Fig. 8. The 
coils usually are of copper and are TJ shaped to permit expansion and 
contraction. Where straight tubes are used, one end of the tube is 
usually expanded into a floating head to take care of expansion. In any 
type of construction the heat transfer surface should be capable of easy 
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withdrawal for inspection and for removal of scale. The heating element 
in Fig. 8 is adapted to use of either steam or hot water inside the tubes. 

Another method of transferring heat from a house heating boiler to the 
domestic w^ater is illustrated in Fig. 9. The water heater usually is a 
cast-iron vessel within which there is a spiral copper coil similar to the 



Fig. 9. Indirect Water Heater Mounted on Fig. 10. Indirect Water 
Side of Boiler Heater Placed in Boiler 



one shown in dotted lines in Fig. 10. Steam or water from the heating 
boiler circulates into the vessel around this coil and returns to the boiler, 
while domestic water from the storage tank circulates through the coil 
and receives the heat. The storage tank should be installed with the 
bottom of the tank as far above the boiler as possible. Horizontal storage 
tanks smaller than 18 or 20 in. diameter are not recommended because 
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of the difficulty of preventing the hot and cold water from mixing, and 
especially is this an important consideration when large quantities of 
water are withdrawn. In Fig. 10 the heat transfer surface is placed 
inside the boiler instead of in a separate vessel, but othen\dse the opera- 
tion is similar to that of Fig. 9. This arrangement with vertical tank is 
commonly used for small domestic installations. 

An adaptation of the scheme shown in Fig. 10 suited to larger boilers 
is shown in Fig. 11. In this case the copper heat transfer surface is in the 
form of a number of straight tubes with rear U bends or a floating head, 
inserted through the front head of a horizontal fire-tube boiler. The 
heater may be above the water line of a steam boiler, though it operates 
more satisfactorily when below the water line since clogging of the water 
tubes may thereby be delayed. 

In Fig. 11a thermostatic three-way mixing valve or blender is arranged 
to maintain a uniform temperature of the hot water flowing to the fix- 
tures. These heaters are widely used without storage tanks since the 
intimate contact and efficient circulation of the water in this arrangement 
permit utilizing to a great extent the storage of heat in the water of the 
boiler. A physical limitation for this type of heater is the desirability, 
if not the necessity, of having the head of the boiler free from any smoke 
box or breeching, since otherwise the water piping to the heater would 
be subject to the heat and corrosive influence of the products of com- 
bustion. 

In order to reduce clogging by precipitated solids, water heating plants 
sometimes develop steam in a closed circuit, transferring the heat through 
a tubular heater to the domestic water. The water in the primary 
heater, exposed to the high temperature of the fire is repeatedly used and 
hence has no appreciable tendency to deposit scale, while the domestic 
water, heated by steam at a much lower temperature than that of the 
fire, also exhibits a much reduced tendency to separate its dissolved salts. 

COMPUTING CRATE AREA FOR COAL-FIRED HEATER 

The grate area required for a small coal-fired water heater may be 
calculated by Equation 1. 

_ Wih- k) X 100 ... 

^ HXEXC ^ ^ 

where 

G = grate area, square feet. 

W = weight of water, pounds per hour. 

ti—ti = temperature difference between entering and leaving water, degrees Fahrenheit. 

H = heating value of coal, Btu per pound. 

C = weight of coal burned, pounds per hour per square foot of grate. 

E = efficiency, per cent. 

In a small heater 4.5 lb is a conservative value for C, and an efficiency 
of 60 per cent would represent excellent performance. 

Example 9. What grate area is required for a coal-burning water heater warming 
100 gal per hour of water from 50 to 180 F, when the combustion rate is 4.5 lb per hour 
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per square foot of grate, if the heating value of the fuel is 12,500 Btu per pound, and the 
efficiency is 60 per cent? 


Substituting; 


100 X 8.3 X (180 - 50) 
12,500 X 0.60 X 4.5 


3.2 sq ft. 


The quantity of gas, oil, or other fuel required per hour for water 
heating may be calculated by the Equation 2. 

^ W (h - h) X 100 

^ = hITe 

where 

F = units of fuel (lb, cu ft, gal, etc). 

H — heating value of fuel, Btu per unit. 

W = weight of water, pounds per hour. 

^ 2 — = temperature difference between entering and leaving water, degrees Fahrenheit 
E = efficiency, per cent. 

Efficiencies for oil and gas may be taken as 75 and 80 per cent respec- 
tively. The heating value of the fuel and the temperature rise should be 
determined to suit local conditions. 


COMPUTING AREA OF HEAT TRANSMITTING SURFACE 

The area of the inside surface of a heating coil may be determined 
from the following Equation 3. 

A = Q X 8.33 ih - h) 

Flo X tm 

where 

A = surface area of coil, square feet. 

Q — quantity of water heated, gallons per hour. 

ti — hot water outlet temperature, degrees Fahrenheit. 

h — cold water inlet temperature, degrees Fahrenheit. 

Ko == coefficient of heat transmission, Btu per hour per square foot surface. 

For copper or brass coils Ko = 240 (steam) and 100 (hot water). 

For iron coils Kq = 160 (steam) and 67 (hot water). 
tm = logarithmic mean of the difference between the temperature of the heating 
medium and the average water temperature, is approximately — 

4 = temperature of the coil surface, degrees Fahrenheit. 

Equation 3 may be used to check the heating coil ratings under tempera- 
ture conditions differing from those stated in the manufacturer’s published 
ratings. 

Example 10. What area of copper transfer surface will be required to heat 70 gal per 
hour from 40 to 180 F with boiler water at 220 F? 


. _ 70 X 8.33 (180 - 40) 
100 X 110 


no 

= 7.39 sq ft. 
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The rate of heat transfer between steam or water as the carrier and the 
domestic water is influenced by the rate of movement of both the carrier 
and the water which receives the heat. For this reason, where the transfer 
is from heating system water to domestic water, it is good practice to 
install a circulating pump to insure rapid movement of the boiler water. 

In view of the high condensation rates when steam is used with gravity 
circulation from the boiler and when there is a sudden demand followed 
by an inflow of cold water, the bottom of a steam heating transfer element 
always should be at least 30 in. above the boiler water line, and the steam 
and condensate return pipes should be of liberal size. Otherwise water 
hammer and reduced capacity may result due to imperfect drainage 
of condensate. 

When connecting a transfer-type hot water heater below the water 
line of a cast-iron steam boiler having vertical sections, there should be a 
separate tapping for water circulation into every section of the boiler, as 
shown in Fig. 9. Ordinarily in steam boilers of this type the top connect- 
ing nipples between the sections are in the steam space and thus no full 
internal circulation of water can occur. If a connection to any section is 
omitted, steaming may take place in that section during summer opera- 
tion when steam generation is undesirable. Water heating capacity 
would also be reduced. 

CONTROL OF SERVICE WATER TEMPERATURE 

With coal-fired heaters the usual arrangement of control is by an 
aquastat in the heated water, which opens or closes draft dampers at the 
heater to adjust the rate of combustion. When oil or gas is burned the 
aquastat controls the oil burner motor or the magnetic gas valve and the 
pilot flame usually burns continuously. When electric heaters are used 
the aquastat operates a switch on the sburce of energy. 

When steam or hot water is the carrier of heat to transfer surface 
submerged in the water of a tank, the aquastat controls a valve in the 
transmitting line. In small residence installations using water as the 
carrier a combined aquastat and butterfly valve all in one simple fitting 
may be installed in the transmitting circuit to prevent overheating of 
the service water. 

In many residences heated by mechanically circulated hot water, the 
house temperature is controlled by operating the circulating pump inter- 
mittently, while domestic hot water is warmed by transfer from the house 
heating water, independent of the pump operation. The domestic water 
may be heated by the main boiler the year around. Under such an 
arrangement, to prevent overheating the house by thermal circulation 
when the pump is not running, it is usual to insert a weighted check- valve 
in the house heating main, so that no circulation to the house heating 
system can occur unless the pump operates. In summer the fire may 
be controlled to maintain a limited water temperature, generally about 
20 F warmer than that desired in the out-going domestic hot water. 

In buildings which have restaurants it is generally desirable to install 
two separate service hot water systems so that water at about 180 F 
minimum may be available for dish washing, while water at 140 F maxi- 
mum may be used for lavatory and bath purposes. 
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The temperature-controlling aquastat in a hot water storage tank ought 
to be no higher than the center of the tank, and possibly should be even 
closer to the bottom since water in a tank stratifies proportionally to the 
temperature. When hot water is removed, the cold water entering to 
replace it quickly reduces the temperature in the lower parts of the tank. 

SWIMMING POOL HEATING REQUIREMENTS 

Swimming pools present a problem of hot water heating demand which 
is frequently overestimated. Few outdoor swimming pools require 
water heating, and in some cases they require the addition of cold water 
to regulate the temperature. The recirculation system of a swimming 
pool consists of the pumps, hair and lint catchers, and filters together 
with all necessary pipe connections to the inlets and outlets of the pool. 
The water heater, the sterilizing equipment and suction cleaner are usually 
installed or connected to the recirculation system and may be considered 
as integral parts of the system. 

The recirculation system and all its component parts should be designed 
to provide the required volume of circulation so that the water turnover 
ratio is at least two times per day and where heavy loads are anticipated 
the turnover ratio should be increased to three times or more. Many 
states have regulations prescribing the circulation turnover. 

The water heaters for swimming pools are usually instantaneous steam 
coil heaters. These heaters should be sized so that they will have suf- 
ficient capacity to heat the water delivered by the circulating pump 15 F 
per hour. 

The water temperature in a pool is usually maintained at about 72 F. 
A few states have regulations prohibiting higher water temperatures than 
70 F. The room temperature should be approximately 5 F higher, but 
not more than 8 F higher nor less than 2 F lower, than the water tem- 
perature. 

Example 11. Assume a swimming pool 75 ft long, 30 ft wide with an average depth of 
6 ft. If the water is to be heated from a temperature of 50 to 65 F, what capacity heater 
and steam consumption is required with a turnover ratio of two times per day? 

Pool volume: 75 X 30 X 6 X 7.5 = 100,000 gal. 

100 000 X 2 

With a turnover ratio of twice in 24 hr, the heating capacity is: = 8333 

gal per hour. 

The steam consumption would be: ^ ^ ^ ~ steam per hour. 

Regulation of swimming pool temperatures is essential for successful 
operation and economy. It is therefore recommended that the steam 
supply to the heater be provided with a by-pass which may be used for 
pool filling and initial heating and that a smaller by-pass be installed 
with an automatic control valve having the capacity to heat the cir- 
culation water approximately 5 F per hour. 
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TERMINOLOGY 


Glossary of Physical and Heatings Ventilating and Air CondU 
tioning Terms Used in the Text, Standard Abbreviations, 
Conversion Equations, Drafting Symbols, Specific Heat Table 


Absolute Humidity: See Humidity. 

Absolute Pressure: The pressure referred to that of a perfect vacuum. It is the sum 
of gage pressure and barometric pressure. 

Absolute Temperature: A reading on the absolute temperature scale. Absolute 
temperature is obtained by adding 459.70 degrees to the Fahrenheit temperature. 

Absolute Zero: The zero point on the absolute scale 459.70 F below the zero of the 
Fahrenheit scale. 

Acceleration: The rate of change of velocity. In the fps system this is expressed 
in units of one foot per second, a = F t. 

Acceleration Due to Gravity: The rate of gain in velocity of a freely falling body, 
the value of which varies with latitude and elevation. The international gravity standard 
has the value of 980.665 cm per second per second or 32.174 ft per second per second, 
which is the actual value of this acceleration at sea level and about 45 deg latitude. 

Adiabatic: An adjective descriptive of a process in which no heat is added to or 
extracted from the system executing the process. 

Air Cleaner: A device designed for the purpose of removing air-borne impurities 
such as dusts, fumes and smokes. (Air cleaners include air washers and air filters.) 

Air Conditioning: The simultaneous control of all or at least the first three of those 
factors affecting both the physical and chemical conditions of the atmosphere within 
any structure. These factors include temperature, humidity, motion, distribution, 
dust, bacteria, odors and toxic gases, most of which affect in greater or lesser degree 
human health or comfort. (See Comfort Air Conditioning.) 

Air Washer: An enclosure in which air is forced through a spray of water in order 
to cleanse, humidify, or dehumidify the air. 

Anemometer: An instrument for measuring the velocity of moving air. 

Atmospheric Pressure; The pressure indicated by a barometer. Standard atmospheric 
pressure is a pressure of 76 cm mercury (density 13.5951 grams per cubic centimeter, 
gravity 980.665 cm per second per second). It is equivalent to 14.6959 lb per square 
inch or 29.921 in. of mercury at 32 F. 

Baffle: A plate or wall for deflecting gases or fluids. 

Blast: This word was formerly used to denote forced air circulation, particularly in 
connection with central fan systems using steam or hot water as the heating medium. 
As applied in this sense, the word blast is now obsolete. 

Boiler: A closed vessel in which steam is generated or in which water is heated. 

Boiler Heating Surface: That portion of the surface of the heat-transfer apparatus in 
contact with the fluid being heated on one side and the gas or refractory being cooled 
on the other, in which the fluid being heated forms part of the circulating system; this 
surface shall be measured on the side receiving heat. This includes the boiler, water 
walls, water screens, and water floor. {A.S.M.E. Power Test Codes, Series 1929.) 

Boiler Horsepower: The equivalent evaporation of 34.5 lb of water per hour from 
and at 212 F. This is equal to a heat output of 970.3 X 34.5 = 33,475 Btu per hour. 

British Thermal Unit: A unit of energy defined in terms of the international steam- 
table calorie through the convenient relation 1 Btu per pound per degree Fahrenheit 
= 1 cal per ^am per degree Centigrade. It is approximately the quantity of heat 
required to raise the temperature of 1 lb of liquid water from 63 to 64 F. 
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By-pass: A pipe or duct, usually controlled by valve or damper, for short-circuiting 
fluid flow. 

Calorie; (large calorie or kilogram calorie) is equal to 1000 international steam-table 
calories — 1/860 international kilowatthour. For practical purposes it may be con- 
sidered as 1/100 of the heat required to raise the temperature of 1 kilogram of water 
from 0 to 100 C. 

Central Fan System: A mechanical indirect system of heating, ventilating, or air 
conditioning, in which the air is treated or handled by equipment located outside the 
rooms served, usually at a central location, and is conveyed to and from the rooms by 
means of a fan and a system of distributing ducts. (See Chapter 21.) 

Chimney Effect: The tendency in a duct or other vertical air passage for air to rise 
when heated, owing to its decrease in density. 

Coefficient of Transmission: The amount of heat (Btu) transmitted from air to air in 
one hour per square foot of the wall, floor, roof or ceiling for a difference in temperature 
of 1 F between the air on the inside and that on the outside of the wall, floor, roof or ceiling. 

Comfort Air Condifionins: The process by which simultaneously the temperature, 
moisture content, movement and quality of the air in enclosed spaces, intended for 
human occupancy may be maintained within required limits. (See Air Conditioning,) 

Comfort Line: The effective temperature at which the largest percentage of adults 
feel comfortable. 

Comfort Zone {Average) : The range of effective temperatures over which the majority 
(50 per cent or more) of adults feel comfortable. Comfort Zone {Extreme) : The range of 
effective temperatures over which one or more adults feel comfortable. (See Chapter 2.) 

Concealed Radiator: A heating device located within, adjacent to, or exterior to the 
room being heated but so covered or enclosed or concealed that the heat transfer surface 
of the device, which may be either a radiator or a convector, does not see the room. 
Such a device transfers its heat to the room largely by convection air currents. 

Conductance: The amount of heat (Btu) transmitted fronv surface to surface in one 
hour through one square foot of a material or construction, whatever its thickness, when 
the temperature difference is 1 F between the two surfaces. 

Conduction; The transmission of heat through and by means of matter unaccom- 
panied by any obvious motion of the matter. 

Conductivity: The amount of heat (Btu) transmitted in one hour through one square 
foot of a homogeneous material 1 in. thick for a difference in temperature of 1 F between 
the two surfaces of the material. 

Conductor {Heat): A material capable of readily conducting heat. The opposite of 
an insulator or insulation. 

Constant Relative Humidity Line: Any line on the psychrometric chart representing a 
series of conditions which may be evaluated by one percentage of relative humidity; 
there are also constant dry-bulb lines, wet-bulb lines, ^ective temperature lines, vapor 
pressure lines, and lines showing other physical properties of air mixed with water vapor, 

^ Convection: The transmission of heat by the circulation of a liquid or a gas such as 
air. Convection may be natural or forced. 

Convector; A heat transfer surface designed to transfer its heat to surrounding air 
largely or wholly by convection. Such a surface may or may not be enclosed or concealed . 
When concealed and enclosed the resulting device is sometimes referred to as a concealed 
radiator. (See also definition of Radiator.) (See also Chapter 13.) 

Decibel: A unit commonly used for expressing sound or noise intensities referred to 

p 

an arbitrary reference level. It is defined by the relation db = 10 logio where Pi is 

the unknown intensity, and Pq is the reference level which is commonly taken as 10-“ 
watts per square centimeter. 

Desree-Day: A unit, based upon temperature difference and time, used in specifying 
the nominal heating load in winter. For any one day there exists as many degree-days 
as there are degrees Fahrenheit difference in temperature between the mean temperature 
for the day and 65 F. 

Degree of Saturation or Per Cent Saturation: The ratio of actual humidity ratio W to 
the saturation humidity ratio corresponding to the actual temperature and the 

observed pressure. ~ (Approximately the same as but not identical with relative 
humidity. See Chapter 1). 

Dehumidification; The condensation of water vapor from air by cooling below the 
dew-point. 
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Dehydration: The removal of water vapor from air by the use of adsorbing or absorb- 
ing materials. 

Density:^ The weight of a unit volume, expressed in pounds per cubic foot, d V. 

Dew-Point Temperature: The temperature corresponding to saturation (100 per cent 
relative humidity) for a given moisture content. 

Direct-Indirect Heatins Unit: A heating unit located in the room or space to be heated 
and partially enclosed, the enclosed portion being used to heat air which enters from 
outside the room. 

Direct Radiator: Same as Radiator. 

Direct-Return System {Hot Water): A hot water system in which the water, after it 
has passed through a heating unit, is returned to the boiler along a direct path so that 
the total distance traveled by the water is the shortest feasible, and so that there are 
considerable differences in the lengths of the several circuits composing the system. 

Down-Feed One-Pipe Riser (Steam): A pipe which carries steam downward to the 
heating units and into which the condensation from the heating units drain. 

Down-Feed System (Steam): A steam heating system in which the supply mains are 
above the level of the heating units which they serve. 

Draft Head (Side Outlet Enclosure): The height of a gravity convector between the 
bottom of the heating unit and the bottom of the air outlet opening. (Top Outlet En- 
closure): The height of a gravity convector between the bottom of the heating unit and 
the top of the enclosure. 

Drip: A pipe, or a steam trap and a pipe, considered as a unit, which conducts con- 
densation from the steam side of a piping system to the water or return side of the system. 

Dry Air: In psychrometric work, dry air is defined as air without water vapor. This 
state, though not obtained practically, is used as the basis of calculations. 

Dry-Bulb Temperature: The temperature indicated by a standardized thermometer 
after correction for radiation, etc. 

Dry Return: A return pipe in a steam heating system which carries both water of 
condensation and air. The dry return is above the level of the water line in the boiler 
in a gravity system. (See Wet Return.) 

Dust: Solid material in a finely divided state, the particles of which are large and 
heavy enough to fall with increasing velocity, due to gravity in still air. For instance, 
particles of fine sand or grit, the average diameter of which is approximately 0.01 
centimeter, such as are blown on a windy day, may be called dust. 

Dynamic Head or Pressure: Same as Total Pressure. 

Effective Temperature: An arbitrary index which combines into a single value the 
effect of temperature, humidity, and movement of air on the degree of warmth or cold 
felt by the human body. The numerical value is that of the temperature of still, satu- 
rated air which would induce an identical sensation of warmth. 

Enthalpy: A thermodynamic property which serves as a measure of the quantity of 
thermal energy convected by a fluid in steady flow. In a non-flow process the increase of 
enthalpy equals the quantity of heat absorbed provided pressure w constant. Enthalpy 
was formerly called heat content^ sometimes total heat. Sp^ific enthalpy is the ratio of 
total enthalpy to total weight, that is, enthalpy per unit weight of substance, Btu 
per pound. 

Entropy: A thermodynamic property which, for practical purposes, is best defined by 
stating its principal functions: (1) during a reversible adiabatic change of state, entropy 
is constant; (2) during a reversible isothermal change of state, the heat absorbed is equal 
to absolute temperature times change of entropy. Specific entropy is the ratio of total 
entropy to total weight, that is, entropy per unit weight, Btu per degree Fahrenheit 
per pound. 

Equivalent Evaporation: The amount of water a boiler would evaporate, in pounds 
per hour, if it received feed water at 212 F and vaporized it at the same temperature 
and atmospheric pressure. 

Estimated Design Load: The sum of the heat emission of the equivalent direct radia- 
tion to be installed plus the allowance for heat loss of the connecting piping plus the 
heat requirements of any auxiliary apparatus connected with the system. 

Estimated Maximum Load: The load stated in Btu per hour or equivalent direct 
radiation that has been estimated to be the greatest or maximum load that the boiler 
will be called upon to carry. 

Extended Heating Surface: See Heating Surface. 

Extended Surface Heating Unit: A heating unit having a relatively large amount of 
extended surface which may be integral with the core containing the heating medium^ or 
assembled over such a core, making good thermal contact by pressure or by being 
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soldered to the core or by both pressure and soldering. An extended surface heating 
unit is usually placed within an enclosure and therefore functions as a convector. 

Fan Furnace bystem: See Warm Air Heating System. 

Force: The action on a body which tends to change its relative condition as to rest 
or motion. F = (WV) (gt). 

Free Enthalpy: A thermodynamic property which serves as a measure of the available 
energy of a system with respect to surroundings at the same temperature and same 
pressure as that of the system. No process involving an increase in available energy can 
occur spontaneously. (See example on Free Enthalpy in Chapter 1.) 

Fumes; Particles of solid matter resulting from such chemical processes as combus- 
tion, explosion, and distillation, ranging from 0.1 to 1.0 micron in size. 

Furnace; That part of a boiler or warm air heating plant in which combustion takes 
place. Also, a fire-pot. 

Furnace Volume {Total): The total furnace volume for horizontal-return tubular 
boilers and water-tube boilers is the cubical contents of the furnace between the grate 
and the first plane of entry into or between tubes. It therefore includes the volume 
behind the bridge wall as in ordinary horizontal-return tubular boiler settings, unless 
manifestly ineffective (i.€., no gas flow taking place through it), as in the case of waste- 
heat boilers with auxiliary coal furnaces, where one part of the furnace is out of action 
when the other is being used. For Scotch or other internally fired boilers it is the cubical 
contents of the furnace, flues and combustion chamber, up to the plane of first entry into 
the tubes. {A.S.M.E. Power Test Codes, Series 1929.) 

Gage Pressure: Pressure measured from atmospheric pressure as a base. Gage 
pressure may be indicated by a manometer which has one leg connected to the pressure 
source and the other exposed to atmospheric pressure. 

Grate Area: The area of the grate surface, measured in square feet, to be used in 
estimating the rate of burning fuel. This area is construed to mean the area measured 
in the plane of the top surface of the grate, except that with special furnaces, such as 
those having magazine feed, or special shapes, the grate area shall be the mean area of 
the active part of the fuel bed taken perpendicular to the path of the gases through it. 
For furnaces having a secondary grate, such as those in double-grate down draft boilers, 
the effective area shall be taken as the area of the upper grate plus one-eighth of the area 
of the lower grate, both areas being estimated as previously defined. 

Gravity Warm Air Heating System: See Warm Air Heating System. 

Heat: Heat is that form oif energy which transfers from one system to a second 
system at lower temperature by virtue of the temperature difference, when the two are 
brought into communication. 

Heating Medium: A substance such as water, steam, air, or furnace gas used to 
convey heat from the boiler, furnace or other source of heat or energy to the heating 
unit from which the heat is dissipated. 

Heating Surface: The exterior surface of a heating unit. Extended heating surface 
{or extended surface): Heating surface having air on both sides and heated by conduction 
from the prime surface. Prime Surface: Heating surface having the heating medium 
on one side and air (or extended surface) on the other. (See also Boiler Heating Surface.) 

Heat of the Liquid: This can usually be interpreted as the specific enthalpy of 
saturated liquid. 

Hot Water Heating System: A heating system in which water is used as the medium 
by which heat is carried through pipes from the boiler to the heating units. 

Humid Heat: Ratio of increase of enthalpy per pound of di^ air to rise of tempera- 
ture under conditions of constant pressure and constant humidity ratio. 

Humidify: To add water vapor to the atmosphere; to add water vapor or moisture 
to any material. 

Humidistat: A regulatory device, actuated by changes in humidity, used for the auto- 
matic control of relative humidity. 

Humidity: Water vapor when mixed with dry air or other dilutent gases. Absolute 
humidity is the weight of water vapor per unit volume of moist air, pounds per cubic 
foot. It can be calculated by dividing the humidity ratio, weight of water vapor per 
pound of dry air, by the volume of the mixture per pound of dry air. Relative humidity 
is the ratio of the partial pressure of the water vapor in the air to the saturation pressure 
of pure water corresponding to the actual temperature. (See Chapter 1.) 

Humidity Ratio: Weight of water vapor per pound of dry air. (Formerly called 
specific humidity.) 

Hygrostat: Same as Humidistat. 
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Inch of Water: The pressure due to a column of liquid water one inch high at a 
temperature of 60 F. 

Insulation {Heat): A material having a relatively high heat-resistance per unit of 
thickness. 

Isobaric: An adjective used to indicate a change taking place at constant pressure. 

Isothermal; An adjective used to indicate a change taking place at constant tem- 
perature. 

Latent Heat: The most general interpretation is heat absorbed at constant tem- 
perature. More specifically the latent heat of vaporization is the difference between the 
specific enthalpies of saturated vapor and saturated liquid at the same temperature 
(and, for a pure substance, the same pressure). Latent heat of sublimation is the dif- 
ference between the specific enthalpies of saturated vapor and saturated solid at the 
same temperature. Latent heat of fusion is the difference between the specific enthalpies 
of saturated liquid and saturated solid at the same temperature. 

Laws of Thermodynamics: The Law of Conservation of Energy states that energy, in 
any of its forms, can neither be created nor destroyed. As a corollary to this, the First 
Law of Thermodynamics states that in any power cycle or refrigeration cycle the net 
heat absorbed by the working substance is exactly equal to the net work done. The 
Second Law of Thermodynamics states that a power cycle which absorbs heat at a single 
temperature and converts it wholly into work, as required by the First Law, is impos- 
sible; hence it is absolutely necessary to reject heat at some lower temperature if any 
work is to be done. The Second Law further prescribes the least possible quantity of 
heat that must be so rejected depending on the two temperatures involved. 

Manometer: An instrument for measuring pressures; essentially a U-tube partially 
filled with a liqmd, usually water, mercury, or a light oil, so the amount of displacement 
of the liquid indicates the pressure being exerted on the instrument. 

Mass: The quantity of matter, in pounds, to which the unit of force (one pound) 
will give an acceleration of one foot per second per second, m ^ W g. 

Mb, Mbh; Symbols which represent, respectively, 1000 Btu and 1000 Btu per hour. 

Mechanical Equivalent of Heat: The conversion factor from Btu to foot pounds; 
J = 778.26 foot pounds per Btu. This is also referred to as Joule’s Equivalent. 

Micron: A unit of length, the thousandth part of one millimeter or the millionth of 
a meter. 

Mol {Pound MoT): A weight in pounds numerically equal to the molecular weight of a 
substance. In the case of gases, and at not too high pressures, the volume of 1 mol is 
approximately the same for any gas at the same temperature and pressure. At 32 F 
and standard atmospheric pressure this volume is 358.65 cu ft. 

One-Pipe Supply Riser {Steam): A pipe which carries steam upward to a heating 
unit and which also carries the condensation from the heating unit in a direction opposite 
to the steam flow. 

One-Pipe System {Hot Water): A hot water system in which the water flows through 
more than one heating unit before it returns to the boiler; consequently, the heating 
units farthest from the boiler are supplied with cooler water than those near the boiler 
in the same circuit. 

One-Pipe System {Steam): A steam heating system consisting of a main circuit in 
which the steam and condensate flow in the same pipe, usually in opposite directions. 
Ordinarily to each heating unit there is but one connection which must serve as both 
the supply and the return, although separate supply and return connections may be used. 

Overhead System; Any steam or hot water system in which the supply main is above 
the heating units. With a steam system the return must be below the heating units; 
with a water system, the return may be above the heating units. 

Panel Radiator: A heating unit placed on or flush with a flat wall surface and in- 
tended to function essentially as a radiator. 

Panel Warming; A method of heating involving the installation of the heating units 
(pipe coils) within the wall, floor or ceiling of the room, so that the heating process takes 
place mainly by radiation from the wall, floor or ceiling surfaces to the objects in the 
room. 

Plenum Chamber: An air compartment maintained under pressure and connected to 
one or more distributing ducts. 

Potentiometer: An instrument for measuring or comparing small electromotive forces. 

Power: The rate of performing work; usually expressed in units of horsepower, Btu 
per hour, or watts. 
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Prime Surface; See Heating Surface, 

Psychrometer; An instrument for ascertaining the humidity or hygrometric state of 
the atmosphere. Psychrometric: Pertaining to psychrometry or the state of the atmo- 
sphere as to moisture. Psychrometry: The branch of physics that treats of the measure- 
ment of degree of moisture, especially the moisture mixed with the air. 

Pyromeler; An instrument for measuring high temperatures. 

Radiafton; The transmission of heat through space by wave motion. 

Radiator: A heating unit exposed to view within the room or space to be heated. A 
radiator transfers heat by radiation to objects it can see and by conduction to the sur- 
rounding air which in turn is circulated by natural convection; a so-called radiator is also 
a convector but the single term radiator has been established by long usage. 

Recessed Radiator: A heating unit set back into a wall recess but not enclosed. 

Refrigerant: A substance which produces a refrigerating effect by its absorption of 
heat while expanding or vaporizing. 

Relative Humidity: See Humidity; also discussion relative humidity, Chapter 1. 

Return Mains: The pipes which return the heating medium from the heating units to 
the source of heat supply. 

Reversed-Return System {Hot Water): A hot water heating system in which the water 
from several heating units is returned along paths arranged so that all circuits composing 
the system or composing a major sub-division of the system are practically of equal 
length. 

Roof Ventilator: A device placed on the roof of a building to facilitate egress of air. 

Saturated Air: A mixture of dry air and saturated water vapor, all at the same dry- 
bulb temperature. It may also be considered as air containing the maximum possible 
amount of water vapor at a given temperature without becoming supersaturated. 

Saturation: The condition for coexistence in stable equilibrium of two or more distinct 
phases, such as steam over the water from which it is being generated. 

Saturation Pressure; The saturation pressure for a pure substance for any given 
temperature is that pressure at which vapor and liquid or vapor and solid can coexist 
in stable equilibrium. 

Sensible Heat; Heat which manifests itself by temperature change. 

Smoke: Carbon or soot particles less than 0.1 micron in size which result from the 
incomplete combustion of carbonaceous materials such as coal, oil, tar, and tobacco. 

Smokeless Arch: An inverted baffle placed in an up-draft furnace toward the rear 
to aid in mixing the gases of combustion and thereby to reduce the smoke produced. 

Specific Enthalpy: The ratio of total enthalpy to total weight. The specific enthalpy 
of air is its enthalpy, Btu per pound, measured above 0 F and 29.921 in. Hg as a reference 
point. The specific enthalpy of water is its enthalpy, Btu per pound, measured from the 
reference point of saturated liquid at 32 F. (See Enthalpy^ 

Specific Gravity: The ratio of the weight of a body to. the weight of an equal volume 
of water at some standard temperature, usually 39.2 F. 

Specific Heat: The ratio of heat absorbed per unit weight of substance to temperature 
rise. For gases, both specific heat at constant pressure, Cp, and specific heat at constant 
volume, £v, are frequently given. In air conditioning, Cp is usually used. 

Specific Volume: The volume, expressed in cubic feet, of one pound of a substance. 
v^l-^d=V^W, 

Split System:. A system in which the heating and ventilating are accomplished by 
means of radiators or convectors supplemented by mechanical circulation of air (heated 
or unheated) from a central point. 

Square Foot of Heating Surface {Equivalent): Equivalent Direct Radiation (EDR). 
That amount of heating surface which will give off 240 Btu per hour. The equivalent 
square feet of heating surface may have no direct relation to the actual surface area. 

Stack Height: The height of a gravity convector between the bottom of the heating 
unit and the top of the outlet opening. 

Standard Air: Air weighing 0.075 lb per cubic foot. (The density of air at 29.921 
in. of mercury barometric pressure, 68 F dry-bulb and 50 per cent relative humidity is 
0.07497 ; and dry air at 70 F dry-bulb is 0.07496.) 

Static Pressure: The normal force per unit area that would be exerted by a moving 
fluid on a small body immersed in it if the body were carried along with the fluid. Practi- 
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cally, it is the normal force per unit area at a small hole in a wall of the duct through 
which the fluid flows (piezometer) or on the surface of a stationary tube at a point where 
the disturbances created by inserting the tube cancel. It is supposed that the thermo- 
dynamic properties of a moving fluid depend on static pressure in exactly the same 
manner as those of the same fluid at rest depend upon its uniform hydrostatic pressure. 

Steam: Water in the vapor phase. Dry Saturated Steam is steam at the saturation 
temperature corresponding to the pressure, and containing no water in suspension. Wet 
Saturated Stmm is steam at the saturation temperature corresponding to the pressure, 
and containing water particles in suspension. Superheated Steam is steam at a tem- 
perature higher than the saturation temperature corresponding to the pressure. 

Steam Heating System: A heating system in which heat is transferred from the boiler 
or other source of steam to the heating units by means of steam at, above, or below 
atmospheric pressure. 

Steam Trap: A device for allowing the passage of condensate and preventing the 
passage of steam, or for allowing the passage of air as well as condensate. 

Superheated Steam: See Steam. 

Supply Mains {Steam): The pipes through which the steam flows from the boiler or 
source of supply to the run-outs and risers leading to the heating units. 

Surface Conductance: The amount of heat (Btu) transmitted by radiation, conduc- 
tion, and convection a surface to the air or liquid surrounding it, or vice versa, in one 
hour per square foot of surface for a difference in temperature of 1 deg between the 
surface and the surrounding air or liquid. 

Therm: 100,000 Btu. (Used in the gas industry.) 

Thermal Resistance: The reciprocal of conductance. 

Thermal Resistivity: The reciprocal of conductivity. 

Thermostat: An instrument which responds to changes in temperature and which 
directly or indirectly controls the source of heat supply. 

Ton of Refrigeration: The removal of 12,000 Btu of heat per hour at a low temperature. 

Ton Day of Refrigeration: The removal of 288,000 Btu of heat at a low temperature. 

Total Heat: This can usually be interpreted as increase of enthalpy at constant 
pressure. It is often regarded as snynonymous with enthalpy. 

Total Pressure: In the theory of the flow of fluids; the sum of the static pressure 
and the velocity pressure at the point of measurement. 

Tube (or Tubular) Radiator: A cast-iron heating unit used as a radiator and having 
small vertical tubes. 

Two-Pipe System {Steam or Water): A heating system in which one pipe is used for 
the supply of the heating medium to the heating unit and another for the return of the 
heating medium to the source of heat supply. The essential feature of a two-pipe 
system is that each heating unit receives a direct supply of the heating medium which 
medium cannot have served a preceding heating unit. 

Underfeed Distribution System {Hot Water): A hot water heating system in which the 
main flow pipe is below the heating unit. 

Underfeed Stoker: A stoker which feeds the coal underneath the fuel bed. 

Unit: As applied to heating, ventilating and air conditioning equipment this word 
means a factory-built and assembled equipment with apparatus for accomplishing some 
specified function or combination of functions. (See Chapters 22 and 23.) 

It is loosely applied to a great variety of equipment. Usually the function is included 
in the name, and hence come terms like Unit Heater, Unit Ventilator, Humidifying 
Unit, and Air Conditioning Unit. 

Units are said to be direct or room^ when intended for location, or located in, the 
treated space; indirect or remote, when outside or adjacent to the treated space. They 
are ceiling units when suspended from above, and floor when supported from below. 
Other descriptive words include delivery when the unit is not intended to be attached 
to ducts or similar resistance-producing devices, and pressure when for use with such 
ducts. Complete description requires the use of several of these qualifying words or 
phrases. (See Chapter 23.) 

Up-Feed System {Steam): A steam heating system in which the supply mains are 
below the level of the heating units which they serve. 

Vacuum Heating System: A two-pipe steam heating system equipped with the neces- 
sary accessory apparatus which will permit operating the system below atmospheric 
pressure when desired. 

Vapor: Any substance in the gaseous state. 

843 


HEATING VENTILATING AIR CONDITIONING GUIDE 1942 


Vapor Heating System: A steam heating system which operates under pressures at 
or near atmospheric and which returns the condensation to the boiler or receiver by 
gravity. Vapor systems have thermostatic traps or other means of resistance on the 
return ends of the heating units for preventing steam from entering the return mains; 
they also have a pressure-equalizing and air-eliminating device at the end of the dry 
return. Direct Vent Vapor System: A vapor heating system with air valves which do 
not permit re-entry of air. 

Vapor Pressure: Synonymous with saturation pressure in the case of a pure substance. 

Velocity: The time rate of motion of a body in a fixed direction. In the fps system 

it is expressed in units of one foot per second. T = — . 

Velocity Pressure: The difference due to velocity between total pressure and static 
pressure. It is supposed to equal the kinetic energy per unit volume of the fluid at the 
point of measurement. 

Ventilation: The process of supplying or removing air by natural or mechanical 
means, to or from any space. Such air may or may not have been conditioned. (See 
Air Conditioning.) 

Warm Air Heating System: A warm air heating plant consists of a heating unit 
(fuel-burning furnace) enclosed in a casing, from which the heated air is distributed to 
the various rooms of the building through ducts. If the motive head producing flow 
depends on the difference in weight between the heated air leaving the casing and the 
cooler air entering the bottom of the casing, it is termed a gravity system. A booster 
fan may, however, be used in conjunction with a gravity-designed system. If a fan is 
used to produce circulation and the system is designed especially for fan circulation, it is 
termed Si fan furnace system or a central fan furnace system. A fan furnace system may 
include air washers and filters. 

Wef-Bulb Temperature: Thermodynamic wet-bulb temperature is the temperature at 
which liquid or solid water, by evaporating into air, can bring the air to saturation 
adiabatically at the same temperature. Wet-bulb temperature (without qualification) is 
the temperature indicated by a wet-bulb psychrometer constructed and used according to 
specifications. {A.S.M.E. Power Test Codes, Series 1932, Instruments and Apparatus, 
Part 18.) 

Wet Return: That part of a return main of a steam heating system which is filled 
with water of condensation. The wet return usually is below the level of the water line 
in the boiler, although not necessarily so. (See Dry Return.) 


ABBREVIATIONS ^ 


Absolute. 


ahs 

Acceleration, due to gravity 

Anreleration, linear. _ 

— 

g 

Air horsepower... 


air hp 

Alternating-ourrent (as adjective) 


a-c 

Ampere 


amp 

Ampere-hour. 


amp-hr 

Area 


A 

Atmosphere. 


atm 

Average 


avff 

Avoirdupois 



Barometer. 


bar. 

Boiler pressure 


bp 

Boiling point. 


bp 

Brake horsepower — 


bbp 

Brake horsepower-hour 


bhp-hr 

British thermal unit 


Btu 

Calorie. 


ral 

Centisrram ra 

Centimeter 


cm 


iFrom compilations of abbreviations approved by the American Standards Association, Z 10.1-1941 and 
Z 10 a, c, f, and i. 

As a general rule the period is omitted in all abbreviations except where the omission results in the 
formation of an English word. 
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Centimeter-gram-second (system) — cgs 

Change in specific volume during vaporization »fg 

Cubic cu 

Cubic foot cu ft 

Cubic feet per minute cfm 

Cubic feet per second cfs 

Decibel db 

Degree^ deg or ® 

Degree centigrade C 

Degree Fahrenheit. F 

Degree Kelvin K 

Degr^ Reaumur. R 

Density, Weight per unit volume, Specific weight.- d or p (rho) 



V 


Diameter D or diam 

Direct-current (as adjective) d-c 

Distance, linear. 5 

Dry saturated vapor, Diy saturated gas at saturation pressure and temperature, 

vapor in contact with liquid Subscript g 

Entropy. (The capital should be used for any weight, and the small letter for unit 

weight) 5 or s 

Feet per minute— fpm 

Feet per second .fps 

Foot. ft 

Foot-pound ft-lb 

Foot-pound-second (system) fps 

Force, total load F 

Freezing point fp 

Gallon gal 

Gallons per minute. gpm 

Gallons per second gps 

Gram - g 

Gram-calorie g-cal 

Head H or h 

Heat content, Total heat, Enthalpy. (The capital should be used for any weight 

and the small letter for unit weight). H or h 

Heat content of saturated liquid, Total heat of saturated liquid, Enthalpy of 

saturated liquid, sometimes called heat of the liquid hi 

Heat content of dry saturated vapor, Total heat of dry saturated vapor, Enthalpy 

of dry saturated vapor hg 

Heat of vaporization at constant pressure. X or hig 

Horsepower. hp 

Horsepower-hour. h p-hr 

Hour. hr 

Inch in. 


Inch-pound 

Indicated horsepower 

Indicated horsepower-hour 

Internal energy, Intrinsic energy. (The capital should be used for any weight and 

the small letter for unit weight) 

Kilogram 

Kilowatt 

Kilowatthour. 

Length of path of heat flow, thickness 

Load, total 

Mass 

Mechainical efficiency. 

Mechanical equivalent of heat 

Melting point 

Meter 


.. in.-lb 

ihp 

.ihp-hr 

U or u 

...kwhr 

L 

W 

...mass 

6m 

J 

mp 

m 


“It is recommended that the abbreviation for the temperature scale, F, C, K, be included in expressions 
for numerical temperatures but, wherever feasible, the abbreviations for degree be omitted; as 68 F. 
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Micron.- (x (mu) 

Miles per hour. mph 

Millimeter mm 

Minute min 

Molecular weight mol. wt 

Mol mol 

Ounce oz 

Pound lb 

Power, Horsepower, Work per unit time. P 

Pressure, Absolute pressure, Gage pressure, Force per unit area p 

Quantity (total) of fluid, water, gas, heat; Quantity by volume; Total quantity 

of heat transferred Q 

Quality of steam, Pounds of dry steam per pound of mijcture x 

Revolutions per minute rpm 

Saturated liquid at saturation pressure and temperature, Liquid in contact 

with vapor Subscript f 

Second sec 

Specific gravity sp gr 

Specific heat sp ht or c 

Specific heat at constant pressure Cp 

Specific heat at constant volume Cv 

Specific volume, Volume per unit weight, Volume per unit mass v 

Square foot sq ft 

Square inch sq in. 

Temperature (ordinary) F or C. {Theta is used preferably only when t is used for 

Time in the same discussion) 1 or 6 {theta) 

Temperature (absolute) F abs or K. (Capital theta is used preferably only when 

small theta is used for ordinary temperature) T or @ {capital theta) 

Thermal conductance^ (heat tranierred per unit time per degree) C 

r = JL = M = g 

R L ti ““ ti 

Thermal conductance per unit area, Unit conductance (heat transferred per 

unit time per unit area per degree) Ca 

r ^ C _ 1 ^ q k 

A RA A{ti-t2) L 

Thermal conductivity (heat transferred per unit time per unit area, and per 

degree per unit length) k 

k — ^ 

{ti ~ ^ 2 ) 

L 

Surface coefficient of heat transfer, Film coefficient of heat transfer, Individual 
coefficient of heat transfer (heat transferred per unit time per unit area 
per degree) ./ 

g 

(In general / is not equal to k/L, where L is the actual thickness of the fluid film.) 

Over-all coefficient of heat transfer, Thermal transmittance per unit area (heat 

transferred per unit time per unit area per degree over-all) U 


sTerms ending ivity designate properties independent of size or shape, sometimes called specific proper- 
ties. Examples: conductivity, resistivity. Terms ending ance designate quantities depending not onlv 
on the material, but also upon size and shape, sometimes called total quantities. Examples: conductance, 
transmittance. Terms ending ion designate rate of heat transfer. Examples: conduction, transmission. 
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Thermal transmission (heat transferred per unit time) ff 

Thermal resistance (degrees per unit of heat transferred per unit time) ^ 

^ 2 kA 

Thermal resistivity. l/k 

Vaporization values at constant pressure, Differences between values for saturated 

vapor and saturated liquid at the same pressure Subscript fg 

Velocity V 

Volume (total) V 

Volume per unit time, Rate at which quantity of material passes through a 

machine, Quantity of heat per unit time. Quantity of heat per unit weight g 

Watt w 

Watthour. whr 

Weight of a major item. Total weight W 

Weight rate, Weight per unit of power. Weight per unit of time w 

Work (total) W 


Heat, Power and Work 

1 ton refrigeration 
Latent heat of ice 


1 watthour 


CONVERSION EQUATIONS 


1 kilowatthour 


1 kilowatt (1000 watts) 


1000 mean calorie 
1 kilogram calorie 


1 horsepower 
1 boiler horsepower 

Weight and Volume 

1 gal (U. S.) 

1 British or Imperial gallon 
1 cu ft 

1 cu ft water at 60 F 
1 cu ft water at 212 F 
1 gal water at 60 F 
1 gal water at 212 F 

1 lb (avdp) 

1 bushel 
1 short ton 


^ r 12,000 Btu per hour 
\ 200 Btu per minute 
= 143.4 Btu per pound 
778.26 ft-lb 
= • 0.293 whr 

^ 252 mean calories 
2,655 ft-lb 
_ 3.413 Btu 

I 3600 joules 
^ 860 mean calories 
' 3,413 Btu 

= 3.517 lb water evaporated from 

and at 212 F 
' 1.341 hp 

= ■ 56.88 Btu per minute 
, 44,253 ft-lb per minute 
3.969 Btu 
= 3087 ft-lb 

1.1627 whr 
’ 0.746 kw 

_ 42.42 Btu per minute 

33,000 ft-lb per minute 
, 550 ft-lb per second 
_ / 33,475 Btu per hour 
" \ 9.808 kw 


_ / 231 cu in. 

“ \ 0.1337 cu ft 
= 277.42 cu in. 
_ / 7.48 gal 
\ 1728 cu in. 
= 62.37 lb 
= 59.83 lb 

- 8.34 lb 
= 7.998 lb 
_ / 16 oz 

\ 7000 grains 

- 1.244 cu ft 

- 2000 lb 
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Pressure 

1 lb per square inch 
1 oz per square inch 


1 atmosphere 


1 in. water at 62 F 
1 ft water at 62 F 

1 in. mercury at 62 F 

Metric Units 

1 cm 
1 in. 

1 m 
1 ft 

1 sq cm 
1 sq in. 

1 sq m 
1 sq ft 
1 cu cm 
1 cu in. 

1 cu m 
1 cu ft 
1 liter 
1 kg 
1 lb 

1 metric ton 
1 gram 

1 kilometer per hour 
1 gram per square centimeter 
1 kg per sq cm (metric atmosphere) 
1 gram per cubic centimeter 
1 dyne 


( 144 lb per square foot 
2.0421 in. mercury at 62 F 
2.309 ft water at 62 F 
27,71 in. water at 62 F 
_ / 0.1276 in. mercury at 62 F 
[ 1.732 in. water at 62 F 
' 14.6959 lb per square inch 
2117 lb per square foot 
= 33.9 ft water at 62 F 

30 in. mercury at 62 F 
29.921 in. mercury at 32 F 
f 0.03609 lb per square inch 
= *1 0.5774 oz per square inch 
[ 5.196 lb per square foot 
_ f 0.433 lb per square inch 
\ 62.35 lb per square foot 

( 0.491 lb per square inch 
7.84 oz per square inch 
1.131 ft water at 62 F 
13.58 in. water at 62 F 

= 0.3937 in. 

= 2.540 cm 
= 3.281 ft 
= 0.3048 m 
= 0.155 sq in. 

= 6.452 sq cm 
= 10.76 sq ft 
= 0.0929 sq m 
= 0.06102 cu in. 

= 16.39 cu cm 
= 35.31 cu ft 
= 0.02831 cu m 
= 1000 cu cm == 0.2642 gal 
= 2.205 lb (avdp) 

= 0.4536 kg 
= 2205 lb (avdp) 

= 0.002205 lb (avdp) 

= 0.6214 mph 

_ f 0.02905 in. mercury at 62 F 
\ 0.3944 in. water at 62 F 
= 14.22 lb per square inch 
_ / 0.03613 lb per cubic inch 
\ 62.43 lb per cubic foot 
= 0.00007233 poundals 


1 joule = 

1 metric horsepower 

1 kilogram-calorie per kilogram — 

1 gram-calorie per square centimeter = 

1 gram-calorie per square centimeter per centimeter = 
1 gram-calorie per second per square centimeter 
for a temperature gradient of 1 deg C per centi- = 
meter. 


/1 0,000,000 ergs 
\ 0.7376 ft-lb 
/ 75 kg-m per second 
I 0.986 hp (U. S.) 

1.8 Btu per pound 
3.687 Btu per square foot 
1.452 Btu per sq ft per inch 
( 2903 Btu per hour per square 
i foot for a temperature gradient 
i of 1 deg F per inch of thickness. 
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CHAPTER 47. TERMINOLOGY 


Graphical Symbols for Drawings 
Heating 

1. High Pressure Steam 

2. Medium Pressure Steam 

3. Low Pressure Steam 

4. High Pressure Return 

5. Medium Pressure Return 

6. Low Pressure Return 

7. Boiler Blow Off 

8. Condensate or Vacuum Pump Discharge 

9. Feedwater Pump Discharge 

10. Make Up Water 

11. Air Relief Line 

12. Fuel Oil Flow 

13. Fuel Oil Return 

14. Fuel Oil Tank Vent 

15. Compressed Air 

16. Hot Water Heating Supply 

17. Hot Water Heating Return 

Air Conditioning 

18. Refrigerant Discharge 

19. Refrigerant Suction 

20. Condenser Water Flow 

21. Condenser Water Return 

22. Circulating Chilled or Hot Water Flow 

23. Circulating Chilled or Hot Water Return 

24. Make Up Water 

25. Humidification Line 

26. Drain 

27. Brine Supply 

28. Brine Return 


Piping 


0 0 oo oo 


•FOF 


A 


-RD- 

-RS- 

-C- 

-CR- 

-CH- 



Plumbing 

29. Soil, Waste or Leader (Above Grade) 

30. Soil, Waste or Leader (Below Grade) 

31. Vent 

32. Cold Water 

33. Hot Water 

34. Hot Water Return 

35. Fire Line 

36. Gas 

37. Acid Waste 

38. Drinking Water Flow 

39. Drinking Water Return 

40. Vacuum Cleaning 

41. Compressed Air 


■F 

.0 

Acid 


•F- 

■ 6 - 



•V- 


Sprinbxers 

42. Main Supplies s 

43. Branch and Head — ^ 

44. Drain s 
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HEATING VENTILATING AIR CONDITIONING GUIDE 1942 


Graphical Symbols for Drawings 


Ductwork 


45. Duct (1st Figure, Width; 2nd, Depth) 

46. Direction of Flow 

47. Inclined Drop in Respect to Air Flow 

48. Inclined Rise in Respect to Air Flow 

49. Supply Duct Section 

50. Exhaust Duct Section 

51. Recirculation Duct Section 


4 

12x20 

\ - 

; ■ 






Pllll 

13 



nil _ 



/2 ^ 20 


Sh 

12x20 


SH- 

12x20 



52. Fresh Air Duct Section 

53. Other Duct Sections 

54. Register 

55. Grille 

56. Supply Outlet 

57. Exhaust Inlet 

58. Top Register or Grille 

59. Center Register or Grille 

60. Bottom Register or Grille 

61. Top and Bottom Register or Grille 

62. Ceiling Register or Grille 

63. Louver Opening 

64. Adjustable Plaque 


If^H J2X20 

_ (Labe!) 
Kitchen £xh. 

R 
6 



1 1 TR^2 0 x/2 - 700 Cfm 
1 1 1^20*12- 700 cfm 

1 1 CR^2 0x/2-700CiP/w 

n CQ 20x12- lOOcfm 

1 1 BR 20xi2~700cfm 
|l Be* 20xJ2-700cfm 

1 1 T&BR 20x12- ea. 700 cfm 
H Tale 20 X 12- ea. 700 Cfm 

r^ rp] CR 20X12 - 700 cfm 
Ce 20x12-700 Cfm 



1 L ^20X12- 

100 cfm 

✓ 

J 

< 

J 

^ \ 

'2-20x12-700 cfm 

1 

1 1 

1 

.J j 

L 1 

1 . 1 

U. ~^ 1 \^ 1 

\ 

r?-20"(p-700cfm 
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CHAPTER 47. TERMINOLOGY 


Graphical Symbols for Drawings 

65. Volume Damper 

66. Deflecting Damper 

67. Deflecting Damper, Up 

68. Deflecting Damper, Down 

69. Adjustable Blank Off 

70. Turning Vanes 

71. Automatic Dampers 

72. Canvas Connections 

73. Fan and Motor With Guard 

74. Intake Louvers and Screen 


Ductwork 








i 


^ ^ 
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HEATING VENTILATING AIR CONDITIONING GUIDE 1942 


Graphical Symbols for Drawings 

75. Heat Transfer Surface, Plan 

76. Wall Radiator, Plan 

77. Wall Radiator on Ceiling, Plan 

78. Unit Heater (Propeller), Plan 

79. Unit Heater (Centrifugal Fan), Plan 

80. Unit Ventilator, Plan 

Traps 

81. Thermostatic 

82. Blast Thermostatic 

83. Float and Thermostatic 

84. Float 

85. Boiler Return 

Valves 

86. Reducing Pressure 

87. Air Line 

88. Lock and Shield 

89. Diaphragm 

90. Air Eliminator 

91. Strainer 

92. Thermometer 

93. Thermostat 


Heating and Ventilating 




©3 



e 

JL 


© 
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CHAPTER 47. TERMINOLOGY 


Graphical Symbols for Drawings 


Refrigerating 


94. Thermostat 
(Self Contained) 

95. Thermostat 
(Remote Bulb) 


96. Pressurestat 

97. Hand Expansion Valve 

98. Automatic 
Expansion Valve 

99. Thermostatic 
Expansion Valve 


100. Evaporator Press. Regu- 
lating Valve, Throttling 
Type 

101. Evaporator Press. Regu- 
lating Valve, Thermo- 
static Throttling Type 

102. Evaporator Press. Regu- 
lating Valve, Snap-Ac- 
tion Valve 

103. Compressor Suction 
Pressure Limiting Valve, 
Throttling Type 


104. Hand Shut Off Valve 


© 

(T 

— dZI 


110. Low Side Float 


111. Gage 


112. Finned Type Cool- 
ing Unit, Natural 
Convection 




105. Thermal Bulb 


106. Scale Trap 


107. Dryer 


108. Strainer 


109. High Side Float 





113. Pipe Coil 


114. Forced Convection 
Cooling Unit 


115. Immersion Cooling 
Unit 


116. Ice Making Unit 


117. Heat Interchanger 


118. Condensing Unit, 
Air Cooled 


119. Condensing Unit, 
Water Cooled 


120. Compressor 


121, Cooling Tower 


122. Evaporative Con- 
denser 


123. Solenoid Valve 


124. Pressurestat With , — i 

High Pressure Cut- —I P U 
Ont ' — • — L— • 
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Table 1. Specific Heat of Solids 


Materials I 

Temperature F 

Specific Heat 

Authority 

Alloys 

Brass, Red- 

32 

0 0899 

S 

Brass, Yellow 

32 

0 0883 

S 

Bronze (80C«, 205 w) 

57-208 

0.0862 

S 

Monel Metal— 

68-2370 

0 127 

S 

Aluminum— 

80-212 

0.212 

S 

Asbestos— 

68-208 

0 195 

S 

Brickwork 


0.195 

H 

Carbon (Graphite) 

10^1637 

0 3U 

I 

Coal 


0.278 

H 

Coke 


0 201 

H 

Concrete 


0.270 

H 

Copper 

^212 

0.0928 

S 

Fire Clay Brick. 

77-1832 

0.258 

I 

Glass 

Crown._> 

50-122 

0161 

S 

Flint 

50-122 

0 117 

s 

Gold 

64 

0.0312 

s 

Gypsnni. _ 


0 259 

H 

Ice.’.-- 

32 

0.487 

S 

Ice— 

-40 

0.434 

S 

Iron, Pure 

32 

0.1043 

S 

Iron, Pure 

32-600 

0.127 

M 

Iron, Cast 

68-212 

0.1189 

H 

Iron, Wrought 

59-212 

0.1162 

H 

L^(j| 

32 

0.0297 

s 

Nickel. 

32 

0.1032 

s 

Masonry 


0.2159 

H 

Plaster 


02 

H 

Platinum 

5811212"*' 

0.0319 

S 

Rocks 

Gneiss 

63-210 

0.196 

S 

Granite.— 

54-212 1 

0.192 

S 

Limestone 

69-212 

0.216 

S 

Marble 

32-212 

0.21 

S 

Sandstone. 


0.22 

s 

Silver - 

32 

0 0536 

s 



0.1175 

H 

Sulphur - 

240^320 i 

0.220 

s 

Silica Brick._ 

77-1832 1 

0.263 

I 

Tin 

77 

0.0548 

s 

Woods (Average) 

68 

0.327 

s 

Zinc 

32 

0.0913 

s 


Table 2. Specific Heat of Liquids 


Liquid ' 

Temperature F 

Specific Heat 

Authority 

Alcohol, Ethyl 

32 

0 548 

S 

Alcohol, Methyl ! 

59-68 

0.601 

S 

Glyrerinp 

69-122 

0 576 

S 

L^d (Molten) 

360 

0.041 

H 

Mercury. 

68 

0.03325 

S 

Petroleum 

70-136 

0.511 

S 

Sea Water 




Sp. Gr. 1.0043-., 

64 

0.980 

S 

Sp. Gr. 1.0463.- 

64 

0.903 

S 

Water. 

59 

1.000 

S 


Table 3. Specific Heat of Gases and Vapors 


Substance 

1 

Temperature 

F 

Specific Heat 
AT Constant 
Pressure 

Ratio of 
Specific Heat 
Cp/Cv 

Specific Heat 
AT Constant 
Volume 
(Computed) 

Authority 

Air. 

32-392 

0.2375 

1.405 

0.169 

S 

Ammonia 

80-392 

0.5356 

1.277 

0.419 

S 

Carbon Dioxide 

52-417 

0.2169 

1.3003 

0.1668 

S 

Carbon Monoxide - 

79-388 

0.2426 

1.396 

0.1736 

S 

Coal Gaa __ 

68-1900 

0.3145 



s 

Flue Gas. ... . 


0.24 (Approx.) 



H 

Hydrogen.™ 

7(^212 

3.41 

1.419 

2402 

S 

Nitrogen.™ 

32-392 1 

0.2438 

1.41 

0.1729 

S 

Oxygen 

55-404 ! 

0.2175 

1.3977 

0.155 

S 

Water Vapor 

212 

0,421 

1.305 

0.322 

s 

Water Vapor 

356 

0.51 



s 








Notes; When one temperature is given the true speafic heat is given, otherwise the value is the mean 
specific heat between the given limits. 

AinTHORiTiES: S— Smithsonian Physical Tables, 1933; I — International Critical Tables; H — Heating, 
Ventilation and Air Conditioning, by L. A. Harding and A. C. Willard; M — Engineers' Handbook, by 
Lionel S. Marks. 
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Table 4. Circumferences and Areas of Circles 


Diameter 

IN 

Inches ! 

Ahda 

Circumference 

Diameter 

IN 

Inches 

Area 

CmCUMPBRENCB 

Sq In. 

Sq Ft , 

Inches 

Feet 

Sq In. 

Sq Ft 

Inches 

Feet 


0.049 

0.0003 

0.785 

0.0652 

28 

615.8 

4.276 

87.97 

7.330 


0.196 

0.0014 

1.571 

0.1309 

28H 

637.9 

4.430 

89.54 

7.462 

H 

0.442 

0.0031 

2.356 

0.1964 

29 

660.52 

4.587 

91.11 

7.592 

1 

0.785 

0.0054 

3.142 

0.2618 

29H 

683.5 

4.747 

92.63 

7.725 


1.227 

0.0085 

3.927 

0.3273 

30 

706.8 

4.909 

94.25 

7.854 


1.767 

0.0123 

4.712 

0.3927 

31 

754.8 

5.241 

97.39 

8.116 

IH 

2.405 

0.0167 

5.498 

0.4582 

32 

804.3 

5.585 

100.5 

8.378 

2 

3.142 

0.0218 

6.283 

0.5236 

33 

855.3 

5.940 

103.7 

8.639 

2H 

3.976 

0.0276 

7.069 

0.5891 

34 

907.9 

6.305 

106.8 

8.901 

2H 

4.909 

0.0341 

7.854 

0.6546 

35 

962.1 

6.681 

109.9 

9.163 


5.939 

0.0412 

8.639 

0.7200 

36 

1018.0 

7.069 

113.1 

9.425 

3 

7.069 

0.0491 

9.425 

0.7854 

37 

1075.0 

7.467 

116.2 

9.686 


8.296 

0.0576 

10.21 

0.8510 

38 

I 1134.0 

7.876 

1 119.4 

9.948 

3H 

9.621 

0.0668 

10.99 

0.9160 

39 

t 1195.0 

8.296 

122.5 

10.21 

3H 

11.04 

0.0767 

11.78 

0.9818 

40 

1 1256.0 

8.727 

125.6 

10.47 

4 

12.57 

0.0873 

12.57 

1.047 

41 

1 1320.0 

9.168 

128.8 

10.73 


14.19 

0.0986 

13.35 

! 1.113 

42 

1 1385.0 

9.621 

131.9 

10.99 


15.90 

0.1104 

14.14 

1.178 

43 

1452.0 

10.08 

135.1 

11.26 

*H 

17.72 

0.1231 

14.92 

1.243 

44 

1521.0 

10.56 

138.2 

11.52 

5 

19.64 

0.1364 

15.71 

1.309 

45 

1590.0 

11.04 

141.4 

11.78 


21.65 

0.1S04 

16.49 

1.374 

46 

1662.0 

! 11.54 

144.5 

12.04 

5^ 

23.76 

0.1650 

17.28 

1.440 

47 

1735.0 

12.05 

147.7 

12.30 

5H 

25.97 

0.1840 

18.06 

1.505 

48 

1810.0 

12.51 

150.8 

12.57 

6 

28.27 

i 0.1964 

18.85 

1.571 

49 

1886.0 

13.09 

153.9 

12.83 

6K 

30.68 

0.2131 

19.64 

1.637 

50 

1963.0 

13.64 

157.1 

13.09 

6^ 

33.18 

1 0.2304 

20.42 

1.702 

51 

2043.0 

14.19 

160.2 

13.35 

6H 

35.79 

0.2486 

21.21 

1.768 

52 

2124.0 

14.75 

163.4 

13.61 

7 

38.49 

0.2673 

21.99 

1.833 

53 

2206.0 

15.32 

166.5 

13.88 


41.28 

0.2867 

22.78 

1.899 

54 

2290.0 

15.90 

169.6 

14.14 

7H 

44.18 

0.3068 

23.56 

1.964 

55 

2376.0 

16.50 

172.8 

14.40 

7H 

47.17 

0.3276 

24.35 

2.029 

56 

2463.0 

17.10 

175.9 

14.66 

8 

50.27 

0.3491 

25.13 

2.094 

57 

2552.0 

17.72 

179.1 

14.92 


53.46 

0.3713 

25.92 

2.160 

58 

2642.0 

18.35 

182.2 

15.18 

8H 

56.75 

0 3942 

26.70 

2.225 

59 

2734.0 

18.99 

185.4 

15.45 

8H 

60.13 

0.4175 

27.49 

2.291 

60 

2827.0 

19.63 

188.5 

15.71 

9 

63.62 

0.4418 

28.27 

2.356 

61 

2922.0 

20.29 

191.6 

15.97 

9H 

67.20 

0.4668 

29.06 

2,422 

62 

3019.0 

20.97 

194.8 

16.23 

9H 

70.88 

0.4923 

29.85 

2.488 

63 

3117.0 

21.65 

197.9 

16.49 

9H 

74.66 

0.5185 

30.63 

2.553 

64 

3217.0 

22.34 

201.1 

16.76 

10 

78.54 

0.5454 

31.42 

2.618 

65 

3318.0 

23.04 

204.2 

17.02 

lOH 

86.59 

0.6010 

32.99 

2.750 

66 

3421.0 

23.76 

207.3 

17.28 

11 

95.03 

0.6600 

34.56 

2.880 

67 

3526.0 

24.48 

210.5 

17,54 

llM 

103.9 

0.7215 

36.13 

3.011 

68 

3632.0 

25.22 

213.6 

17.80 

12 

113.1 

0.7854 

37.70 

3.142 

69 

3739.0 

25.97 

216.8 

18.06 

12H 

122.7 

0 8520 

39.27 

3.273 

70 

3848.0 

26.73 

219.9 

18.33 

13 

132.7 

0,9218 

40.84 

3,403 

71 

3959.0 

27.49 

223.1 

18.59 

13H 

143.1 

0.9937 

42.41 

3.535 

72 

4072.0 

28.27 

226.2 

18.85 

U 

153.9 

1.069 

43.98 

3.665 

73 

1 4185.0 

29.07 

229.3 

19.11 

• 14H 

165.1 

1.146 

45.55 

3.796 

74 

4301.0 

29.87 

232.5 

1 19.37 

15 

176.7 

1.227 

47.12 

1 3.927 

75 

4418.0 

30.68 

235.6 

1 19.63 

15^ 

188.7 

1.310 

48.69 

' 4.058 

76 

! 4536.0 

31.50 

238.8 

! 19.90 

16 

201.1 

1.396 

50.27 

4.189 

77 

4657.0 

32.34 

241.9 

1 20.16 

16M 

213.8 

1.485 

51.84 

4.321 

78 

4778,0 

33.18 

245.0 

20.42 

17 

226.9 

1.576 

53.41 

4.451 

79 

4902.0 

34.04 

248.2 

20.68 

1734 

240.5 

1.670 

54.98 

4.582 

80 

5027.0 

34.91 

251.3 

20.94 

18 

254.5 

1.767 

56.55 

4.712 

81 

5153.0 

35.78 

254.5 

21.21 

1834 

268.8 

1.867 

58.12 

4.845 

82 

5281.0 

36.67 

257.6 

21.47 

19 

283.5 

1.969 

59.69 

4.974 

83 

5411.0 

37.57 

260.8 

21.73 

1934 

298.6 

2.074 

61.26 

5.105 

84 

5542.0 

38.48 

263.9 

21.99 

20 

314.2 

2.182 

62.83 

5.236 

85 

5675.0 

39.41 

267.0 

22.25 

2034 

330.1 

2.293 

64.40 

5.367 

86 

5809.0 

40.34 

270.2 

22.51 

21 

346.4 

2.405 

65.97 

5.498 

87 

5945.0 

41.28 

273.3 

22.78 

2134 

361.1 

2.508 

67.54 

5.629 

88 

6082.0 

42.24 

276.5 

23.04 

22 

380.1 

2.640 

69.12 

5.760 

89 

6221.0 

43.20 

279.6 

23.30 

2234 

397.6 

2.761 

70.69 

5.891 

90 

6362.0 

44.18 

282.7 

23.56 

23 

415.5 

2.885 

72.26 

6.021 

91 

6504.0 

45.17 

285.9 

23.82 

2334 

433.7 

3.012 

73.83 

6.153 

92 

6648.0 

46.16 

289.0 

24.09 

24 

452.4 

3.142 

75.40 

6.283 

93 

6793.0 

47.17 

292.2 

24.35 

2434 

471.4 

3.274 

76.97 

6,415 

94 

6940.0 

48.19 

295.3 

24.61 

25 

490.9 

3.409 

78.54 

6.545 

95 

7088.0 

49.22 

298.4 

24.87 

25M 

510.7 

3.547 

80.11 

6.676 

96 

7238.0 

50.27 

301.6 

25.13 

26 

530.9 

3.687 

81.68 

6.807 

97 

7390.0 

51.32 

304.7 

25.39 

2634 

551.6 

3.832 

83.25 

6.938 

98 

7543.0 

52.38 

307.9 

25.66 

27 

572.6 

3.976 

84.82 

7.069 

99 

7698.0 

53.46 

311.0 

25.92 

2734 

593.9 

4.125 

86.39 

7.199 

100 

7854.0 

54,54 

314.2 

26.18 
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TWENTIETH ANNIVERSARV EDITION 

1922-1942 


In 1922, when the first edition of THE GUIDE was pub- 
lished, a group of 80 leading manufacturers provided 
equipment data of great value to the 5000 engineers, 
architects, contractors, and others in the profession and 
the industry who received this reference volume. It 
is noteworthy that in every succeeding edition — now 
the Twentieth Anniversary Edition — 14 of the firms 
originally using THE GUIDE have continued their service 
to its readers. Here is the Honor Roll: 


American Blower Corporation 
American Radiator & Standeird 
Sanitary Corporation 
BiiHalo Forge Company 
Carrier Corporation 
C. A. Dunham Company 
Ho&nan Specialty Company 
Johnson Service Company 


Kewanee Boiler Corporation 
Nash Engineering Company 
Powers Regulator Company 
Sarco Company, Incorporated 
The Trane Company 
United States Radiator 

Corporation 
Warren Webster & Company 


ACKNOWLEDGEMENT 

For their valued cissistance in the development and 
expansion of THE GUIDE to its present place as the 
recognized authority in the field of heating, ventilating 
and air conditioning, the Guide Publication Committee 
offers sincere thanks to these manufacturers — and to 
the 162 others who participate in this annual edition. 
Annually, since 1937, more than 10,000 men in the pro- 
fession and the industry procure THE GUIDE and 
utilize the information supplied by these manufacturers. 



Heating Ventilating Air Conditioning Guide, 1942 


Air Conditioning 865-916 

Air System Equipment 917-986 

Controls and Instruments 987 - 1 0 1 4 

Heating Systems 1015- 1090 

Insulation 1091-1123 


ALPHABETICAL INDEX TO ADVERTISERS 


A 


Page 

Acme Industries, Incorporated, Jackson, Michigan 938 

Aerofin Corporation, 410 S. Geddes St., Syracuse, N. Y 939-941 

Air Conditioning & Oil Heat (a pub.), 232 Madison Ave., New York, N. Y 1124 

Air & Refrigeration Corporation, 475 Fifth Ave., New York, N. Y 867 

Air Control Products, Inc., Coopersville, Mich 968 

Air-Maze Corporation, 5202 Harvard Ave., Cleveland, Ohio.- 918-919 

Airtemp, Division of Chrysler Corporation, Dayton, Ohio 878-879 

Airtherm Manufacturing Co., 710 S. Spring Ave., St. Louis, Mo. 892 

Alco Valve Co., Inc., 2638 Big Bend Blvd., St. Louis, Mo 988 

Aluminum Aircell Insulation Co., Curtis Bldg., Detroit, Mich 1092 

American Air Filter Co., Inc., 673 Central Ave., Louisville, Ky..- 920-921 

American Artisan (a pub.), 6 N. Michigan Ave., Chicago, 111 , 1126 

American Blower Corporation, Detroit, Mich 868-869 

American Brass Co,, The, Waterbury, Conn 1088-1089 

American Coolair Corporation, Jacksonville, Fla 952-953 

American District Steam Company, North Tonawanda, N. Y 1074, 1117 

American Moistening Company, Providence, R. 1 934 

American Radiator & Standard Sanitary Corporation, Pittsburgh, Pa 1040-1041 

American Rolling Mill Co., The, Middletown, Ohio 982 

American Society of Refrigerating Engineers, 50 West 40th St., New York, N. Y... 1125 
American Schaeffer & Budenberg Instrument Div., 

Manning, Maxwell & Moore, Inc., Bridgeport, Conn 1002 

Anderson Products, Inc., Cambridge, Mass 1084 

Anemostat Corp. of America, 10 East 39th St., New York City, N. Y 969 

April Showers Company, 4126 Eighth St., N. W., Washington, D. C..— 935 

Armstrong Cork Company, Lancaster, Pa 1093 

Armstrong Machine Works, 851 Maple St., Three Rivers, Mich 1076-1077 

Ashcroft American Gauge Div., Manning, Maxwell & Moore, Inc., 

Bridgeport, Conn 1002 

Auer Register Co., The, 3608 Payne Ave., Cleveland, Ohio.- 970 

Automatic Products Company, 2450 North 32nd St., Milwaukee, Wis. 989 

Autovent Fan & Blower Co., Div., Herman Nelson Corp., The, Moline, 111 907 
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Babcock & Wilcox Company, The, 85 Liberty St., New York, N. Y 1042 

E. B. Badger & Sons Co., 75 Pitts St., Boston, Mass 1075 

Baker Ice Machine Co., Inc., Omaha, Nebr 943 

Barber-Colman Company, Rockford, III 971, 990 

Barber Gas Burner Company, The, 3704 Superior Ave., Cleveland, Ohio 1060 

Barnes & Jones, Incorporated, 129 Brookside Ave., Boston, Mass 1016 

Bayley Blower Company, 1817 South 66th St., Milwaukee, Wis 954 

Bell & Gossett Company, Morton Grove, 111 1017 

Bethlehem Steel Company, Bethlehem, Pa 983 

Brownell Company, The, Dayton, Ohio..— 1063 

Brunner Manufacturing Co., Utica, N. Y 944 

Buffalo Forge Company, 450 Broadway, Buffalo, N. Y 955, 1129 

Buffalo Pumps, Inc., 450 Broadway, Buffalo, N. Y 1070 

Burnham Boiler Corporation, Irvington-on-Hudson, N. Y 1043 


G 


Carbondale Division, Worthington Pump & Machinery Corp,, Harrison, N. J.,. 950-951 

Carey, Philip Co., The, Dockland, Cincinnati, Ohio 1094 

Carnegie, Illinois Steel Corporation, Pittsburgh, Pa..» 985 

Carrier Corporation, Syracuse, N. Y 870-871 

Celotex Corporation, The, 919 N. Michigan Ave., Chicago, 111 1095 

Champion Blower & Forge Co., Lancaster, Pa 956 

Chicago Pump Company, 2330 Wolfram St., Chicago, 111 1071 

Clarage Fan Company, Kalamazoo, Mich 872 

Coal-Heat (a pub.), 20 W. Jackson Blvd., Chicago, 111 1128 

Cochrane Corporation, 3130 North 17th St., Philadelphia, Pa 1078 

Combustion Engineering Company, Inc., 200 Madison Ave., New York, N. Y 1064 

W. B. Connor Engineering Corp., Dorex Div., 114 East 32nd St., 

New York, N. Y 924-925, 972 

Coppus Engineering Corporation, 339 Park Ave., Worcester, Mass 922 

Crane Co., 836 S. Michigan Ave., Chicago, 111 1044-1045 

Curtis Refrigerating Machine Co., Division of Curtis Manufacturing Co., 

1959 Kienlen Ave., St. Louis, Mo 945 


D 


DeBothezat Division, American Machine & Metals, Inc., 

901 DeBothezat St., East Moline, 111 957 

Delco Appliance Division, General Motors Corp., Rochester, N. Y 880-881 

Detroit Lubricator Company, Detroit, Mich 992-993 

Detroit Stoker Company, General Motors Bldg., Detroit, Mich 1066-1067 

Dole Valve Company, 1901-1941 Carroll Ave., Chicago, 111 1085 

Domestic Engineering (a pub.), 1900 Prairie Ave., Chicago, III 1130-1131 

Dorex Div., W. B. Connor Engineering Corp., 114 East 32nd St., 

New York, N, Y 92^925, 972 

Dravo Corporation, Machinery Div., 300 Penn Ave., Pittsburgh, Pa.- 894-895 

C. A. Dunham Company, 450 E. Ohio St., Chicago, III 1018-1019 
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Eagle-Picher Lead Company, The, Temple Bar Bldg., Cincinnati, Ohio 1098 

Ehret Magnesia Manufacturing Co., Valley Forge, Pa 1096-1097 

Electric Air Heater Co., 555 S. Byrkit St., Mishawaka, Ind 893 


F 


Fan Engineering (a pub.), Buffalo Forge Co., 450 Broadway, Buffalo, N. Y..„_ 1129 

Farrar & Trefts Incorporated, Buffalo, N. Y 1048 

Fedders Manufacturing Co., 85 Tonawanda St., Buffalo, N. Y 896-897 

Fitzgibbons Boiler Company, Inc., 101 Park Ave., New York, N. Y 1046-1047 

Frick Company (Incorporated), Waynesboro, Pa 946 

Julien P. Friez & Sons, Div. of Bendix Aviation Corp., Baltimore, Md 991 

Fueloil Journal (a pub.), 420 Madison Ave., New York, N. Y— 1132 

Fulton Sylphon Company, The, Knoxville, Tenn 994-995 


G 


G & 0 Manufacturing Company, The, 138 Winchester Ave., New Haven, Conn 942 


Gar Wood Industries, Inc., 7924 Riopelle St., Detroit, Mich 882-883 

General Electric Company, Schenectady, N. Y 966-967, 996 

Grinnell Company, Inc., Providence, R. 1 1020-1022, 1079 


H 


William S. Haines & Company, 12th and Buttonwood Sts., Philadelphia, Pa 1023 

Arthur Harris & Co., 210-218 N. Aberdeen St., Chicago, 111 1087 

Hart & Cooley Manufacturing Co., Holland, Mich 974-975 

Hastings Air Cond. Co., Inc., 108 S. Colorado Ave., Hastings, Nebr 898 

Heating & Ventilating (a pub.), 140-148 Lafayette St., New York, N. Y 1133 

Heating, Piping and Air Conditioning (a pub.), 6 N. Michigan Ave., Chicago, 111 1127 

Hendrick Manufacturing Co., 48 Dundaff St., Carbondale, Pa 973 

Henry Valve Co., 1001-19 N. Spaulding Ave., Chicago, 111.— 997 

Hershey Machine & Foundry Co., Motorstoker Div., Manheim, Pa.-.. 1065 

Hoffman Specialty Co., Inc., 1001 York St., Indianapolis, Ind 1024r-1025 


I 


Illinois Engineering Company, Chicago, 111 1026-1027 

Illinois Testing Laboratories, Inc., 422 N. LaSalle St., Chicago, 111 1000 

Independent Register Co., The, 3747 East 93rd St., Cleveland, Ohio 976 

Ingersoll Steel & Disc Div., Borg- Warner Corp., 

310 S. Michigan Ave., Chicago, 111 1120-1121 

Insulation Industries, Inc., 10807 Lyndon at Meyers Road, Detroit, Mich 1099 

Insulite Division of Minnesota and Ontario Paper Co., 

1100 Builders Exchange, Minneapolis, Minn 1100-1101 

International Boiler Works Co., East Stroudsburg, Pa 1049 

International Exposition Co., Grand Central Palace, New York, N. Y 1014 

Iron Fireman Manufacturing Company, Portland, Oregon 1068-1069 
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Jenkins Bros., 80 White St., New York, N. Y— 1086 

Johns-Manville, 22 East 40th St., New York, N. Y 1102-1103 

Johnson Service Company, Milwaukee, Wis 998-999 

Jones & Laughlin Steel Corp., Jones & Laughlin Bldg., Pittsburgh, Pa 984 


K 


Kaustine Company, Inc., Perr>% N. Y 888 

Kewanee Boiler Corporation, Kewanee, 111.— 1050-1053 

Kieley & Mueller, Inc., 40 West 13th St., New York, N. Y 1080 

Kimberly-Clark Corp., Neenah, Wisconsin 1104-1105 

Kramer Trenton Company, Brunswick Ave., Trenton, N. J 899 


L 


Lau Blower Company, The, 2007 Home Ave., Dayton, Ohio 958 

Leeds & Northrup Company, 4941 Stenton Ave., Philadelphia, Pa 1001 

Libby-Owens-Ford Glass Co., Nicholas Bldg., Toledo, Ohio 1122-1123 


M 


Manning, Maxwell & Moore, Inc., Bridgeport, Conn 1002 

Marley Co., The, Fairfax & Marley Roads, Kansas City, Kansas 936 

Mario Coil Company, 6135 Manchester Ave., St. Louis, Mo 947 

Martocello, Jos. A, & Company, 229-231 North 13th St., Philadelphia, Pa 937 

McDonnell & Miller, Wrigley Bldg., Chicago, 111 1038-1039 

McQuay Incorporated, 1602 Broadway, N. E., Minneapolis, Minn 900-901 

Mercoid Corporation, The, 4201 Belmont Ave., Chicago, 111 1003 

Meyer Furnace Company, The, Peoria, 111 889 

Minneapolis-Honey well Regulator Company, Minneapolis, Minn 1004-1005 

Modine Manufacturing Co., 17th and Holburn Sts., Racine, Wis 902-903 

Motorstoker Division, Hershey Machine & Foundry Co., Manheim, Pa 1065 

L. J. Mueller Furnace Co., 2009 W. Oklahoma Ave., Milwaukee, Wis 890-891 

Mueller Steam Specialty Co., Inc., 40-20 22nd St., Long Island City, N. Y 1081 

Mundet Cork Corp., 65 S. Eleventh St., Brooklyn, N. Y,..., 1106 

D. J. Murray Mfg. Co., Wausau, Wis., Unit Heater and Cooler Div 904-905 


N 


Nash Engineering Company, The, 234 Wilson Road, South Norwalk, Conn... 1072-1073 

National Gypsum Company, 180 Delaware Ave., Buffalo, N. Y 1107 

Herman Nelson Corp., The, Moline, III 906-907 

John J. Nesbitt, Inc., Holmesburg, Philadelphia, Pa 908 

New York Blower Company, 32nd St. & Shields Ave., Chicago, 111 959 

Norge Heating & Air Cond. Div., Borg- Warner Corp., 

12345 Kerch eval Ave,, Detroit, Mich 88^885 
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Oakite Products Inc., 36 E. Thames St., New York, N. Y 933 

Owens-Corning Fiberglas Corp., Toledo, Ohio 926-927 

Owens-Illinois Glass Company, Ohio Bldg., Toledo, Ohio 1115 


P 


Pacific Lumber Company, The, 100 Bush St., San Francisco, Calif 1108 

Pacific Steel Boiler, Div., U. S. Radiator Corp., Detroit, Mich 1058 

Palmer Company, The, 2506 Norwood Ave., Cincinnati (Norwood), Ohio 1006 

Parks-Cramer Company, Fitchburg, Mass 873 

Penn Electric Switch Co., Goshen, Ind..- 1007 

Pittsburgh Corning Corp., Grant Bldg., Pittsburgh, Pa 1116 

Plumbing and Heating Journal (a pub.), 515 Madison Ave., New York, N. Y 1134 

H. W. Porter & Co., Newark, N. J 1118 

Powers Regulator Co., The, 2719 Greenview Ave., Chicago, 111 1008-1009 


0 


Quincy Stove Manufacturing Co., The, Quincy, 111 886 


R 


Refrigeration Economics Co., Inc., Canton, Ohio 909 

Register & Grille Manufacturing Co., Inc., 70 Berry St., Brooklyn, N. Y 977 

Research Products Corporation, Madison, Wisconsin 923 

Reynolds Metals Co,, Inc., Federal Reserve Bank Bldg., Richmond, Va 1109 

Ric-wiL Company, The, Union Commerce Building, Cleveland, Ohio 1119 

Ruberoid Co., The, 500 Fifth Ave., New York, N. Y 1110-1111 


S 


Sarco Company, Inc., 475 Fifth Ave., New York, N. Y 1028-1029 

Sheet Metal Worker (a pub.), 45 West 45th St., New York, N, Y 1135 

U. J. Somers, Inc., 6063 Wabash Ave., Detroit, Mich 928 

Spence Engineering Co., 28 Grant St., Walden, N. Y 1010 

Spencer Heater Division, Aviation Corp., Williamsport, Pa 1054-1055 

Staynew Filter Corporation, 6 Leighton Ave., Rochester, N. Y 929-931 

B. F. Sturtevant Co., Hyde Park, Boston, Mass 960-961 
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Taylor Instrument Companies, Rochester, N. Y...- 1011 

Todd Combustion Equipment, Inc., 601 West 26th St., New York, N. Y 1062 

Torrington Mfg. Co., The, 50 Franklin St., Torrington, Conn 962-964: 

Trane Company, The, 2021 Cameron Ave., LaCrosse, Wis — 910-911 

The Triplex Heating Specialty Co., Inc., 242-268 Grant St., Peru, Ind 1030-1031 

Tuttle & Bailey, New Britain, Conn 978-979 


U 


United States Steel Corp., Pittsburgh, Pa 985 

Unit Heater & Cooler Div., D. J. Murray Mfg. Co., 1002 Third St., 

Wausau, Wis 904-905 

United States Air Conditioning Corp., Northwestern Terminal, 

Minneapolis, Minn 874 

United States Gauge Co., 44 Beaver St., New York, N. Y 1012 

United States Gypsum Company, 300 W. Adams St., Chicago, III 1112-1113 

United States Radiator Corporation, Detroit, Mich.... 1056-1057 

United States Register Co., Battle Creek, Mich 980 

Universal Cooler Corporation, Marion, Ohio.— 948 

Utility Fan Corporation, 4851 S. Alameda St., Los Angeles, Calif 912 


V 


Vilter Manufacturing Company, The, Milwaukee, Wis 949 

Vinco Company, Inc., The, 305 East 45th St., New York, N. Y 1036-1037 


W 


Wagner Electric Corp., 6403 Plymouth Ave., St. Louis, Mo 955 

Warren Webster & Company, Camden, N. J — 1032-1035 

Waterloo Register Company, The, Waterloo, Iowa 981 

Webster Engineering Co., 419 W. Second St., Tulsa, Okla 1061 

Weil-McLain Company, 641 W. Lake St., Chicago, 111 1059 

Westinghouse Electric & Manufacturing Co., Edgewater Park, Cleveland, Ohio.,.. 932 
Westinghouse Electric & Manufacturing Co., 653 Page Blvd., Springfield, Mass. 876-877 

White-Rodgers Electric Co., 1293 Cass Ave., St. Louis, Mo.._ 1013 

Williams Oil-O-Matic Heating Corporation, Bloomington, 111 887 

L. J. Wing Mfg. Co., 59 Seventh Ave., New York, N. Y 913-915 

Wolverine Tube Company, 1411 Central Ave., Detroit, Mich 1090 

Wood Conversion Co., First National Bank Bldg., St. Paul, Minn 1114 

Worthington Pump 8c Machinery Corp., Harrison, N. J 950-951 

Wright-Austin Co., 317 W. Woodbridge St., Detroit, Mich 1082 


Y 


Yarnall-Waring Co., 7600 Queen St., Philadelphia, Pa 

York Ice Machinery Corporation, York, Pa g 75 

Young Radiator Company, 709 Marquette St., Racine, Wis 915 
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AIR CONDITIONING 


Equipment for complete air conditioning systems, consisting of an assembly 
of apparatus for air circulation, air cleaning and heat transfer, with control 
apparatus for maintaining temperature and humidity within prescribed limits, 
has many commercial, comfort, and industrial applications. Systems for all- 
year, winter and summer service, and special processing work are presented 
in four divisions . . . Pages 867-916. 

CENTRAL SYSTEMS (p. 867-877) 

Complete assembly of supply and return ducts serving one or more spaces, con- 
nected with some or all of the following equipment: fans, motors, heat transfer 
surfaces, humidifiers, dehumidifiers, refrigeration machinery, air cleaning devices and 
control equipment. 

An outline of the design procedure generally used to create a modern central air 
conditioning system is given in Chapter 21 of the Technical Data Section. 

DIRECT FIRED UNITS (p. 878-887) 

Automatic heating and comfort air conditioning apparatus suitable for residential 
and small commercial applications designed to give results similar to the larger central 
systems provide direct fired oil, gas or coal heating units, filtration, fan controls, etc. 

The Technical Data Section, Chapters 10, 12 and 20 cover this type of equipment. 

FAN-FURNACE SYSTEMS (p. 888-891) 

Winter air conditioning and summer ventilation for residences are provided by 
Automatic fired fan-furnace systems. As in the larger central systems these in- 
stallations clean, heat and humidify the air, and if desired, auxiliary units will provide 
cooling. 

In Chapter 20 on Mechanical Warm Air Furnace Systems will be found details of 
the design of this type of system. 

UNIT HEATERS, COOLERS (p. 892-916) 

For complete or partial air conditioning there are a variety of self-contained units. 
Such units may be complete in themselves, employing their own direct means of air 
cleaning, heating distribution and source of refrigeration. 

The various functional elements of unitary equipment are given in Chapters 22 and 
23, for Unit Heaters, Ventilators, Humidifiers, Conditioning and Cooling Units and 
Attic Fans. 

Manufacturer's products shown in this division are designed for specihc applications. 

Consult the Index to Modem Equipment for additional products of these manufacturers. 
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Air & Refrigeration Corporation 

475 Fifth Avenue, New York City 

Atlanta, Ga. Detroit, Mich. ICAPILLARYl 


CAPILLARY AIR CONDITIONERS 



A Standard Capillary cell with cut-away section 
showing oriented glass jUamenis. 

Size: BO in. x BO in. x 8 in. 

Every Air Conditioning Engineer 
and all Industrial Engineers respon- 
sible for air conditioning should be 
familiar with the uses of this advanced 
equipment. 

The standard CapUlary .cell is the 
basic element in all Capillary conditioners. 

The patented arrangement of glass fila- brine or cold water), a Class III Capillary 

ments, essentially parallel to the flow of air is offered with suitable coils after the 

and water through the cell, accounts for the Capillary cells. No filters are required, 

highly efficient heat transfer between air Coils are kept clean and evaporative cool- 

and water. At the same time, the cells ing is available whenever entering wet- 

act as an efficient air cleaner and the bulb conditions permit, 

arrested dirt is continuously flushed from Capillary conditioners of all classes are 
the cell. ^ made in central station units ranging from 

As a simple air washer, humidifier or 2200 cfm to 132,000 cfm or larger. As- 

eyaporative cooler, Class I Capillary con- sembled units including fans, heaters, 

ditioners call for the recirculation of only coils, pump, insulated casing, etc., suitable 

3 gpm per 1000 cfm distributed over the for suspension or floor mounting range 

cells at 6 lbs nozzle pressure. The satu- from 4000 to 16,000 cfm. 

ration efficiency is 97 per cent. Less 
efficient spray washers require 15 gpm or 
more at 20 lbs nozzle pressure. 

A single stage of Capillary cells equals 
or exceeds in cooling and dehumidifying 
capacity a 2 bank spray type dehumidifier. 

Increased cleaning efficiency and an 
approach of less than 1 deg F between 
leaving air and leaving water is obtained 
through a Class II Capillary wherein the 
water flows counter to the air through 
the cell. 

A 2-stage Capillary Class MI offers 
true counterflow performance with leaving 
cooling water temperature exceeding that 
of leaving air. 

Where a closed system for the cooling a o , • 

mpHiiim ie t-pninVorl ^ Standard Size S-4 Capillary unit air conditioner 

meaium is required ^direct expansion, complete in insulated casing. Capacity 16,000 

Submit design and capacity conditions to receive specific recommendations 
or write for complete catalogs and engineering data. 
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American Blower Corporation 

Division of American Radiator and Standard Sanitary Corporation 

General Offices and Factory 

Detroit, Mich. 

Branches in All Principal Cities 


AIR CONDITIONING — HUMIDIFYING — DEHUM IDIFYING — COOLING 
— VENTILATING — HEATING — VAPOR-ABSORPTION — DRYING — AIR 
WASHING AND PURIFICATION — EXHAUSTING EQUIPMENT AND 
MECHANICAL DRAFT APPARATUS 



Double Inlet “ABC” 
Multiblade Fan — above, is 
a heavy duty ventilating fan. 
Its wheel has narrow, forward 
pitched blades. Low tip 
speeds assure quiet operation. 
Request Bulletin A-701. 
Write for Bulletin A-403 for 
backwardly inclined, non- 
overloading H. S. Fan. 


Commercial V-Belt Drive 
Ventura Fans — for ventilating 
applications without duct sys- 
tems, where extremely quiet 
operation is desired. Inlet-outlet 
streamlined for high efficiency. 
Also direct connected. Request 
Bulletin B-2529. 



“ABC” Utility Sets— 
right, complete packaged 
units, direct connected 
or V-Belt short coupled 
drive, for duct applica- 
tions. Famous **ABC” 
Multiblade Wheel oper- 
ates at low tip speeds. 
Quiet, compact. Bul- 
letin B-2529. 




American Blower Air Washer 
— above, cleans, purifies and 
freshens the air, removes dust, 
odors and bacteria, cools if 
desired and provides an effective 
method of controlling humidity. 
Bulletin 3623. 



American Blower Capillary Air Washers— above, 
for high efficiency in cleaning, humidification, cooling 
and dehumidification of air. A highly efficient sur- 
face^ contact mechanism, the capillary cell, is used. 
Air is forced at low resistance through long, irregular 
passages of small size formed by a large amount of 
thoroughly wetted glass surface. Unit includes a 
substantial ^ metal casing and tank of air washer 
design, capillary cells, improved low head sprays, 
metal or glass fibre low resistance moisture elimina- 
tors, non-ferrous, extended surface cooling or heating 
coils. Write for Bulletin 3723. 
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TYPES OF AMERICAN BLOWER CORPORATION 
AIR HANDLING AND CONDITIONING EQUIPMENT 

All types of air handling and air conditioning equipment for industrial applications, 
process work, drying, cooling; also equipment for stores, offices, shops, public buildings, 
power plants, etc., and attic ventilation for homes. 



“ABC” Vertical Heaters— for ceiling 
applications, give an even, wide floor area 
distribution of heat. For either steam or 
hot water heating systems. Variable 
speed, 2-speed and constant speed models. 
Write for Bulletin A-9418. 



Venturafin Unit Heaters — for many 
general purpose heating jobs. Wall or 
ceiling mounting. Streamline construc- 
tion, rugged heating elements. Steam or 
hot water. Write for Bulletin A-8218. 



Air Conditioning Central Systems — 
provide an effective way of cooling, 
heating, humidifying, dehumidifying and 
purifying air in all classes of business and 
public buildings where a dust system is 
desirable. Write for Special Data. 



“HV” General Purpose Units — with 
air filters and Aileron control. Ideal 
wherever attractive, quiet and economical 
heating and ventilating units are required. 
Wall, floor or ceiling mounting. Offer 
great flexibility of design and arrangement 
to meet specific needs. Write for Bulletin 
5927. 



American Blower Series “H” Air Con- 
ditioners with Sprayed Coils — are 
usually applied for industrial uses where 
air washing and evaporative cooling are 
required. Sprayed coils give cleaner air, 
cut coil maintenance and refrigeration 
costs, reduce necessary air volumes, permit 
use of smaller ducts and grilles. Horizontal 
or floor types (as shown). Aileron control 
provides simple method of regulating flow 
of air from the fans. Write for Bulletin 
6027. 
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Home Office and 
Factories*. 
Syracuse, N. Y. 



International 

DIVISION: 
Syracuse, N. Y. 


Atlanta 

Boston 

Chicago 

Cincinnati 

Cleveland 


Dealers In 
Principal Cities 


Marine Division: 
405 Lexington Ave. 
New York City 


Branch Sales Offices.* 
Dallas 
Detroit 
Kansas City 
L os Angeles 
New Orleans 


New York City 
Philadelphia 
St. Louis 
San Francisco 
Washington 


AIR CONDITIONING 

Room Air Conditioning and Refrigerating Unit — Self Contained. 

Four sizes: Cooling range 5,700 to 14.500 Btu. 

Commercial Air Conditioning and Refrigerating Unit — Self Contained. 

Four sizes: Cooling range to 8 tons. 

Air Conditioning and Refrigerating Assembly^ — With ducts. 

Four sizes: Cooling range 4 to 18 tons. Air capacity 2000 to 9000 rfm. 

Humidifier. Individual Unit Supplementing Heating System. 

Two models; Evaporating capacity 2.3 to 5 lb per hour. 

Room Ventilating Unit. For double^hung and casement windows. 

Two sizes: Air capacity 200 to 480 cfm. 

Room Air Conditioning Unit — for Central Station System — Normal Ducts. 

Six sizes: Air capacity totals 96 to 1100 cfm. 

Room Air Conditioning Unit — for Central Station System — Conduit air Distribution. 
Six sizes: Cooling range .4 to 1.3 tons. Heating range 2000 to 34,500 Btu per hour. 

Room Air Conditioning Unit — Ductless Supply of hot and chilled water required. 
Three sizes: Cooling range .5 to 1 ton. Heating range 3600 to 39,700 Btu per hour. 

Room Outlet — for exposed or concealed ducts. 

Twenty-two sizes: Air capacity 40 to 4900 cfm per outlet. 

Commercial Air Conditioning Units — Suspension — No Ducts. 

Six sizes: Cooling range .5 to 5,5 tons. Air capacity 310 to 1850 cfm. 

Commercial Air Conditionir^ Units— Floor Mounted— With Ducts. 

Four sizes: Cooling range 2 to 45 tons. Heating range 100,000 and up Btu per hour. 

Air capacity 700 to 8000 cfm. 

Commercial Air Conditioning Units — Suspension — With ducts. 

Four sizes: Cooling range 2 to 45 tons. Heating range 100,000 and up Btu per hour 
Air capacity 700 to 8000 cfm. 

Industrial Air Conditioning Unit. May be installed with or without ducts. 

Four sizes: Cooling range 2 to 40 tons. Heating range 30,000 to 750,000 Btu per hour 
Air capacity 2000 to 8000 cfm. 

Industrial Humidifier — humidifiers, filters, distributes air. 

One size: Air capacity 5000 cfm. 

Dehumidifier — Cells used singly or in multiple. 

Eighteen sizes: Cooling range 6 to 60 tons per cell. Air capacity 2000 to 36,000 cfm per cell. 

Dehydration — silica gel. For either residential or industrial applications. 

Four sizes: Moisture removal capacity 23 to 126 lbs per hour. Air capacity 460 to 3150 cfm. 

870 




Carrier Corporation 


Air Conditioning 


Central 

Systems 


AIR CONDITIONING’S 


First Name 



Heat Interchangers — air-toywater heating or cooling. 

Two Types Available. Continuous tube and narrow width type. 

Cold Diffusing Unit — Suspended — Disc Type Fan. Adjustable louvers. 

Six sizes: Cooling range 0.1 and 1.8 tons. Air capacity 310 to 1900 cfm. 

Cold Diffusing Unit — Floor Mounted — Centrifugal Fan. Top or side discharge. 
Three sizes: Cooling range 1 to 25 tons. Air capacity 2200 to 12,600 cfm. 

Cold Diffusing Unit — Floor Mounted — -Centrifugal Fan — Brine Spray. 

Four sizes: Cooling range .6 to 26 tons. Air capacity 1350 to 10,000 cfm. 

Smoke Houses — smoking, cooking and cooling with one handling. 

Nine sizes: Widths range 10 feet to 12 feet. Length range 12 feet to 18 feet. 


REFRIGERATION 

Centrifugal Refrigerating Machine. Self-contained — cooler, compressor, condenser. 
Wide range of sizes; Cooling range 100 to 1200 tons. 

Reciprocating Refrigerating Machine. Air-cooled, water-cooled, evaporative cooled . 

Twenty-two sizes: Cooling range .5 to 50 hp. 

Evaporative Condenser — Suspended. For economical heat disposal. 

Five sizes; Nominal range 2 to 15 tons. 

Evaporative Condenser — Floor Mounted. For economical heat disposal. 

Four sizes: Nominal range 10 to 75 tons. 

Shell and Tube Condenser. Suitable for use with Freon 12.” 

Four sizes: Nominal range 10 to 100 tons. 

Shell and Tube Cooler. With controls adjustable to load. 

Five sizes: Nominal range 10 to 135 tons. 

Non-Freeze Coil — Available in sections, wide range of capacities. 

Commerc^l Refrigeration — Storage refrigerators, display cases, beverage coolers, 
bakers refrigerators, frosted food cabinets, beer dispensing equipment and drinking 
water coolers in wide ranges of sizes and capacities. 


UNIT HEATERS 

Unit Heater — ^Suspended- — Disc Fan. For commercial or industrial buildings. 

Twenty-one sizes: Heating range 24,000 to 475,000 Btu per hour. Air capacity 625 to 5250 cfm. 

Gas-Fired Unit Heater — ^Suspended — Disc Fan. For commercial or industrial buildings . 
Nine sizes: Heating range 45,650 to 332,000 Btu per hour output. Air capacity 800 to 5400 cfm. 

Gas-Fired Unit Heaters — Floor Mounted — Disc Fan. Commercial or industrial use. 
Two sizes: Heating range 45,650 to 62,250 Btu per hour output. Air capacity 800 to 1350 cfm. 

Gas-Fired Duct Heaters — For commercial or industrial buildings. 

Seven sizes: Heating range 44,000 to 240,000 Btu per hour. 

Five-Way Unit Heater — Suspended. For industrial heating. 

Fourteen sizes: Heating range 18,600 to 579,000 Btu per hour. 

Heat Diffusing Unit — Suspended — Centrifugal Fan. For industrial service. 

Twenty sizes: Heating range 130,000 to 900,000 Btu per hour. Air capacity 3400 to 13.700 cfm- 

Heat Diffusing Unit — Floor Mounted — Centrifugal Fan. 

Twenty sizes: Heating range 130,000 to 900,000 Btu per hour. Air capacity 3400 to 13.700 cfm. 

Fan Units Suspended — Centrifugal Fan. For exhausting fumes in industries. 

Five sizes: Air capacity 3070 to 20,120 cfm. 

Floor Mounted — Centrifugal. For exhausting fumes in industries. 

Six sizes: Air capacity 3070 to 20,120 cfm. 
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Clarage Fan Company 

Kalamazoo, Michigan 


Sales Engineering Offices 



in All Principal Cities 


(Consult Telephone Directory) 

CLARAGE AIR HANDLING AND CONDITIONING EQUIPMENT 


For Over a Quarter-Century Clarage has been a 
leading manufacturer of air handling and conditioning 
equipment. There is a Clarage fan or blower, condi- 
tioning unit or system to meet every need, from the 
simplest ventilating or cooling job to the most exacting 
temperature and humidity control installation. 

Whatever your ventilating, unit heating, cooling, 
drying, air cleaning, humidifying, dehumidifying or 
complete air conditioning problem, we can meet your 
requirements successfully and economically. 

Clarage Experience covers every conceivable type 
of installation, commercial, industrial and public build- 
ing. Clarage equipment is used in the largest industrial 
plants, office buildings, auditoriums, theatres, hotels, 
restaurants, retail stores, hospitals, churches and schools. 

Architects, Engineers and Contractors find our 
service specially helpful. This Company is an inde- 
pendent manufacturer selling through regular trade 
channels, and cooperating fully with those who specify 
and those who install. Your inquiry for data on any 
Clarage product is invited. Write for Bulletins. 



Clarage Fan with Vortex {con- 
stant speed) Volume Control for 
ventilation and air conditioning. 



Unitherm Unit Heaters 
with Syncrotherm Temperature 
Control for factory heating. 


872 



Clarage Systems for complete air 
conditioning tn public buildings 
and industrial plants. 



Multitherm Units for complete 
conditioning, summer cooling, or 
winter heating. 



Unicoil Units used in conditioning 
systems for air cleaning, cooling, 
heating and humidity control. 



Unitherm Unit Coolers for pro- 
duct cooling and refrigeration. 





Air Conditioning 


Central 

Systems 


Parks-Cramer Company 

Fitchburg, Mass. Charlotte, N. C. 

CERTIFIED CLIMATE 

Complete Air Conditioning Systems including Heating, 

Cooling, Humidifying or De-humidifying, Air Changing, 
Refrigeration, Air Filtering, Air Washing 

AUTOMATIC REGULATION 

Merrill Process System of Hot Oil Circulation for Heating Industrial Materials 



Central Station 


Central Station Air Conditioning 

Centrally located AIR WASHER. Proper moisture. 
Positive, pre-determined air removal or re-circulation. 
Heating coils and refrigeration optional. Helps such 
industries as Celluloid; Cement; Ceramics; Cereals; 
Cigars, Cigarettes and Tobacco; Clothing; Confection- 
ery; Glassine; Leather; Paper and Envelopes; Printing 
and Lithographing; Shoes; Starch and Dextrine; 
Storage of Perishables; Textiles; Wood Products. 
Similar installations effective in Hospitals, Art Gal- 
leries, Auditoriums, Restaurants. 



High Duty Humidifier 



Psychrostat 



Pettifogger 


Air Washer or Central Station Units. 

Nozzles for Central Station Air Washers. 

High Duty Humidifier 

Water under pressure generates spray. Excess water 
returns to filter tank and re-circulates. Evaporation per 
unit highj two sizes of heads each with three sizes of 
nozzles give^ flexible capacity for varying conditions. 
Circulation increased by individual motor-driven fan. 
Spray thoroughly diffused and distributed over wide area. 

Turbomatic Humidifier 

(not illustrated) 

Efficient humidifier of the atomizer type. For direct 
humidification, as humidity boosters for Central Station 
systems of all makes. Self-cleaning. 

Parks Automatic Airchanger 

For use with High Duty or Turbomatic Humidifiers. In- 
sures fixed humidity and maximum evaporative cooling. 


Automatic Regulation 

The Psychrostat for accuracy, durability, sensitivity. 
jEmploys the principle of the Sling Psychrometer, used 
in all U. S. Weather Bureau Stations. Hygrostat (not 
illustrated) where requirements are not so exacting. 
An Air Conditioning System is no better than its 
Regulation. 

The Pettifogger 

A compact humidifier for offices, stores, storerooms, 
laboratories, or other isolated departments. Self-con- 
tained in lacquered copper casing. Permanently though 
flexibly connected to water and electrical supplies. 
Automatic control. Adjustable capacity. Reduces 
dust. Neutralizes drying effect of heating. 
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Air Conditioning 


Central 

Systems 


United States Air Conditioning Corporation 


Heating, Cooling, 
Ventilating and 
Air Conditioning 
Equipment 



For Industrial, 
Commercial and 
Residential 
Applications 


General Offices and Factory: Northwestern Terminal, 

Minneapolis, Minn. 






USAirCo Blowers 

Heavy and light duty blowers, single 
or double inlet, in sizes and capaci- 
ties for any heating, cooling, ventila- 
ting and air conditioning application. 

USAirCo Air Washers 
Single, double or triple stage 2,500 
to 100,000 cfm for cleansing, cooling 
by cold water or refrigerant, humidi- 
fying or dehumidifying. 

USAirCo Heating Units 
Suspended types with Deflecto dif- 
fusing grilles. Floor or wall type 
blower heaters. Sizes and types for 
every heating need. 

USAirCo Cooling or 
Heating Cores 

Five standard series for central sta- 
tion heating or cooling applications. 

USAirCo Cooling Units 
Suspended type for cold water or 
direct expansion applications. 

USAirCo Blower Filters 
Complete assemblies for warm-air 
furnace applications. 

Kooler-aire Package Units 
Complete self-contained units for 
refrigerative, cold water and evapor- 
ative cooling. Also room coolers 
and humidifiers. 

USAirCo Deflecto Grilles 
Patented diffusing grilles for con- 
trolled directional distribution of air. 

Write for Latest USAirCo Catalog 
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Air Conditioning 


Central 

Sysiema 


York Ice Machinery Corporation 

York, Pennsylvania 

Factory Branches and Distributor Engineering 
and Sales Offices throughout the World. 

Air Conditioning and Refrigeration for maintaining proper atmos- 
pheric conditions for human comfort and industrial processes. 
Installations of unit and central systems in a complete range of 
capacities and types for every design requirement. 



York Turbo Comlnressor 



Yorkaire Beating Unit 



York V-W Condensing Unit 


Air Conditioning Units: A complete line of finned coil, 
dry coil, wetted surface and spray type sectional air con- 
ditioners for horizontal or vertical applications, designed 
to facilitate installation and the distribution of air. 
Standard units can be equipped with by-pass feature and 
arranged for cooling and dehumidifying, heating and 
humidifying, for year-round comfort. 

Yorkaire Heat and Winter Air Conditioning — A com- 
plete line of York equipment is available for residential 
or small commercial heating and winter air conditioning 
installations. Direct fired furnaces, and boilers for 
steam or hot water can be furnished for burning oil, gas, 
or coal. Stokers and conversion oil burners complete the 
catalog. Related apparatus for use with YORKAIRE 
HEAT units provides complete equipment for year- 
round air conditioning systems for homes and small 
business establishments. 

Dehumidifiers — For central station systems where a large 
volume of air is to be handled and where control of 
humidity is an essential requirement, the York dehumidi- 
fier is especially applicable. Construction features insure 
a minimum space demand and maximum performance 
conditions. Standard washers are available in a full 
range of capacities for human comfort or industrial instal- 
lation. Air washers can be furnished also for use as 
indoor condensing water cooling towers when specified. 

The York Economizer — A combined forced-draft cooling 
tower and refrigerant condenser, is available for instal- 
lations where prohibitive water costs or inadequate 
drainage facilities preclude the use of a water cooled 
condenser. Standard factory constructed and built-up 
units may be used singly or in multifile for applications 
of any specified capacity. Economizers for use with 
Freon as the refrigerant are furnished, as standard, with 
a liquid sub-cooling coil. 

Condensing and Water Cooling Systems— Standard 
systems are available for every application requirement 
up to 1,200 hp capacity using a single compressor. 
Self-contained units up to 300 hp feature the YORK 
line. These units are furnished with water cooled con- 
densers or without condensers for economizer appli- 
cations. 

Automatic or manual capacity reduction by-pass valves 
can be provided for economical operation at reduced load. 

All materials and manufacturing methods employed in 
the construction of the York Freon Condensing and 
Water Cooling Systems conform to the high standards 
and efficient operating characteristics of all YORK pro- 
ducts and carry performance guarantees based on 
Refrigeration Manufacturers' Association and Air Con- 
ditioning Manufacturers' Association ratings. 
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Air Conditioning 


Central 

Systems 


Westinghouse Electric & Manufacturing Co. 



653 Page Blvd., Springfield, Mass. 

Sales, engineering and service available through 
Authorized Engineering Contractors in all principal cities 


UNIFIED Air Conditioning Equipment for Commercial Building Applications 



APPLICATION — Westinghouse equip- 
ment provides air conditioning for every 
building application. Every unit is engi- 
neered by Westinghouse and applied in 
carefully engineered installations. 

COMPRESSORS AND CONDENSING 
UNITS — Hermetically-sealed to conserve 
power and efficiency. Dust, dirt and trouble 
sealed out. No seal leaks. All operating 
parts accessible. Lightweight, compact. 

WATER CHILLING UNITS— Avail- 
able in five sizes from 5 to 110 tons of re- 


frigeration. Highly efficient vertical, semi- 
flooded type, designed for air conditioning 
with chilled water. 

AIR CONDITIONING UNITS— In- 
corporate blower, heat transfer surfaces, 
humidifiers and filters. Horizontal and 
vertical types. 

AQUAMISERS (Evaporative Con- 
densers) — Reduce water consumption 
90 per cent to 95 per cent. Sizes to niatch 
all compressors in which water consump- 
tion is a factor. 


Type 

Hp 

1 Capacity Btu per Hour | 

Dimensions — Inchesf 

Approx. Net 
Weight Lht 

A.S.R.E. Rating** 

Maximumt 

Length 

Width 

Height 

CLD- 45 

1 

12000 

15700 

231/2 

18 

16/8 

235 

CLD- 90 

21/2 

26900 

41000 

21 

201/2 

36/2 

440 

CLD- 135 

33/4 

41000 

60800 

21 

20/2 

3614 

460 

CLD- 205 

5 

69600 

94400 

32 

22 

36 

572 

CLD- 275 

71/2 

90000 

124000 

321/4 

213/4 

325/4 

590 

CLD- 415 

10 

120000 

163000 

341/2 

223/4 

35/4 

630 

CLS- 550 

15 

181000 

255000 

64 

191/2 

40/2 

1720 

CLS- 640 

20 

222000 

302000 

80^4 

1914 ' 

4014 ' 

,2080 

CLS -850 

25 

294000 

393000 


1914 

404 

2080 

CLS -1320 

40 

455000 

615000 

881/8 

3054 

44/4 

3090 

CLS -1980 

60 

653000 

896000 

881/8 

305/8 

44/4 

3090 

CLS -2550 

75 

915000 

1155000 

93^4 

34 

61 

6000 

CLS -3400 

100 

1240000 

1529000 

951/4 

34 

64 

6590 


**Rating at 37 lb suction, 65°F suction gas temperature, condenser water 75®F entering, 95°F leaving. 
tRating at 50®F evaporating temperature, 25°F superheat and 100 lb per square inch condensing pressure. 
JDimensions and weights are for complete water-cooled condensing units. 

{See also Page 9S2) 
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Wesiinghouse Electric & Manufacturing Co. Air Conditioning 


Central 

Systems 


Air Conditioning Units 


Nominal Dimensions — Inches 

edacity 

Length I Width I Hdght 


480- 1120 
810- 1890 
1110- 2590 
2580- 3870 
2580- 3870 
4080- 6120 
4080- 6120 
4930- 7394 
4930^ 7394 
5800- 8700 
5800- 8700 
7874-11812 
7874-11812 


Aquamisers 

(Evaporative Condensers) 


300 EV- 10 


612 EV- 
615 EV- 
794 EV- 
826 EV. 


EV- 90 859000 127 


1550 fNet refrigerant capacity 
II air and 110°F condensing 


1 Dimensions — 

Inches 

A^r^. 

Length 

Wzdth 

Height 

INet 

Weight 

Lb 

68V8 

311/4 

62'A 

719 

681/8 

311/4 

621/4 

832 

891/8 

381/4 

69V2 

1266 

891/8 

381/4 

691/2 

1376 

1151/8 

427/8 

74/2 

1863 

1151/8 

43/4 

74/2 

2065 

1173/8 

55/4 

881/2 

2931 

1173/8 

83Vfl 

104 

3902 

127 

621/2 

I30’/8 

4180 

1283/8 

821/2 

1323/8 

5990 

1311/2 

I021A 

1343/8 

6770 


at 75 ®F WB entering 
temperature. 


HOW TO SELECT — Fit equipment to meet total Btu load. 

WHERE TO BUY — Consult classified telephone directory or nearest Westinghouse 
district office for name of Authorized Contractor. 


SELF CONTAINED SYSTEMS 


Mobilaire 

^ Compact, self-contained units for in- 
dividual room cooling in homes, offices, 
hotels, apartments. Attractive cabinets 
of modern design and finish. Details 
available on request. 


Unitaire 

Compact, self-contained units for 
retail stores, restaurants, and other 
businesses, also for home use. Avail- 
able in either “within-the-space” or 
“central plant” types. Quick economi- 
cal installation either singly or in 
combination. Nine sizes. 


Unitaire Specifications 


Type 

*Hp 

Dimensions — Inches 




Depth 

Width 

Height 

Weight 

Lb 

CU-45 

1 

24 

38 

26 

450 

SU- 20 

2 

24 

36 

45 

750 

SU- 30 

3 

24 

40 

593/4 

900 

SU- 50 

5 

233/4 

461/2 


1455 

LU-275 

71/2 

t34 

54 

693/4 

1970 

LU-415 

10 

T34 

687/8 

72 

2300 

LU-550 

15 

t34 

B 2 Y 2 

66 I /2 

3350 

LU-640 

20 

•34% 

100 

731/4 

4000 

LU-850 

25 

f34*% 

100 

731/4 

4200 


'•'Net capacity with normal air flow, entering 80 deg DB, 
67 deg WB and condenser water inlet 75 F, outlet 95 F. 
tAdd 14H in. for overall dimensions with filters. 
*Add in. for overall dimensions with filters. 
tAidd 25H in. for overall dimensions with filters. 


TYPICAL UNITAIRE PACKAGED SYSTEMS 



Model SU-30 
FLOOR TYPE 
(.Shp) 

(Also available in ^ and 
5 hp sizes) 


Model CU-4S 
CEILING TYPE 
(Ihp) 


Modd LU-m 

CENTRAL-PLANT TYPE 

(7H hp) 

(Also available in 10, 15, HO, 


and 25 hp sizes) 
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Air Condiiionini 


Heating 
and Cooling 


CHRYSLER ^►AIRTEMP 

AIRTEMP DIVISION OF CHRYSLER CORPORATION, DAYTON, OHIO 



RADIAL COMPRESSOR 
Sizes range from 10 H.P. to 75 H.P. capa- 
city, for use with Freon for air conditioning 
or heavy duty industrial applications. Air- 
temp radial compressors are directly con- 
nected, have force-feed lubrication. Auto- 
matic starting unloader and automatic 
capacity-reduction unloader give high 
operating efficiency. Shipped ready to 
run — easy to install — no special founda- 
tion necessary. 

CONDENSING UNITS 
Designed for efficient, 
low- temperature control. 

Radial compressor saves 
weight. Directly con- 
nected motor and com- 
pressor sealed in oil. 

Force-feed lubrication 
and automatic starting 
unloader. Available in 

H.P. to 5 H.P, capacities. Open type 
units available in ^ H.P., H H.P., H.P. 
and H.P. sizes, 

“PACKAGED” AIR CONDITIONER 
Cools, dehumidifies, 
cleans and circulates 
the air. Free dis- 
charge or duct distri- 
bution. Heating coil 
(steam or hot water) 
and humidifier can be 
added to provide 
year-’round service. 
Sealed radial com- 
pressor has automatic 
starting unloader. 
Water-cooled con- 
denser for use with 
city water or cooling 
tower. Shipped with 
all controls — ready to 
install. Enameled 
"Bonderized” steel 
cabinet. Available in 
3 and 5 ton capacities. 





YEAR-’ROUND AIR CONDITIONER 
WITH WARM AIR FURNACE 

This combination heating and cooling unit 
for homes consists of an Airtemp air-con- 
ditioning furnace and a “packaged” cool- 
ing unit of 3 hp capacity. It gives complete 
year-’round air conditioning with same 
system of ducts, same blower and filters. 
Heating unit can be any Airtemp winter 
air conditioner shown on opposite page, 
except the smallest sizes. 

YEAR-’ROUND AIR CONDITIONER 
WITH BOILER 

For home and small store 
installation, Airtemp 
“Percolator” boiler and 3 
hp or 5 hp packaged air 
conditioning unit may be 
connected to provide both 
heating and cooling. 

Steam coil and humidifier 
in cooling unit. Units 
may be installed together 
or separated in various 
convenient arrangements. 



VAPORIZING OIL-BURNING 
WATER HEATER 

Uses efficient vaporizing burner 
with a special, economical pilot ““ 
flame. Completely insulated. * 
Thermostatically controlled. . 
20-gallon size provides plenty 
of hot water for average family. 

30- and 45-gallon sizes also 
available. No gas or electrical 
connection necessary. Installs 
anywhere. Heater is approved 
by Underwriters’ Laboratories, 

Inc. — the mark of safety. All 
sizes have a 30-gallon-per-hour 
heating capacity, based on 100° water 
temperature rise. Economy pilot flame. 
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Air Conditioning • Heating 


CHRYSLER »rAIRTEMP 

AIRTEMP DIVISION OF CHRYSLER CORPORATION, DAYTON, OHIO 



VAPORIZING OIL-BURNING WINTER AIR CONDITIONER 


55,000 Btu output. Completely 
automatic. Models for gravity 
— forced-air or complete winter 
air conditioning. Sure-Draft fan 


assures highest overall efficiency. 
Bonderiz^ and insulated jacket. 
Approved for closet installation, 
Underwriters Laboratories, Inc. 




OIL-FIRED WINTER 

Heats, humidifies, filters and 
circulates the air. Five models, 
from 70,000 to 160,000 Btu out- 
put. “Bonderized” and insu- 
lated jacket. Metal combustion 


AIR CONDITIONER 

chamber, seam- welded firebox of 
copper-bearing steel; large, slow- 
speed, rubber-mounted fan. Air- 
temp conventional or Twin Air- 
flow oil burners on larger models. 


GAS-FIRED WINTER AIR CONDITIONER 


Heats, humidifies, filters and 
circulates the air. Steel-firebox 
models from 70,000 to 130,000 
Btu output. Cast-iron firebox 
models from 50,000 to 200,000 
Btu output. **Bonderized’* and 


insulated jacket. The Airtemp 
“Silent Flame” Gas Burner 
starts, stops and operates quiet- 
ly, has many exclusive features 
— no popping or flash-backs. 
Approved, A.G.A. Laboratories. 





PERCOLATOR BOILERS— OIL- OR GAS-FIRED 


Three oil-fired models from 400 
to 1700 E.D.R. (steam). Three 
gas-fired models from 400 to 
1050 E.D.R. (steam). Fire 
chamber surrounded with water 


on all sides and bottom. High 
efficiency and faster heating re- 
sult from “percolator” principle. 
Steam or hot water. “Bonder- 
ized” and insulated jacket. 


COAL FIRED FURNACES— FORCED-AIR— GRAVITY 


Forced-air models in cast iron 
and steel. Sizes from 226 to 
346 sq in. grate area in steel — 
and from 258 to 384 sq in grate 
area in cast iron. Oversized 
blower motor mounted in rubber, 


has automatic overload and low- 
voltage protection. Gravity 
models in cast iron and steel — 
sizes from 226 to 452 sq in. grate 
area, steel; 204 to 452 sq in. 
grate area, cast iron. 


OIL BURNERS 


Model A-8; A conventional oil 
burner, .75 to 1.35 gallons No. 3 
furnace oil per hour. 

Model B-9: The exclusive 
Airtemp Twin Airflow Oil Bur- 
ner, 1.35 to 3.0 gallons No. 3 
furnace oil per hour. Air for 
combustion is furnished by two 
fans and adjusted at the outlet, 
not the inlet of the fans. 

Model B-10 and C-10: A con- 
ventional pressure-atomizing oil 
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burner, 1.35 to 4.5 gallons No. 3 
furnace oil per hour. 

All Airtemp Oil Burners are 
approved by Underwriters’ Lab- 
oratories, Inc., and bear the seal 
of the Official Inspection Agency 
of the Oil Burner Industry as 
evidencing compliance with com- 
mercial Standard CS75-39, as is- 
sued by the National Bureau of 
Standards of the U. S. Depart- 
ment of Commerce. 



Air Conditioning 


Direct 
Fired Units 


Delco Appliance Division 

General Motors Corporation 


BACXFD BV 



Rochester, N. Y. 


Delco Offers a Complete Line of Automatic Heating Products, including: Oil 
burners, bituminous coal stokers, oil-fired boilers, oil and gas-fired winter air conditioners, 
automatic water heaters, thermostats and master controls. Write to Delco Appliance 
Division, General Motors Corporation, Rochester, N. Y., for latest information and 
detailed specifications, or consult your local Delco-Heat distributor whose address is 
listed in the classified section of your telephone directory. 


DELCO AUTOMATIC HEAT 



Model Oil Burner 
•with Rotopower Unit 


OIL BURNERS 

Delco Oil Burners employ the highly efficient pressure 
atomizing method of breaking the liquid fuel into fine 
particles for complete combustion. In the Delco Oil 
Burner with the Rotopower Unit, the motor, air 
blower, fuel pump, filter and fuel control valve are all 
contained within a single, easy-to-remove unit on an 
integrated shaft. The high-precision pump connecting 
directly to the shaft of the Rotopower Unit motor 
has only two moving parts, fitted together within 
2/10,000ths of an inch. 

Built into the Rotopower Unit is the Thin Mix Fuel 
Control which regulates the pressure of the fuel oil for 
proper mixing with air to assure the most economical 
flame. Delco Oil Burners are available in 4 sizes in 
standard voltage characteristics with combustion rates 
from 1 to 15 gal per hour or a capacity range from 
440 to 5,400 sq ft of steam, EDR. 


BITUMINOUS COAL STOKERS 



SD'BO Stoker 


Delco Stokers which are designed to provide automatic 
firing for coal-fired domestic heating plants are of the 
underfeed, screw type with intermittent coal feed. A 
20-pound, 30-pound and 50-pound stoker, burning 
bituminous coal, make up the Delco line. Features 
incorporated in deluxe models include: automatic con- 
trols, air control, Rhino-Hide lined hopper, smokeback 
eliminator, oversize feed worm, and sound insulation. 

Fingertip transmission control permits ease of regu- 
lation of coal flow to suit the weather. Coal control 
consists of two speeds and neutral in 20-pound model; 
three speeds and neutral in 30-pound and 50-pound 
models. Using 12,000 Btu per pound coal, capacity 
of 20-pound model is 600 sq ft steam EDR, 30-pound 
models, 900 sq ft steam EDR, and 50-pound models, 
1500 sq ft steam EDR. 
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Delco Heat 


Air Conditioning 


Direct 
Fired Units 


DELCO AUTOMATIC HEAT 


BOILERS 

Delco Automatic Boilers coordinate the Delco Oil 
Burner with a boiler of special design and construction 
for application on hot water, steam, or vapor-vacuum 
heating systems. Most oil-fired models incorporate the 
famous Delco Oil Burner with the Rotopower Unit. 
Boiler sections are dotted with heat-absorbing fins. 
When sections are fitted together, fins form a series of 
passes, exposing a maximum of water-backed surface to 
the heated gases. Provision is made in all models for 
incorporating a built-in domestic water heater, and a 
coil for this purpose is included with each boiler. Five 
oil-fired automatic boilers, with capacities ranging from 
350-1,335 sq ft of steam, EDR are available. 


WATER HEATER 

The Model DS Delco Automatic Water Heater 
resembles the Delco boilers in construction and oper- 
ation. It employs the Quik-Action Heat Transmitter 
which conveys radiant heat with greatly increased 
speed; the simplified Rotopower Unit Delco Oil Burner 
that contains all moving parts within a single, easily 
removed unit on^ an integrated shaft; the Thin Mix 
Fuel Control which meters fuel oil economically and 
prevents waste; and the Heat Trap, a special baffle that 
conserves heat ordinarily lost. The square case, which 
is assembled and added to the unit after tank has been 
placed in position, makes installation easier and adds to 
the appearance of the finished job. 




The DS Water Heater 


CONDITIONAIRS 

The Delco Conditionair is a compact, completely 
automatic unit, oil or gas-fired, which provides true 
winter air conditioning by circulating cleaned, humidi- 
fied and properly heated air. Model DAOO Delco Oil 
Conditionair incorporates the new, exclusive Quik- 
Action Heat Transmitter. Air flow resistance is reduced 
to a minimum by tear drop design. Heat is transferred 
to the flowing air from a large heating surface dotted 
with heat projectors, and moisture is then added by 
a pan or spray type humidifier. A cooling attachment 
can be added for year 'round use. 

In Delco Gas Conditionairs there is a sufficient range 
in sizes to permit selection of the proper unit for 
applications ranging from 46,750 Btu heat loss to 
102,000 Btu heat loss. Delco Conditionairs, oil-fired, 
range in size from 72,250 Btu heat loss to 170,000 Btu 
heat loss. 



The Delco DAO Conditionair 
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Air Conditioning 


Automatic 
Heating Systems 


Industries, Inc. 


7924 Riopelle Street 

Detroit, Michigan 


TEMPERED-AIRE UNITS 

A high efficiency, direct fired heating unit 
incorporating a large-volume firebox, an in- 
tegral economizer, a coordinated oil burner 
combustion chamber firing unit, a flash type 
humidifier, washable cloth filters, and a low 
speed rubber mounted blower. 

The primary transfer of heat occurs in the 
large firebox, having its outlet at the bottom, 
through which the hot gases pass down into the 
economizer. Here the gases divide into long 
thin slices, within the economizer tubes. Each 
tube is swept at high velocity by cold return air 
from the blower. The rapidly flowing cool air 
absorbs a maximum of heat from the economizer surfaces. 

The burner and firebowl combustion chamber are built together 
as an actual unit, with the back end of the firebowl forming a 
windbox containing air for combustion at sufficient pressure to 
offset the effect of draft variations. Air from the windbox passes 
through metering chutes, set at an angle to cause rotation. Both 
air and oil rotate and intermingle in a conical spray, resulting in a 
definitely controlled flame entirely contained within the firebowl. 




Gar Wood 
Tempered-Aire Home Unit 


Ratings and Dimensions 


1 No. 101 



No. 401 

No. 501 

B.T.U. 1 Hour at Bonnet 

85,000 

100,000 

135,000 

200,000 

300,000 

400,000 

B.T.U. 1 Hour at Gnlles 

68,000 

80,000 

110,000 

160,000 

240,000 

320,000 

*Air Delivery CJ’.M 

850 

1,000 

1,350 

2,000 

3,000 

4,000 

Heating Surface, Sq. Ft. . 

40 

54V2 

64 

86 

124 

164 

Firebox Volume, Cu. Ft. 

61/2 

11 

13 

15 

22 

29'/2 

Filter Area, Sq, Ft. . . . 

Motor H.P. — Blower . 

30 

30 

48 

52 

78 

78 

1/6 

1/5 


1/3 


1 

131 

Overall Length, Inches. 

71 

77 

89 

116 

Overall Width, Inches , 

29'/4 

32 

32 

365/8 

45 

45 

Overall Height, Inches. . 

48 

54 

54 

57 

65 

65 

Dimension — ^Supply Opening. 

28y4''xl43/4^ 

28y2-xl43/4^ 

lO^'xlO"' 

35^x163/4^ 

36>/2"x163/4^ 

321/2''xI63/4^ 

14^x14^ 

363/4^x163/4^ 

36^^x163/4'^ 

16'^xI6'^ 

50^x21%'' 

65''x2P/4^ 

Dimension — ^Retum Opening. 
Blower Wheel, Size 

281/2^x163/4^ 

12^x12^ 

20'^x20" 


Shipping Weight, Po^ds 

760 

900 

1,000 , 

1,200 

1,500 

1,800 

Stack Connection, Diameter . . 

T 

7^ 1 

8^^ 

9" 

TrW 

2-1 0'^ 

Recommended Chimney Size 

S''x]2''x3(y 

8^xl2''x30' 

8''xl2''x3(K 

12'^xl2'^x35' 1 

U»x](>''xA0' 

12'^xl6'^x40' 


^Ratings based on 160® bonnet temperature and 68® return temperature. Greater air deliveries with 
correspondingly lower bonnet temperatures may be had by the use of larger blower motors. 


SERIES “R” BOILER-BURNER UNITS 




mmm 

HyiHi 

Burner Model 

D 

D 

D 

Oil Jet Size — Gal. per Hr 

3.50 

5.00 

6.50 

Max. Net Steam Load. Sq. Ft. 

1000 

1400 

1800 

Max. Net Hot Water Load, Sq, Ft 

1600 

2240 

2880 

Max. Gross Steam Load, Sq. Ft. . 

Max. Gross Hot Water Load, Sq. Ft 

1500 

2100 

2700 

2400 

3360 

4320 

Heating Surface, Sq. Ft. 

84 

118 

154 

Size Steam Noz^e 

V 

2-4^ 

2-4" 

Size Return Connections 

2r2Vf 

2-2J/2^ 

2-3" 

Overall Height. Jacket 

Ovwall Width, Jacket 

685/4 

685/8 

685/8 

37i3ii 

371% 

37% 

Overall Length, Jacket 

Height Steam Nozzle 

593/4 

a 

a 

66 

683/8 

297/8 

80 

683/« 

Height Return Connections 

4. 

Height Extenud Heater Connection. . . . 

435/4 

Height Mean Water Line 

499^ 

49^ 

Height Smoke Pipe Adapter 

Hor. Distance Between Returns. . . 

40 

40 

1 40 

7 

7 

7 

Hor. Distance Between Steam Nozzles. . . 


18 

1 

Stack Size. 

12'" 

12" 

12" 

Recommended Chimney Size 

12"xl6'"x40' 

I2’'xl6"x45' 

16"xl6"x45' 

Water Capacity, Gals 

Shipping Weight, Lbs 

52 

2200 

69 

2500 

91 

1 2950 



SERIES “R” 

The series “R” Boiler- 
Burner Units are de- 
signed for larger instal- 
lations where their sepa- 
rate boiler shells and fire- 
boxes facilitate rigging 
and erection. 



Gar Wood Industries, Inc. 
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GAS-FIRED AIR CONDITIONING UNITS 

Three basic, high efficiency heat exchanger sections are used singly 
and in multiple to produce the nine different furnace units listed below. 
The horizontal types, approximately 4 feet in height, are ideal for base- 
ments with low ceilings. The vertical types occupy small floor space, 
and are particularly suitable for installation in heater utility rooms 
located on the first floor, where space is limited. 

The horizontal units feature the Gar Wood washable cloth filters for 
economy and collection of fine dust. An exclusive built-in diverter 
protects against varying and erratic drafts. A new humidifier provides 
adequate humidity. Canvas couplings for the air bonnets prevent sound 
telegraphing to the duct work. The large sized, slow speed, ball bearing, 
rubber mounted and canvas connected blower is driven by a hinge 
mounted motor with an adjustable speed pulley and^ built-in overload 
protection. These features assure adequate delivery of warm air throughout the 
house, and silent operation. 


Important — When ordering, specify B.T.U. content of gas. Vertical types arranged for bottom inlet 
of return air when specified on original order. 


Model 

1 

Input 

1 

Out- 

put 

Room 1 
Delivery 

2 

Heating 

Surface 

1 3 

j Air 
Delivery 

1 4 

1 Blower 
j Motor 

5 

Blower 1 
Size 

Flue 

Size 

L 

In. 

W 

In. 

H 

In. 

5 

Supply 

Opening 

1 5 

Return 

Opening 

6 

Ship. 

Weight 

60V 
84V 
120V 
84H 
120H 
168H 
240H 1 
360H 
480H I 

60 

84 

120 

84 

120 

168 

240 

360 

480 

48 
67 1 
96 I 
67 
96 
134 
192 
288 
384 1 

40 

56 1 
80 : 
56 : 
80 ’ 
112 
160 
240 
320 

29 

81 ! 
12 IV 2 
162 1 

480 1/6 

675 ; 1/6 

960 1 1/5 

675 ' 1/6 

960 1 1/5 
1340 , 1/4 
1920 1 1/3 
2880 1 2-1/4 
3840 lZ-1/3 

10x10' 

10x10 

12x12 

10x10 

12x12 

14x14; 

16x16 

2-14x14 

2-16xl6l 

6 

6 

7 

6 

7 

8 

9 

10 

11 

II?; 

1 42V 

615/ 

705/ 

66V 

1 

i 

'2 

L 

243/8 

i 

701/2 

681/4 

543/4 

543/4 

223/8x17 
22^8x23 
223/8x31 
201/2x22 
20y2x31 
36y2x22 
361/2x31 
521/2x31 
701/2x31 1 

223/8x25 

223/8x32 

223/8x40 

Ml 

361/2x31 

361/2x31 

521/2x31 

701/2x31 

320 

345 

375 

385 

415 

515 

570 

750 

900 


1-1000 BTU/HR 2-Sq. ft. 3-CFM 4-HP 5-Inches 6-Pounds. 



Gas-Ftred 
Vertical Unit 


SERIES “B” BOILER-BURNER UNITS 


For steam and hot water heating systems. Eight sizes: Series “B” 5 sizes; Series “R” 3 sizes 



Cross-sectional view of Models 135, 180 and S70 Models 135, 180 and 270 Models 120 and 165 


Series “B" 

B-120-W 

B-135-S or W 

B-165-W 

B-180-SorW 

0 

1 

Boiler Nozzle Output B.T.U./Hr 

Net Uad Rating B.T.U./Hr 

Boiler Nozzle Output Ft. 240 BT.U./Hr. 

Steam Radiation ... 

BoUer Nozzle Output. Sq. Ft, 150 B.T.U./Hr. 

Hot Water Radiation 

Net Load Capacity 240 B.T.U./Hr. Steam 

Radiation 

Net Load Capacity 200 B.T.U./Hr. Hot Water 

Radiation 

Net Load Capacity 150 B.T.U./Hr Hot Water 

Radiation 

Heatiiig Surface. Sq. Ft 

Oil Jet Size, G.P.H 

Burner Type 

Size Steam Nozzle 

Size Return Connection 

Stack Size . 

Recommended Chimney Size 

Water Capacity, Gallons — ^Steam 

Water 

Internal Tankless Water Heater (Dual Coil) 
Internal Tank Type Water Heater (Single Coil) . , 
Shipping Weight — Pounds 

120.000 

80,000 

800 

400 

533 

30 

1.20 

“0" 

1-3" 

1-3" 

7" 

8"xl2"x30' 

14 

885 

135.000 

90.000 

562 

900 

375 

450 

600 

35 

1.35 

“O'* 

1-3" 

1-3" 

8" 

8"xl2"x30' 

40 

51 

3^* 

1000 

165.000 

110.000 

1100 

550 

733 

40 

1.65 

“0" 

1-3" 

1-3" 

8" 

8"xl2"x35' 

20 

1100 

180.000 

120.000 

750 

1200 

500 

600 

800 

46 

1.80 

1 “0” 

j 1-3" 

1-3" 

8" 

12"xl2"x35' 

46 

64 

200* 

30* 

1300 

270.000 

180.000 

1125 

1800 

750 

900 

1200 

64 

2.70 

“0" 

1-4" 

1-4" 

9" 

I2"xl6"x40 

64 

88 

200* 

30* 

1585 


♦Gallons per Hour 80® Temperature Rise at 180® Boiler Temperature, 
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NORGE HEATING and CONDITIONING DIVISION 

BORC-WARNER CORPORATION 

12345 Kercheval Ave., Detroit, Mich. 



NORGE Fastemp OIL-BURNING FLOOR FURNACE 
Model OC-60 — 60,000 Btu, Bonnet Output 

Modern “under-floor” vaporizing unit, needs no furnace 
room. Extends down only 36 inches, controlled from the room 
above through floor grille. Low first cost (about the same as 
a space heater), no duct work or pipes. 

“L ’’-shaped heat distributor with 25-40 per cent more 
heating surface and Permolain finish inside and outside to 
resist heat, acids, soot, rust; Down- Draft Whirlator feeds air 
into heart of flame; automatic chimney draft regulator; con- 
stant-level oil meter; 36 in. high, 28 in. wide, 40 in. deep. 



NORGE Fastemp OIL-BURNING FURNACE 
Model OB-60 — 65,000 Btu, Bonnet Output 

Gravity circulation vaporizing unit for basement installation. 
A package” unit, ready to set in place and connect to ducts, 
and oil supply. Low first cost (about the same as a space 
heater) and low installation cost. Economical. 

’’-shaped heat distributor with 25-40 per cent more 
heating surface and Permolain finish inside and outside to 
resist heat, acids, soot, rust. Down-Draft Whirlator feeds 
air into heart of flame; automatic chimney draft regulator; 
constant-level oil meter; thermostatic control; 44 in. high, 
26 in. wide, 40 in. deep. 



NORGE Fastemp OIL-BURNING FURNACE 

Model OA-63 — 65,000 Btu, Bonnet Output Basement, 
70,000 B. T. U. Output First Floor 

Modern, semi-automatic vaporizing unit for installation in 
ground floor utility room, pit or basement. Actually costs 
less than many an old-fashioned furnace. 

Silent, rubber-mounted blower, thermostatic control, 
800 C. F. M.; “ L ’’-shaped heat distributor with 25-40 per cent 
more heating surface and Permolain finish inside and outside 
to resist heat, acids, soot, rust; Down-Draft Whirlator: 
automatic chimney draft regulator; constant-level oil meter; 
44 in. high, 24 in. wide, 40 in. deep. 



NORGE OIL-BURNING FURNACE 

Model OD-70 — 70,000 Btu, Bonnet Output Pressure 

Vaporizing 

Specificially designed for Government Agency contracts. 

Modern, vertical unit; 500-900 C. F. M. Only 26 in. 
square, can be installed 2 in. from wall either side. Converts 
to winter air conditioner by adding filters and humidifier. 
Long life Permolain heat exchanger. Automatic draft sup- 
plied by 2-stage fan; low voltage thermostat; combination fan 
and limit control; safety float valve; fast, low-cost installa- 
tion; factory wired; all controls fully automatic; meets every 
government code regulation including CS-75-39; 67 in. high, 
26 in. square. 
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KOtCE HEATING AND CONDITIONING DIVISION 
DORG-WARNEI CORPORATION . . . DETROIT, MICH. 




NORGE OIL-BURNING WINTER AIR CXINDITIONER 

Model OE-80 — 80,000 Btu, Bonnet Output 

Horizontal pressure — vaporizing unit, 900 C. F. M.; for jobs 
requiring greater capacity than average small home. Base- 
ment or utility room installation within 2 in. of one sidewall 
and 9 in. at back. Permolain heat exchanger. Automatic 
draft from 2-stage fan; low voltage thermostat; combination 
fan and limit control; safety float valve; safety warp switch; 
fast, low cost installation; all controls fully automatic; meets 
every government code regulation including CS 75-39; 50 in. 
high, 26 in. wide, 47 in. deep. 



NORGE OIL-BURNING WINTER AIR CONDITIONER 

Model 0-90 — 90,000 Btu, Bonnet Output 

Fully automatic pressure atomizing type unit. 950 C. F. M.; 
automatic draft by “pull-through” fan; 1 — 20 in. filter, 
single power unit; centralized visible servicing, low operating 
cost; quick low-cost installation; factory wired; automatic 
humidifier; horizontal firing tunnel; spiral "ramp” econo- 
mizer; electric ignition ; 53 in. high x 33 in. wide x 49 in. deep. 



NORGE OIL-BURNING WINTER AIR CONDITIONER 

Model 120 — 120,000 Btu, Bonnet Output 

Fully automatic pressure-atomizing type, oil-burning unit. 
1200 C. F. M.; automatic draft by "pull-through” fan; 
2 — 16 X 25 in. filters; with automatic safety by-pass single 
power unit; centralized visible servicing; low operating cost; 
quick low-cost installation ; factory wired; factory tested; 
automatic humidifier; horizontal fire tunnel; spiral "ramp” 
economizer; electric ignition; basement or utility room instal- 
lation; 62 in, high, 40 in. wide, 57 in. deep. 


NORGE OIL-BURNING WINTER AIR CONDITIONER 

Model BO-9 — 165,000 Btu, Bonnet Output 

Modern, brilliantly engineered, deluxe unit for the larger 
home. Efficiency rating 84 per cent; 1500 C. F. M.; 2 filters 
with automatic safety by-pass; pressure atomizing oil burner; 
low operating cost; quick low-cost installation; factory tested; 
automatic humidifier; horizontal fire tunnel; spiral "ramp” 
economizer; electric ignition ; 64 in. high, 40 in. wide, 68 in. deep. 

SEE NORGE BEFORE YOU BUY! 

Send for detailed information, regarding these Norge Units. 
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The Quincy Stove Manufacturing Co. 

Quincy, Illinois — U. S. A. 

MONOGRAM Automatic Oil Burning Furnaces 

MONOGRAM Turbulent- 
Flame Vaporizing Oil Burner 

An important factor in the high efficiency 
of all MONOGRAM Heating Equipment is 
the MONOGRAM Turbulent-Flame Vapor- 
izing Oil Burner — a new method of oil 
burning. No moving parts, nor frequent 
cleaning or servicing. Products of com- 
bustion are confined to the heating drum, 
and oil vapors, gas, or products of combus- 
tion can not escape into the building. The 
burner is continuously in operation — either 
on low or high flame, and maintains sufficient burner temperature to completely vaporize 
oil so that combustion occurs immediately when oil enters the burner — quick, efficient. 

The cycle of operation from low fire to high fire and again reducing to low fire is gradual 
and without puff or explosion. In case of electric power failure the burner operates on 
low fire without danger of flooding, and can be operated manually by adjusting the oil 
flow and the draft regulator as required. Burner approved by the Underwriters’ Lab- 
oratories, Inc. 

Ten Furnace Models 

Three sizes of Booster Gravity Units for quick 
and inexpensive change from coal to automatic oil 
heating, equipped with limit control, mechanical 
draft, and thermostat — these three models may be 
equipped with blowers for Full-Forced Circulation. 

Three sizes of Full-Forced Winter Air Conditioning 
units complete with air filters, automatic humidi- 
fiers, blowers, economizers, mechanical draft, limit 
control, blower switch and thermostat. An up- 
right Full-Forced Winter Air Conditioner for base- 
ment or utility room installation equipped with 
separate blower for draft and air, limit control, 
blower switch and thermostat. Heating drum 12 
to 14 gauge — all cabinets insulated with one inch 
fibreglas. Mechanical draft only on high fire. Low fire operates on .02 inch draft. 

Special oil service station models from 50,000 to 72,000 Btu at bonnet — efficiency 
obtainable 80 to 81.7 per cent cfm 550 to 850. 

Specifications for MONOGRAM Oilfire Furnaces 




Type of Furnace 

Booater Gravity 

Full-Forced Warm Air 

Full-Forced Winter Air 
Conditioner 

Upright 

Model No... , . 

75 

100 

200 

76 

103 

203 

125 

150 

250 

102 

Btu Rating at Bonnet . . 

75.000 

90,000 

125,000 

75,000 

90,000 

125,000 

90,000 

120,000 

150,000 

75,000 

Per Cent Elflficiency 
Obtainable 

80 

82 

82 

80 

82 

82 

84 

84 

84 

80 

Air Delivery — cfm . | . ... 



400-700 

800-1400 

1000-1600; 800-1400 

800-1400 

1000-1600800-1400 

Cabinet Floor Size — In. l26>/4x25'/4 

30x30 

36x36 26/4x52/4 

30x56 

36x66 

26/4x49/2 

30x56/2 

36x68/2 

27x27 

Cabinet Height — In. . . 

501/4 

60 

60 

50/4 

60 

60 

50/4 

60 

60 

71 

Height With Bonnet . , 

64/2 

74/4 

74/4 







... 

Max. Gal. Oil per Hr. 

0.69 

0.81 

1.12 

0.69 

0.81 

1.12 

0.80 

1.05 

1.32 

.69 

Min. Gal. Oil per 24 Hr. 

1.50 

1.00 

1.50 

1.50 

1.00 

1.50 

1.50 

1.00 

1.50 

1.50 


New MONOGRAM Patented Burner vaporizes oil quicker — more completely, 
then induces both primary and secondary air in proper relation to oil, producing the 
highest known operating efficiency. Double baffle heat unit made possible by shorter, 
wider flame, stops rush of heat out the flue, creates a lower heating zone which com- 
bined with the clean, perfect combustion produces unheard of operating efficiencies. 
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Williams Oil-O-Matic Heating Corporation 

Manufacturers of Automatic and Manually Controlled Fuel Oil Burners, 
Year ’Round Air Conditioning Systems, Williams Ice-O-Matic Compressors 


Bloomington, 

Illinois 


WILLIAMS OttSnC PRODUCTS 


2014 Graybar Building 
New York, N. Y. 


OIL BURNERS 

Williams Oil-O-Matic Lo-Pressure oil 
burners are offered in 6 sizes ranging in 
capacity from to 25 gallons of fuel oil 
per operating hour. Oil-O-Matic Lo-Pres- 
sure burners can be installed in any type or 
size heating plant within this range, or 
larger where multiple units are used. 

Williams Oil-O- 
Matic Lo-Pressure 
oil burners feature 
exclusive patented 
Thrift Meter fuel 
control. This de- 
vice actually meas- 
ures oil drop by 
drop to fit the exact 
requirements of any heating plant. 

Williams designed, 
precision-built Hi- 
Pressure burners were 
developed for those 
jobs where first cost is 
most important. Three 
sizes range from .65 to 
7 gallons per hour. 



ating plant. 

w 


How to Decide Size of Burner 

For low pressure domestic boilers, 1 gal 
of fuel oil per hour (140,000 Btu) is re- 
quired for approximately: 

300 sq ft of steam radiation or its equiva- 
lent. 

480 sq ft of hot water radiation or its 
equivalent. 

70,000 Btu when using hot air furnace 
ratings. 

24 sq ft steam boiler heating surface 
(or 2.2 hp). 

For exact detail data, see Oil-O-Matic 
Installation and Service Manual. 


Heating Capacities of Oil-O-Matic Burners 


Model 

Domestic 
Shipping 
Weight. Lb 1 

Length, in. | 

Width, in. 

Height, in. | 


RPM 1 

Gals. Fuel 

Oil per Oper- 
ating Hour 

Mini- 

mum 

Maxi- 

mum 

K-150 

126 

29 

151/4 

I9V4 

ll/lO 

1750 

.50 

1.50 

K-3 

180 

30 

155/8 

201/4 

20% 

T/10 

1750 

1.00 

3.00 

K-4.5 

190 

331/2 

221/4 

1/5 

1750 

1.35 

4.50 

K-7 

200 

261/5 

221/4 

21% 

1/5 

1750 

4.00 

7.00 

J-1800 

220 

45 

191/2 

231/2 

1/2 

1800 

8.00 

15,00 

JJ 

295 

50 

32 

24 

1 

1800 

12.00 

25.00 

HP-1 

90 

20141 

147/8 

X 

1/16 

1725 

.65 

1.00 

HP.3A 

90 

223/4 

I61/2 

X 

1/12 

1730 

1.35 

3.00 

HP-7 

150 

261/2 

20 

21% 

1/5 

1750 

3.50 

7.00 


X — ^Adjustable. 

Standard draft pipe 11 in. 17-in. length draft 
pipe optional. 

Standard electric current is 110-volt, 60-cycle. 


WINTER AIR CONDITIONERS 

Williams Oil-O- 
Matic Winter Air 
Conditioners auto- 
matically clean, 
freshen, ventilate, 
humidify, heat and 
circulate air 
throughout the 
house. Electrically 
welded heat ex- 
changers preclude 
possibility of air or 
gas leaks. Exclusive Anti-Pulsator elim- 
inates starting vibration. Triple Thrift 
Lo-Pressure operation. Also available 
with Hi-Pressure burner. Built in 5 sizes to 
meet every heating load. 



BOILER BURNER UNITS 
Williams Oil-O-Matic 
oil-fired boilers are avail- 
able in 3 models. The 
Lo-Boy (illustrated), in 

3 sizes for steam, 3 for 
hot water; Residential 
Steel — 4 sizes for steam, 

4 sizes for hot water; and 
the Water Base — 3 sizes 
for steam, 3 for hot 
water. Oil-O-Matic oil-fired boilers furnish 
low cost winter heating and economical 
year ’round domestic hot water. These 
complete units furnished with either Oil-O- 
Matic Lo-Pressure or Williams Hi-Pressure 
burners. 

WATER HEATERS 



Williams Oil-O- 
Matic horizontal type 
water heaters are com- 
pact, completely auto- 
matic, self-contained 
units. Lo-Pressure 
operation makes it pos- 
sible to burn heavy 
domestic fuel oil for utmost economy. 
Unique Triple Flame Travel combustion 
chambers aids still further in economy. 
Where home is already heated with oil, 
fuel may be drawn from the same tank. 



Water Heaters 


WHA* 

600 

57 

221/, 

28 

1/101800 


Vz 

WHBt 

885 

75 

23 

28 

1/101800 

1/2 

1 

WHci 

1385 

90 1 

29 

34 

1/101800 

1 

1% 


♦Output: 90 F rise, 60 gal per hour. tOutput: 
90 F rise, 120 gal per hour. JOutput: 90 F 
rise, 210 gal per hour. 
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Kaustine Company, Inc. 

Manufacturers of Kaustine Winter Air Conditioning Equipment 
Main Office and Factory Perry, N. Y. Sales Agencies in all Principal Cities 



DELUXE SERIES 

The Deluxe Series of winter air conditioners in- 
elude patented Kaustine “Airflometers” which 
regulate quantity of air delivered to registers 
according to plenum chamber temperature. Wiring 
necessary for all controls can be completed at the 
factory. Chrome steel combustion chamber makes 
for rapid heating and high efficiencies. Improved 
pan type humidifier properly conditions the air. 
Spun glass filters clean air thoroughly. Multiple 
blade blower insures quiet operation. Service door 
and extended limit control increase ease in adjust- 
ment and safety. Heavy steel casings in gray 
wrinkled baked enamel with contrasting blue trim 
at top and base, or in two tone green baked enamel. 


Deluxe Senes 


G. S. SERIES 

The C. S. Series of winter air conditioning units are con- 
structed in capacities ranging from 80,000 to 270,000 Btu 
at the bonnet, and consist of quiet centrifugal type fan, 
spun glass filters, pan type humidifier, pre-cast combustion 
chamber liner, correctly engineered furnace and casing. 
Casings furnished either in gray wrinkled baked enamel 
with blue top and base, or in two tone green baked enamel. 

Gun type oil burners and controls 
can be furnished upon request. 

O, C. SERIES 




C. S. Series 



The O. C. Series are constructed in two types, one with 
blower compartment at side of furnace (OC — 100) and 
other with blower compartment beneath the heating 
element (OH — 100). Both types are compact and easily 
handled. Conditioner includes quiet centrifugal type 
blower, spun glass filters, heating element, pre-cast com- 
bustion chamber liner, and pan type humidifier. No 
burner or controls are furnished. 

SPECIFICATIONS 


Kaustine Deluxe and C. S. Series* — For Gun Type Oil Burners 


Cat. 

Btu 

Blower 

Cfm 


Overall Dimensions 

No. 

Capacity 

Size 

Capacity 

Motor 

L 

w 1 

H 

0811 

80,000 to 110,000 

ir 

600 to 1200 

1/4 Hp 

64" 

29" 

47" 

0124 ; 

120,000 to 140,000 

13^ 

1000 to 2000 

1/4 Hp 

32" 

361/2" 

60" 

0157 

150,000 to 180,000 

15'' 

1800 to 2400 

1/3 Hp 

32" 

361/2" 

60" 

0207 

200.000 to 270,000 

17" 

2400 to 3200 

1/2 Hp 

38" 

42" 

66" 


Note. When requesting information on C. S. Series add C. S. to Deluxe Series Catalog Number. 


Kaustine O. C. Series — For Gun Type Oil Burners 


Cat. 

Btu 

Blower 

Cfm 

Blower 

Overall Dimensions 

No. 

Capacity 

Size 

Capacity 

Motor 

L 1 

W 

H 

OC-100 

80,000 to 100,000 

10" 

600 to 1200 

1/4 Hp 

52" 

27" 

45" 

OH-1 00 

80,000 to 100,000 

10" 

600 to 1200 

1/4 Hp 

28" 

27" 

65" 


Kaustine Co., Inc., also manufactures Underwnters’ Approved Basement and Underground Oil Storage 
Tanks in any size. Write for literature and prices. 
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MeyER Furnace Q)MPA^ 

Peoria, Illinois 


Manufacturers of Heating and Air 
Conditioning Equipment for Coal, 
Gas and Oil Burning 


Branches and Distributors 

Kansas City, Mo. 
Omaha. Neb. 

Green Bay, Wis 
Pittsburgh, Pa. 
Philadelphia, Pa 
St. Louis, Mo. 
Columbus, O. 
Minneapolis, Minn, 
New York, N. Y. 
Atlanta, Ga 


WEIR and MEYER Steel Warm 
Air Furnaces have a 60-year repu- 
tation for efficiency and depend- 
ability. Meet exacting standards 
of U. S. Government; supplied to 
numerous Camps and Canton- 
ments. Heavy duty designs adap- 
table to commercial and industrial 
applications. Available in wide 
range of sizes for gravity circu- 
lation, as well as forced air, in 
round, oval or rectangular casings, 
for hand- or stoker-firing and in special designs for gas or oil. 




as well as coal. 


The outputs at the bonnet in the table below are based on the NWAH&ACA Technical 
Code for forced air furnaces, assuming 12,000 Btu coal. 


WEIR Forced Air Furnaces 


Furnace 

No. 

Grate 

Area 

(SqFt) 

Ratio 

Htg. to 
Grate 

Area 

Output 
at Bonnet 
(Btu/Hr) 

Air 

Delivery 

(Cfm) 

Furnace 

Cwing 

Dimen. 

(In.) 

Smoke 

Outlet 

Diam. 

(In.) 

20R 

1.63 

20.00 

99.000 

1,700 

44 

9 

22-46Q 

1.86 

20.60 

1 10.000 

1,900 

46 

9 

24-48Q 

2.23 

18.47 

126,400 

2,100 

48 

9 

27-50Q 

2.82 

16.64 

153.900 

2,600 

50 

9 

30-55Q 

3.69 

13.89 

189,500 

3,200 

55 

9 

46-22C 

1.86 

28.50 I 

127,300 

2,200 

46 

9 

48-24C 

2.23 

24.80 

143,000 

2,400 

48 

9 

50-27C 

2.82 

21.07 

168,400 

2,900 

50 

9 

55-3(K: 

3.69 

19.40 

213,200 

3,600 

55 

9 

62-35CS 

5.46 

16,74 

428,000 

7,300 

66 

10 

35C 

5.46 

26.10 

477,500 

8,100 

56 X 82 

2-10 

540B 

6.85 

17.60 

546,600 

9,200 

53x100 

12 

540B-2R 

6.85 

27.66 

664,000 

11,300 

54x146 

2-12 

544B 

8.67 

16.23 

673,000 

11,500 

57x108 

12 

544B-2R 

8.67 

26.10 

816,000 

13,900 

58x158 

2-12 


The WEIR- MEYER Line includes, in addition to direct-fired furnaces in a wide range 
of sizes, a variety of self-contained winter air conditioning units, especially designed for 
coal, gas or oil, each featuring in highest degree, efficient heat interchange, quiet opera- 
tion, design for “eye appeal," compactness, ease of installation, accessibility. 



Pictured are but a few representative numbers. Ask for complete descriptive literature, 
including engineering data on any or all types. 
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Air Conditioning • Furnace 

Systems 


St. Louis 

Memphis 

Omaha 

Minneapolis 

Salt Lake City 

Chicago 


L. J. Mueller Furnace Co. 

Established 1857 


2009 W. Oklahoma Ave., Milwaukee, Wis. 


Los Angeles 
Kansas City 
Baltimore 
Philadelphia 
Pittsburgh 
Washington 


SERIES 50 OIL-FIRED WINTER AIR CONDITIONING UNIT 


Designed and constructed to meet the needs and purse of the 
moderate-sized home, this unit automatically heats, filters, 
humidifies and circulates the air within the home — efficiently 
and economically. The heating drum and radiator are made 
of heavy gauge steel, all electric welded, with no joints. Uni- 
form distribution of the conditioned air is secured by the quiet, 
efficient Mueller fan. Filters furnished are of ample area, and 
with large dirt-holding capacity. Series 50 unit is available 
with a Mueller Vaporizing or Pressure Atomizing type oil 
burner. If desired, any standard burner may be used. Three 
sizes, from 100,000 to 225,000 Btu per hour. 



SERIES “EPS” GAS-FIRED WINTER AIR CONDITIONING UNIT 



Designed and styled for the modern home, this Mueller unit 
meets every requirement for an automatic Winter air con- 
ditioning unit. Provides balanced distribution of filtered, 
humidified warm air in ample volume to every room. 
Heating unit consists of Mueller steel Heatspeeder sections, 
providing quick heat in desired volume. The fan operates 
quietly and efficiently, with ample capacity for any require- 
ment. Filters thoroughly clean the air. Humidity is sup- 
plied automatically. Available in three sizes with AGA 
input ratings from 90,000 to 180,000 Btu per hour. 


SERIES “FB” COAL-FIRED WINTER AIR CONDITIONING UNIT 


The smart, new, straight-line styling and unified design of this 
unit provides the same smartness, compactness and trim lines 
usually identified only with automatic heating equipment. The 
heating unit is of all-cast-iron construction, assuring a lifetime of 
■dependable, economical heat. The heating unit, blower, and 
filters are enclosed within the crinkle-lacquered, insulated housing. 
Filters are replaceable type, and are of ample area. The blower 
provides uniform distribution of the conditioned air to all rooms. 
Available in six sizes, wnth hand-fired ratings from 68,000 to 
199,000 Btu at register. 
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L. J. Mueller Furnace Co. 


Air Conditioning • Furnace 
” Systems 


Mueller Heaters For All Fuels 
A Complete Line for All Purposes 



Gas-fired unit heater. 
Sizes from 4 to 12 
sections. A.G.A. ratings, 
180,000' to 540,000 Btu 
per hour. 


Series ‘^SA” stoker-fired Horizontal Tubular Heaters, for 
furnace, with fan-filter schools, churches and other large 
unit. Any stoker may be buildings. Three sizes, with cap- 
used. Capacities, 110,000 acity range from 1,188,000 to- 
and 175,000 Btu. 1,390,000 Btu per hour. 


and 175,000 Btu. 1,390,000 Btu per hour. 

Complete catalogs on each of above units available upon request. 
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A& Conditioning • Umt Heaters 


DRAVO CORPORATION 

MACHINERY DIVISION 

300 Penn Avenue, PITTSBURGH, PA. 



^0 


Direct 
Fired 
Heaters 
produce 
efficiencies 
up to 85% 


Cutaway view of Dravo Direct Fired Heater, 
showing principal features; corrugated combustion 
chamber with refractory lining, fins and deflectors, 
tubular air preheaters, fans and exhausters. The heater shown 
has gas burner attached but suitable burners for oil or coke 
oven gas are supplied as required. 


A Study of the rugged construction, the simplicity of operation and speed of instal- 
lation offered by the Dravo Heater is convincing as to its overall practicability. Each 
unit is complete and is operated individually. A heating system for any size structure 
•can be devised by a combination of units, often at a cost far below that of a steam boiler 
plant. Investigate this new heating method! 

The exceptionally high heat transfer efficiency is the result of two fundamental design 
features— first, accurately controlled and scientifically correct combustion of fuel and 
:second, highly effective transfer of heat to air. Both results are accomplished in a small 
rugged, compact unit. 

Built under Anderson patent No. 2715057 — other patents pending. Standard stock 
:sizes are obtainable for production of 700,000 to 3,000,000 Btu per hour. Dravo Bulletin 
JMo. 502 with detailed description mailed on request. 
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Draoo Corporation 


Air Conditioning • unit Heaters 


Dravo Direct Fired Heaters 

9 Advantages 


1. Give instant heat when the starter 
button is pushed. 

2. Maximum heat utilization is secured 
from fuel (maximum efficiencies up 
to 85 per cent.) 

3. Fully automatic firing, natural gas, 
light or heavy, fuel oil, or coke oven gas. 

4. Initial cost and installation usually less 
than other types of heating systems as 
no boiler plant is required. 

5. Lower maintenance cost, eliminating 
freeze-ups, broken traps, leaking valves, 
etc. 

Effective heat distribution is accom- 
plished as far as 200 feet and floor to roof 
temperature range is less because cold 
air is taken from floor. 

Duct systems may be attached to 
standard models if required for parti- 
tioned spaces or any exceptional condi- 
tion. Heaters may be suspended if 
necessa^. Dravo Engineering Service 
will quickly estimate requirements and 
submit recommendations suited to build- 
ing and climatic conditions. 

ILLUSTRATIONS 

One of 4 Heaters at Air Associates, 

Inc., Bendix, N.J. This is a new air- 
plane parts manufacturing plant of 
roughly 88,000 sq ft floor area with a 
27 ft high factory section. 

The U.S. Armor Plate Plant at So. 

Charleston, W. Va., where 22 of the 
Dravo 1,000,000 Btu output heaters 
are in use. 

Pittsburgh Rolls Division — Blaw- 
Knox Company. The “L” shaped 
machine shop building, the wings of 
which are 114 ft and 330 ft, totals 23,900 
sq ft. A duct system is used to deliver 
heat right at machine stations. 

Ideal for temporary heating 
during construction, expansion 
or remodeling, Dravo Direct 
Heaters are used extensively for 
providing temporary heat. Ease 
of installation and removing is 
an outstanding advantage. 

Fuels used — Oil, Gas, Coke 
oven Gas. Dravo also offers a 
coal-fired all steel shell type 
heater with stoker firing if 
desired. 

Special Industrial Types of 
Heaters for process heating. 

Where high temperatures are 
required another design of heater 
is used, in which the products of 
combustion mix with the air 
stream. Outlet temperatures go 
as high as 1000 degrees; for soap 
drying, defogging, pickling 
plants, drying strip steel, etc. 


6. Saving in labor costs — can be operated 
by maintenance man. 

7. Can be used to furnish summer air 
circulation. Arrangements can easily 
be made to provide outside fresh air. 
Likewise, filters can be installed on 
air intakes. 

8. Deliver heat over an entire floor area 
or to a localized section with minimum 
temperature differential between floor 
and ceiling. 

9. Can be installed quickly during building 
construction for temporary heat. 



Atr Associates, Inc., Bendix, N.J. 



U.S. Armor Plate Plant, Charleston, W. Va. 



Pittsburgh Rolls Div. — Blaw-Knox Co. 
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Air Conditioning 


Unit Heaters 
and Coolers 


FEDDERS 

MANUFACTURING COMPANY, INC. 
85 TONAWANDA ST. 

BUFFALO, NEW YORK 
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Fedders Horizontal Unit Heaters 



Fedders Vertical Unit Heaters 



Fedders Unit Coolers 


FEDDERS UNIT HEATERS 
Horizontal Type 

Streamline tubes, individual non-clog- 
ging fins, patented full-floating mounting 
eliminates expansion stresses between 
heating element and mounting, relief of 
differential expansion among tubes, rugged 
monopiece cabinets, quiet operation. 
Standard horizontal delivery unit heaters 
built in 24 basic sizes, all available with 
single, two or multi-speed and standard 
speed motors. Also available with slow 
speed motors and motors for odd fre- 
quencies. 

FEDDERS UNIT HEATERS 
Vertical Type 

Designed for high ceiling installations 
where supply and return piping will not 
interfere with overhead equipment such as 
craneways, shafting, tall machinery. High 
velocity fan delivers heated air down to 
the working zone where draftless diffusion 
is accomplished by using^ suitable di- 
rectional outlet to fit conditions. 

FEDDERS UNIT COOLERS 

Built in a complete range of single and 
twin fan sizes for use with refrigerant or 
cold water. Finished in attractive polar 
green. 

FEDDERS 

AIR CONDITIONING UNITS 

Available in any combination for heat- 
ing, cooling, humidifying and dehumidi- 
fying and air filtering. Seven basic models 
from 1 to 25 tons cooling capacities de- 
signed for floor or ceiling installations. 



Fedders Air Conditioning Units 
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Air Conditionini 


Unit Heaters 
and Coolers 


FEDDERS 

MANUFACTURING COMPANY, INC. ' 
85 TONAWANDA ST. j 

BUFFALO, NEW YORK 

FEDDERS TYPE K HEATING COILS 


btrong, rigid casings . . , large cylin- 
drical headers . . . full-floating protection 
against overall expansion . . . top header 
tri-point supported by center anchorage 
brackets and drop forged bronze trunnions 
. . . knee action relief of differential ex- 
pansion among tubes . . . scale breaker- 
tube orifices . . . floating type tube sup- 
ports . . . permanently bonded fins and 
tubes. 

7 Standard Face Widths 121^ in. to 
361^ in. 

18 Standard Face Lengths ft. to 
10 ft. ^ 

3 Fin Spacings. 

1 or 2 Row Deep Coils of all 3 Fin 
Spacings. 


BASIC TEMPERATURE RISES 


Coil Type 

K15 

ICI6 

K18 K25 

K26 

K28 

Air Temp. Rise® F* 

36.1 

52.3 

62.5 67.0 

93.0 

108.0 


♦Enter. Air 0®F, 500 FPM, 5 lbs steam 



Fedders Type R Codling Coil 



Fedders Type K Heating Coil 

FEDDERS 

TYPE M MODULATING COILS 

Non-freeze design with general con- 
struction similar to Type K Coils. Wide 
range of standard sizes. 

FEDDERS 

TYPE B BOOSTER HEATING COILS 

Featuring same advanced engineering as 
Type K Coils. Complete range of sizes. 

FEDDERS COOLING COILS 

Type R for use with refrigerant — shown 
at left. Note multiport thermostatic ex- 
pansion valve with equalizer connection, 
and balanced distribution system. 

Equipped with flat fins for rapid air-side 
condensate removal. 

Built in wide range of standard sizes. 

Type W for Water. 
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Unit Heaters 
and Coolers 


Hastings Air Conditioning Co., Inc. 

Hastings, Nebr. 

Manufacturers of 

Air Conditioners. 

Unit Heaters. 

Utility and Package Blowers. 

Dealers and Representatives in Principal Cities 



A Complete Line of Highly Successful COLD WATER Air Conditioners. 
Capacities listed depend on entering air and water temperatures. 

All equipment available for combination heating and cooling. 


FLOOR MODELS 

Floormasters — Unusual design and 
sp^ial features permit maximum instal- 
lation possibilities with minimum floor 
space and installation costs. 

Air Delivery — 2240 cfm. 
Cooling Capacity—S to 
6 tons. Dimensions — 
Height 93 in., Width 48 
in. Depth 25 in. Motor — 
hp- Filters — 3 16 in. x 
25 in. 

Royal — For offices, 
homes, hospitals, etc. 

Air Delivery — 590 cfm. 
Cooling Capacity — 1 to 2 
tons. Motor — 1/6 hp. 

Filter — 1 16 in. x 25 in. 
Dimensions — Height 40 in., Width 28 
in., Depth 20^^ in. 

CENTRAL PLANTS 

Sectional con- 
struction for ease 
of handling. Mo- 
tors inside mount- 
ed to provide very 
neat appearing 
compact units. 


SPECIFICATIONS 


Size 

CFM 

Motor 

Hp 

Filters 

Capacity 

Tons 

CP 30 

3,000 

1 

5 

4- 9 

CP 40 

4,000 

I 

8 

6-12 

CP 60 

6,000 1 

2 

10 

9-18 

CP 80 

8.000 

3 

12 

12-24 

CP120 

12,000 

5 

20 

18-36 




GENERAL UTILITY MODELS 
Master — Singly or in multiple are 
suitable for any business or space size. 
Large jobs handled without duct work by 
proper location of units. 



Air Delivery — 2,240 cfm. Cooling Ca- 
pacity — 3 to 6 tons. Dimensions — Height 
29 in.. Width 49 in., Depth 50 in. Motor — 
hp. Filters — 4 16 in. x 23 in. 

Majestic— Similar to Master except size. 

Air Delivery — 2,240 cfm. Cooling Ca- 
pacity — IJ^ to 3 tons. Motor — hp. 
Filters — 2 16 in. x 25 in. Dimensions — 
Height 26 in., Width 28 in.. Depth 40 in. 

Zephyr — Same capacity, motor and 
filter as the Royal. For use where sus- 
pended or concealed units are desired. 
Dimensions — Height 26 in., Width 24 in., 
Depth 28 in. 


UNIT HEATERS 
Centrifugal Type for ex- 
treme quietness and 
efficiency. 

Steam pressure — 
to 150 lbs per sq in. 

Finish — Brown 
wrinkle enamel and 
stainless steel louvers. 




PACKAGE AND OPEN TYPE BLOWERS 

May be knocked Utility type blowers are 
down for narrow door- available with or without 
ways. Finished in at- motors and in any dis- 
tract ive green wrinkle, charge desired. 

All sizes from 9 in. to twin 21 in. 

Air deliveries from 1000 cfm to 16,000 cfm. 

Write for Catalogues, Literature, or Information 






Air Conditioning 


Unit Heaters 
and Coolers 


Kramer Trenton Co. 

Manufacturers of 

HEATING, COOLING AND REFRIGERATION DEVICES 

Trenton, New Jersey 


KRAMER UNIT HEATERS 

All-copper heating element. Oval-section tubes with 
hair-pin bends. High-discharge air velocity insures 
proper heat distribution. For pressures up to 150 lb. 

Send for Bulletin 

KRAMER COPPER CONVECTORS 

All-copper heating element. Oval tubes with fins 
metallically fused to tubes’. Noiseless operation. 

Guaranteed for operating steam pressures up to 50 lb 

Send for Bulletin H -240 

HEATING and AIR CONDITIONING 
UNITS for Residential Use 

Designed for split-system installations. A range of 
sizes adaptable to residential requirements. Rubber 
mountings and flexible connections minimize noise. 
Send for Bulletin SS-S 4 I 

KRAMER COMFORT COOLERS 

Suspended type for small tonnages — 1 to 3 tons — 
and for remote compressor operation. All-copper 
coils. Specially designed grille for proper diffusion. 

Send for Bulletin R-14B 

KRAMER TURBO-FIN 

For blast heating and cooling. All-copper blast 
surfaces; fins metallically fused to tubes. Air side 
flow-disturbers. Coil finished in electro tin plate 
for permanence. 

Send for Bulletin A C-640 


KRAMER AIR CONDITIONING UNITS 
Ceiling and Floor Type 

Wide variety of sizes and capacities — 2 to 30 tons in 
cooling; 65,000 to 1,280,000 Btu per hour in heating. 
Accurately rated. All-copper Turbo-fin coils; fiber- 
glas air filters. Complete cabinet types for either 
floor or ceiling mounting. 

Send for Bulletin A C-440 
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Unit Heaters 
and Coolers 


McQuay, Inc. 

1602 Broadway, N.E., Minneapolis, Minn. 

MANUFACTURERS OF AIR CONDITIONING EQUIPMENT 

Sales Offices in all Principal Cities 


• Air Conditioners 

• Air Conditioning Coils 
^ Blast Heating Coils 

• Refrigeration Coils 

• Convection Radiation 

• Unit Heaters 

• Unit Coolers 


PROVEN 



THE EXCLUSIVE McQUAY FRICTIONAL 

BOND FIN-AND-TUBE COIL ASSEMBLY 

The McQuay Fin and Tube assembly in all Mc- 
Quay coils and cores is one of the reasons McQuay 
products are considered “Tops in Over- All Efficien- 
cy” by many heating and refrigeration authorities. 

Heat transfer efficiency primarily depends on three 
elements in coil construction. First, “Area of Con- 
tact,” Second, “Contact Pressure” and finally 
“Quality of Contact” between collar and tube. 

In McQuay coils all three necessary elements are 
found developed to their highest degree. The 
famous McQuay “Wide Fin Collar” plus Exclusive 
Hydraulic Expansion together with the polished sur- 
face, secured by “spinning” the fin collar, truly 
provides the last word in Heat Transfer. 


• Comfort Coolers 

• Blower Coolers 
(Suspended & Floor Type) 

• Room Coolers 
(Cabinet Type) 

• Ice Cube Makers 

• Icy-Flo Accumulators 

• Zeropak Low Temp. Units 



McQUAY STANDARD CONVECTORS 

The Standard all purpose Convector has been designed to meet 
all heating requirements. They are available for free standing, 
partially recessed, fully recessed and wall mounting applications. 

All enclosures are constructed from high grade steel, properly 
reinforced to make a sturdy cabinet. 

The heating element is constructed of a series of round seamless 
copper tubes to which are attached die formed radiating fins, 
which are bonded to the tubes by the exclusive McQUAY Hy- 
draulic Expansion Proc S s. 

We offer the services of our Engineering and design department 
to help solve your heating problems. 


COMBINATION 
COOLING COIL 

MORE THAN 1,000,000 STANDARD COIL TYPES AND SIZES 
McQuay manufactures the most complete line of Standard Coils in the Industry. 
Coils for Heating — 1 to 10 rows deep using low or high pressure steam or hot water. 
Non-Freeze — (steam distributing tube) type coils 1 and 2 rows deep. 

Removable Plugs — (cleanable tube) type coils 1 to 12 rows deep. 

Water Coils for Cooling — 1 to 12 rows deep. 

Direct Expansion Coils — for cooling 1 to 10 rows deep. 

Refrigeration Coils — all types and sizes. 

Special Coils — of various materials furnished on order for special applications. 
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McQuay, Inc. 


Air Conditioning 


Unit Heaters 
and Coolers 



STANDARD UNIT 
HEATER 



RADIAL UNIT 
HEATER 



CABINET TYPE UNIT 
HEATER 



COMFORT COOLER 



COMFORT COOLER 



AIR CONDITIONER 
( YEAR-ROUND ) 


UNIT HEATERS 

The new and exclusive McQuay 
Radial Heater joins a distinguished old 
family of proven heating units — the 
Down Flow — the Cabinet Unit — the 
Large Blower Type, and the veteran 
Standard Unit Heater, making the 
McQuay line the most complete in the 
industry. 

This newest McQuay developnient 
provides wide uniform heat distribu- 
tion, lower installed cost and fine 
appearance, combined in one unit. 
One Radial Heater can now be used in 
place of two or more Standard Units — 
effecting important savings in piping 
expense as well. Actually it is a deluxe 
unit heater at lower cost than standard 
units, in most cases. 

All McQuay unit heaters feature the 
exclusive Frictional Bond coil construc- 
tion. All types of Heaters are fur- 
nished in a wide range of sizes with 
motors to meet all electrical current 
characteristics, making it convenient 
to select the proper size heater for 
every installation. 

McOUAY COMFORT COOLERS 
Made in two types — one for use with 
water or brine; another for freon or 
methyl chloride. Eight sizes in each 
type — all with 4-speed motors. 

AIR CONDITIONERS— COLD 
WATER AND FREON TYPES 
Choice of recirculation of indoor air, 
entire intake of outside air, or a com- 
bination of both. Cold water or brine 
used in one type; freon or methyl 
chloride in another. Modern “sound 
isolated” construction assures quiet 
operation. Capacities to 6 tons. 

CENTRAL SYSTEM AIR 
CONDITIONING UNITS 
Suspended and floor types, cools, 
dehumidifies, filters, and circulates air 
in summer; heats, humidifies, filters 
and circulates air in winter. Extreme 
flexibility and accessibility “built-in”. 
Cooling capacities from 5 to 50 tons in 
both Suspended and Floor Type. 

McQUAY 

ICY-FLO ACCUMULATORS 
The new practical “Storage-Battery” 
for refrigeration effect is now available 
for handling heavy loads of short 
duration. 


New Descriptive Bulletins are ready 
on all McQuay Products. Write 
McQuay, Inc., Minneapolis, Minnesota. 
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DOWN FLOW UNIT 
HEATER 



BLOWER TYPE UNIT 
HEATER 



BLOWER TYPE UNIT 
HEATER 



AIR CONDITIONER 
( YEAR-ROUND ) 



ACCUMULATOR 



Air Conditioning 


Unti Heaters 
and Coolers 


Modine Manufacturing Company 

Heating and Air Conditioning Division 
General Offices: 17th and Holburn Sts., Racine, Wis. 
Factories at Racine, Wis. and La Porte, Ind. 

Branches in all Principal Cities 


Complete information on the following 
products including engineering^ data and 
prices, can be secured by writing to the 
Modine General Offices at Racine, Wis- 
consin — or by communicating with nearest 
Modine representative. 


MODINE UNIT HEATERS 



Front View Back View 


The New Modine Unit Heater incorpo- 
rates in its design, many features which 
contribute to more satisfactory and eco- 
nomical industrial and commercial heating. 

Sound Silenced— Interior surface of 
casing is coated with acoustical-mastic, 
deadening noise from within. Venturi fan 
shroud, integral with casing, quiets air 
in-rush sound. Velocity generator elimi- 
nates air-rush noise peaks. Concentric 
rings of fan guard act as vibration dissi- 
pators. 

Safety Fan Guard — Provides staunch, 
steel safeguard against hazard of unshielded 
fans. Safety is built in as standard equip- 
ment. 

Protection Against Rust — Available 
by Bonderizing — When applied, Bonder- 
izing of casing and sheet metal parts makes 
them resistant to formation and progress 
of rust. It holds finish to metal, making it 
more durable and permanently fine in 
appearance. 

And These Additional Features — 

(1) Velocity Generator gives greater heat 
throw without increasing power require- 
ments. (2) Patented Expansion Bend per- 
mits tubes to stand extreme expansion. 

(3)^ Direct Pipe Suspension permits instal- 
lation without hangers — saves cost. 
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Unit Heaters — Capacities and Dimensions 
(In Inches) 


Model 

No. 

Over- 

all 

Height 

Width 

Depth 

Less 

Motor 

E.D.R. 

C.F.M. 

Motor 

R.P.M. 

74 

IP// 

10" 

6" 

74 

296 

1580 

104 

163// 

141 // 

9" 

104 

350 

1580 

140 

163// 

141 // 

9" 

140 

540 

1580 

172 


14'// 

9" 

172 

661 

1580 

206 

IIW 

19" 

11" 

206 

843 

1120 

252 


19" 

11" 

252 

980 

1120 

304 


19" 

11" 

304 

1290 

1120 

362 

24*^ 

19" 

11" 

362 

1450 

1120 

414 

221 / 2 '^ 

19" 

11" 

414 

1370 

1120 

514 

iiyf 

23" 

ll>/2" 

514 

2250 

1120 

606 

271 / 2 ^ 

23" 

11 / 2 '^ 

606 

2440 

1120 

711 

27 / 2 '' 

23" 

11/2^ 

711 

2430 

1120 

808 

291 / 2 '' 

26 I/ 2 " 

13" 

808 

2760 

1120 

904 

291 / 2 " 

26 I/ 2 " 

13" 

904 

3370 

1120 

1050 

33V/ 

261/2" 

13" 

1050 

3770 

1120 

1200 

333 // 

261/2" 

13" 

1200 

4120 

1120 

1380 

i 33" 

34" 

11" 

1380 

4960 

1120 

1610 

i 30" 

503// 

11" 

1610 

5920 

1120 

2030 

30" 

543 / 4 " 

11" 

2030 

7720 

1120 


All above models are available with variable speed 
motors Units for hot water application also available. 


MODINE VERTICAL DELIVERY 
UNIT HEATERS 

Modine Ver- 
tical Delivery 
Unit Heaters 
are indicated 
wherever con- 
ditions call for 
more directly 
downward de- 
livery of air 
than is provid- 
ed by the con- 
ventional de- 
sign of unit heaters. In factories where 
high clearance is essential, as for crane- 
ways, Modine Verticals serve excellently. 
Over store and office doorways, they fit 
perfectly into the need for a blast of 
warmed air to offset the in-pressing winter 
gales. In a room where only one unit 
heater is needed, the Modine Vertical gives 
delivery of heat to the entire perimeter of 
the room. Or by adjustment of the 
Modine Cone- Jet Deflectors, this delivered 
air may be concentrated in limited di- 
rections, even checked almost entirely to 
a single side of the unit. 

Similarly, multiple installation of 
Modine Verticals may be controlled as to 
heated air deflection so as to give more 
delivery of heated air to outside walls, thus 
conforming to normal heating require- 
ments. Modine Verticals are made in 
thirteen models. Write for catalog. 




Modine Manufacturing Company 


Air Conditioning 


Unit Heatets 
and Coolers 


MODINE CONVECTORS 


MODINE COOLING COILS 


The popular radiators for commercial 
and public buildings, low cost houses, etc. 
— wherever the benefits of convector heat- 
ing are desired. Attractive enclosures with 
removable fronts. Wide selection of grilles. 

Rust protection 


of enclosures 
available by 
Bonderizing. 
High capacity 
heating units. 
Enclosures are 
made in two 
types of Reces- 
sed and Floor 
and Wall Cabi- 
nets and Con- 
cealed (plaster- 
front) types. 
Catalog 241 A. 



CABINET UNIT HEATERS 

^ Modine Cabinet Unit Heaters are de- 
signed for the heating of offices, lobbies, 
corridors, auditoriums, etc. Used in con- 
junction with a steam or hot water system, 
they elimate the need for unsightly obso- 
lete radiators. 

Models include 
the Floor Cabi- 
net, Wall Cabi- 
net, Ceiling 
and Recessed 
types — each 
available in 
three capaci- 
ties: 105, 310 
and 450 E.D.R. 

Bulletin 841. 



MODINE BLAST HEATERS 



Made in over 250 
sizes types and ca- 
pacities to meet the 
specific demands for 
heat transfer ser- 
vice. Outstanding 
f eat ures are : ( 1 ) Ex- 
pansion Bend. (2) 
All steam carrying 
passages are cylin- 
drical for greatest 
possible strength. 
(3) From inlet to 
outlet condenser is 
of copper or copper 
alloy. (4) Copper 
fins are bonded 
metallically to 
tubes. Catalog 340. 


For use in central sys- 
tem cooling and air con- 
ditioning plants, Modine 
Cooling Coils, Cold 
Water Type, are installed 
with a blower fan and 
duct work. Adaptable 
where cold water or non- 
corrosive brine is used as 
the coolingmedium. 

Coils are available in cleanable and contin- 
uous Tube types. Catalog 540. 

UNIT COOLERS (Blower Type) 



For stores and offices. This unit cools, 
cleans, dehumidifies and circulates the air. 
Equipped with powerful, yet quiet blower, 
extra deep cooling coils and large-area air 
filters. May be installed with or without 
duct work. Choice of cold water or Freon 
cooling coils. Bulletin 440. 

AIR CONDITIONER 
(Apartment House Type) 




^ A compact unit performing every func- 
tion of complete winter and summer air 
conditioning — for apartments, hotel suites, 
residences, offices, and shops. Its com- 
pactness allows installation in a closet 
above shelving or in a hall above a false 
ceiling. Uses steam or hot water for 
heating; cold water or Freon for cooling. 
Two sizes. Bulletin 638-B, 


AIR CONDITIONER 


(Large Central Type) 


For residential 
and commercial 
year-’ round air con- 
ditioning — may be 
used in straight air 
conditioning or split 
systems. Uses 
steam or hot water 
for heating and cold 
water or Freon for 
cooling. Catalog 
639. 
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Unit Heaters 
and Coolers 


The Unit Heater and Cooler Division 

D. J. Murray Mfg. Co. 

Wausau, Wisconsin 

Offices in Principal Cities 

MANUFACTURERS OF THE GRID UNIT 

(patented) 


All-cast aluminum 
fins'' bonded to 
cast high-test iron 
core. 



No soldered^ 
brazed, or expand- 
ed joints — no 
unions — no seams 
— fewest connec- 
tions possible. 



Typical Installation of Grid Unit Heater 


Model 

No. 

Dunensions 

Inches 

Face 

Area 

SqFt 

Motor 

Vol. 

at 

Fan 

Capacities 

5 Lb Steam 60° Air 

Approx. 

Shipping 

Weight 

Pipe Sizes 

A 

B 

C 

D* 

Hp 

Rpm 

Btu 

Final 

Temp. 

Supply 

Return 

1000 

101/4 

113/4 

93/8 

16 

0.84 

1/20 

1700 

578 

29,400 

107 

100 

n/4" 

IW 

1200 

181/2 

131/2 

111/2 

171/2 

1 04 

1/20 

1700 

711 

46,000 

119 

120 

1%” 

l>/4" 

515 

233/8 

171/2 

ll’/2 

20 

1 65 

1/10 

1750 

1290 

59,600 

102 

160 

1%" 

l«/4" 

1500 

233/8 

171/2 

111/2 

20 

I 67 

I/IO 

1750 

1450 

77,500 

109 

210 

I'/j" 

l’/4" 

1520 

273/8 

171/2 

111/2 

20 

2 2 

1/10 

1750 

1700 

104,000 

113 

250 

I'/2” 

l'/4" 

520 

283/8 

221/8 

11% 

211/2 

2.9 

1/6 

1150 

2500 

102,300 

97 

250 

2" 

P/4" 

2000 

283/8 

221/8 

llVs 

2\Vz 

2.9 

1/6 

1150 

2500 

148,000 

114 

320 

2" 

P/4" 

2025 

331/2 

221/8 

iiys 

211/2 

3 6 

1/6 

1150 

2875 

177,000 

115 

370 

2" 

P/4" 


351/4 

271/2 

1 



1/2 

1150 

4200 

166,400 

94 

390 

2" 

P/4" 


351/4 

271/2 

5 


B 

1/4 

1150 

3200 

210,000 

118 

420 

2" 

P/4" 

2500 

351/4 

271/2 

13 

28 

4.5 

1/2 

1150 

4200 ! 

225,000 

108 

440 

2« 

P/4" 

2530 

m 

m 

a 

m 


1/2 

1150 

4650 

282,000 

115 

530 

2" 

P/4" 

530 

391/8 

325/8 

13 

29 

6 5 

1/2 

1150 

5300 

260,500 

105 

600 

W 

P/4" 


391/8 

325/8 

a 

a 

m 

1/2 

850 

6350 

341,000 

109 

690 

W 

P/4" 

3000 

391/8 

325/g 

m 

m 


11/2 

im 

IBM 


104 


HBl 

P/4" 


GRID UNIT HEATERS ARE NOT AFFECTED BY ELECTROLYTIC ACTION 
No leaks — no breakdowns. Lower outlet temperatures. 

Low maintenance expense. Larger air volume. 

More air changes per hour. Reduced fuel cost. 

Positive “directed ’ heat. Applicable to either low or high steam pressure lines. 

Send for Bulletin on Units not listed above. 
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D, J. Murray Mfg. Co, Air Conditioning 

GRID BLAST COILS 


Unit Heaters 
and Coolers 





F ACE VIEW 


SIDE VIEW 


No Electrolysis to cause corrosion. 
All-cast aluminum heating sections. Only 
one type metal in contact with steam. 
Therefore, no electrolytic action is de- 
veloped with its resultant corrosion to 
cause leaks and breakdowns. Grid Blast 
Coils are different. 


GRID BLAST COILS DATA 


Cutaway section 
above shows why Model 

Grid Units are dif- 

Face 

Area 

SqFt 

No. of 
Sections 
Wide 

1 Dimensions, Inches | 

Shipping 

A 1 B 

C 

D 

E 

Weight 

Lb 

ferent — and how B215 

1.15 

Two 

m 1 10 V 4 

161/8 

201/2 

261/2 

127 

manifold is con- 3315 

1.72 

Three 

Hy2 

153/8 

161/8 

201/2 

261/2 

184 

11^1^ WXLll OLvCLllX r% j 1 ^ 

chamber — a simple 

2.30 

Four 

195/8 

201/2 

161/8 

201/2 

261/2 

236 

and efficient con- B515 

2.88 

Five 

245/4 

255/8 

161/8 

201/2 

261/2 

288 

nection. Guaran- b615 

3.45 

Six 

297/8 

303/4 

161/8 

201/2 

261/2 

,346 

teed for pressure up 
to *^50 lb steam 

1.50 

Two 

95/8 

10'/4 

211/8 

251/2 

311/2 

181 

LsX ^%J\J XU OcCCvIXi 

pressure with _ 

2.25 

Three 

141/2 

153/8 

211/8 

251/2 

311/2 

223 

high temperatures. B420 

3.00 

Four 

195/8 

201/2 

211/8 

251/2 

311/2 

293 

Compact and oc- B520 

3.76 

Five 

243/4 

25*/, 

211/8 

251/2 

311/2 

358 

cupies less space daoo 

than other radio - 

4.52 

Six 

297/8 

303/4 

211/8 

251/2 

311/2 

424 

tion of equal capa- . 

1.86 

Two 

93/8 

10'/4 

261/8 

301/2 

361/2 

194 

city. No leaks — no B325 

2.80 

Three 

141/2 

153/8 

261/8 

301/2 

361/2 

267 

breakdowns. Low B425 

3.72 

Four 

195/8 

201/2 

261/8 

301/2 

361/2 

343 

maintenance ex- 3525 

4.66 

Five 

243/4 

255/8 

261/8 

301/2 

361/2 

443 

air passages; hence, 

5.58 

Six 

297/8 1 

303/4 

261/8 

301/2 

361/2 

512 

easy to clean at all B230 

2.22 

Two 

93/8 

10'/4 

311/8 

351/2 

411/2 

207 

times. Free area is B330 

332 

Three 

141/2 1 153/8 

311/8 

351/2 

411/2 

294 

much greater than 343Q 

ntlipr 1"vnf^^L nf 

4.43 

Four 

195/8 1 201/2 

311/8 

351/2 

411/2 

390 

^txxci ux uuixo* 

Send for com- 

5.54 

Five 

243/4 1 253/8 

31'/8 

3% • 

411/2 

478 

plete data. B630 

6.65 

Six 

297/8 1 303/4 

311/8 

351/2 

411/2 

566 
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Air Conditioning 


Unit Heaters 
and Coolers 


• The Hermah Helsoh Corporatioh 

General Offices and Factories at Moline, Illinois 


Sales and Service Offices in the Following Cities: 


Portland, Maine 
Boston, Mass. 
Westfield, Mass. 
Springfield, Mass. 
New York City, N. Y. 
Watervliet, N. Y. 
Syracuse, N. Y. 
Buffalo, N. Y. 
Philadelphia, Pa. 
Harrisburg, Pa. 
Scranton, Pa. 
Pittsburgh, Pa. 
Johnstown, Pa. 
Detroit, Mich. 


Saginaw, Mich. 
Grand Rapids, Mich. 
Toledo, Ohio 
Cleveland, Ohio 
Cincinnati, Ohio 
Columbus, Ohio 
Washington, D C. 
Baltimore, Md. 
Richmond, Va. 
Roanoke, Va. 
Charlotte, N C- 
Birmingham, Ala. 
Miami, Fla. 

Atlanta, Ga. 


Nashville, Tenn. 
Memphis, Tenn. 
New Orleans, La. 
Indianapolis, Ind. 
Louisville, Ky. 
Chicago, III. 
Niles, Mich. 
Milwaukee, Wis. 
Appleton, Wis. 
Peoria, III. 

Des Moines, Iowa 
St. Louis, Mo. 
Kansas City, Mo. 
Omaha, Neb. 


Tulsa, Okla. 

Emporia, Kans. 
Minneapolis, Minn. 
Dallas, Texas 
Houston, Texas 
El Paso, Texas 
Albuquerque, N. M. 
Tucson, Ariz. 
Missoula, Mont. 
Denver, Colo. 

Salt Lake City, Utah 
Spokane, Wash 
Los Angeles, Calif. 
San Francisco, Calif. 



HERMAN KELSON 
HORIZONTAL 
SHAFT PROPEL- 
LER-FAN TYPE 
hiJet HEATER 

Designed for ceiling 
suspension, this hiJet 
Heater projects warm 
air downward in the 
Incorporates patented 
stay tube which maintains proper relation- 
ship between headers without increasing 
strain on loops and prolongs life of unit, 
48 models, sizes and arrangements. 


desired direction. 


HERMAN NELSON 
VERTICAL SHAFT 
PROPELLER-FAN 
TYPE hiJet HEATER 


This hiJet Heater dis- 
charges air vertically 
downward, or at an angle 
to vertical in various 
directions. Long life 
heating element incorporates Herman 
Nelson's patented stay tube. Unit can be 
secured vrith either high or low velocity dis- 
charge. 33 models, sizes and arrangements. 

HERMAN NELSON 
DE LUXE 
hUet HEATER 

This attractive unit 
heater is unusually 
compact and provides 
excellent distribution 
and large heating coverage. Incorporates 
patented stay tube in heating element and 
light-weight aluminum fan. Her-Nel-Co 
motor is mounted in end compartment out 
of air stream. Unit may be placed on floor, 
wall or suspended from ceiling. 18 models, 
sizes and arrangements. 



HERMAN NELSON 

BLOWER-FAN 
TYPE 

hiJet HEATER 

Provides efficient 
heating of large areas. 

Can be supplied with 
by-pass damper if 
desired. Streamline 
discharge outlets 
maintain large air de- 
livery with high 
velocity. Design of heating element as- 
sures durability and contributes to high 
velocity discharge. For floor, wall, ceiling, 
or inverted wall mounting. 150 models, 
sizes and arrangements. 




HERMAN NELSON 
UNIT VENTILATOR 

Maintains desired air conditions for 
school classrooms and rooms in public 
buildings. Both classroom and auditorium 
type units have either damper or radiator 
control. Exclusive “draw-through” design 
prevents drafts and eliminates overheating. 
Locating motor in end compartment pro- 
vides additional space for fan assembly and 
use of larger fans running at slower tip 
speeds. 


Herman Nelson Unit Heaters and Unit Ventilators are tested and rated in accordance with 
the Standard Test Code^ adopted jointly by the Industrial Unit Heater Association and the 
American Society of Heating and Ventilating Engineers. 
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Air Conditioning 


Unit Heaters 
Fans and Blowers 


The Hermah Melsoh Corporatioh 


Autovent Fan & Blower Division 

1809-23 N. Kostner Ave., Chicago, Illinois 

Member National Association of Fan Manufacturers 



AUTOVENT “31 Series” 
PROPELLER FANS 
Exclusive Autovent design 
— will not overload motor. 
Ruggedly constructed for 
economical operation under 
severe conditions. Avail- 
able in wheel diameters from 9 to 72 
inches; capacities 450 to 45,000 cfm. 
Write for literature! 

ACID-MOISTURE 
PROOF 

PROPELLER FANS 

For use where corrosive acid 
fumes or excess moisture 
exists. Exclusive ^^31 
Series” fan features. Wheels 
treated with protective coating for average 
or severe conditions. From 750 to 12,500 
cfm in wheel sizes 12 to 36 inches. 

VAPOR-EXPLOSION PROOF 
PROPELLER FANS 
Designed for explosive dust or hazardous 
fume conditions. Non-ferrous fan wheels. 
Chemical coatings furnished to require- 
ments. Underwriters Label Class 1, 
Group D, totally enclosed motors, 12 to 
36 in. wheels, 800 to 12,500 cfm. “31 
Series” fan construction features, 

ALLVENT 

ALL-PURPOSE FAN 

Developed for use in com- 
mercial, industrial and 
public buildings . . . stock 
motor with “V” belt drive 
provides maximum efficiency. Non-over- 
loading “31 Series” wheel. Mounted on 
steel panel for easy installation. Six sizes, 
24 to 54 inch wheel diameters with capaci- 
ties from 5,000 to 23,000 cfm. Commerci- 
ally quiet operation. All steeljconstruction. 

AUTO VENT 
“V” BELT DRIVE 
UNIT BLOWERS 

Fully self-contained unit in- 
cluding motor, drives and 
housing; forwardly curved 
blades; adjustable motor pedestal with 
vibration dampeners; universal discharge; 
eight sizes having wheels with diameters 
of from 1234 to 30 inches; capacities 1,200 
to 8,000 cfm. Compact and sturdy. { 


AUTOVENT “BW” 
PROPELLER FANS 

A slow speed operating 
bucket wheel type fan. 
Provides efficient ventila- 
tion and quiet operation 
with minimum power consumption. Ca- 
pacities: 1,000 to 40,000 cfm. Wheel 
diameters: 16 to 72 inches. Sturdy con- 
struction. 


COOLVENT ATTIC 
FANS 

Solve the low cost summer 
comfort-cooling and venti- 
lating problem for homes 
with a quiet attic fan! 
Bearings and motor are 
rubber mounted to insure quiet operation. 
Sizes 24 to 54 in., 4,070 to 21,100 cfm. 


AUTOVENT 
VOLUME BLOWERS 
Compact, direct con- 
nected, motor driven unit 
blowers for general venti- 
lating applications; fume 
hoods, chemical labs, processing, drying, 
forced draft, toilet ventilation, etc. Uni- 
versal discharge. Mount on floor, wall or 
ceiling. Forwardly curved and back- 
wardly curved blade wheels. Can be fur- 
nish^ with special coatings for acid fume 
conditions. Available in nine sizes: Wheels 
6 to 24}^ inches in diameter; capacities 
from 300 to 6,000 cfm. 


AUTOVENT 

TYPE “H” and TYPE “HB” 
BLOWERS 

For heavy duty ventilating and 
air conditioning installations. 
Type “H” — ^forwardly curved 
blade wheels; Type “HB” — 
backwardly curved blade wheels incor- 
porating non-overloading power character- 
istics. Single or double width. Class 1 or 
Class II construction; 17 sizes having 
wheel diameters from 12 to 73 inches. 
Can be furnished to any speed or discharge 
requirement. Write for new catalog. 


Ti^ Complete Line of Autovent Propeller Fans and Blowers is tested and rated in accordance 
with the Standard Test Code adopted Jointly by the National Association of Fan Manufacturers 
and the American Society of Heating and Ventilating Engineers* 
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Unit Heaters 
and Coolers 


John J. Nesbitt, Inc. 

Holmesburg, Philadelphia, Pa. 

11 Park Place, New York City 205 W. Wacker Drive, Chicago, 111. 

Manufacturers of 

THE NESBITT SYNCRETIZER Heating and Ventilating Unit, 

sold by John J. Nesbitt, Inc., and American Blower Corporation; 
NESBITT HEATING SURFACE with Dual Steam- distributing Tubes, 
NESBITT SERIES H HEATING SURFACE, and 
NESBITT SERIES W COOLING SURFACE, 

sold by leading manufacturers of fan-system apparatus; 
WEBSTER-NESBITT UNIT HEATERS and AIR CONDITIONERS 

(See page 1035), distributed in U. S. A. by Warren Webster & Company. 



The Nesbitt Syncretizer — Series 400 

The last word in heating and ventilating 
units for schoolrooms, offices, etc., where 
the continuous introduction of outdoor air 
is desired. For engineering data, get 
Publication No. 225-1; for “The Story of 
Syncretized Air,” Publication No. 231. 

Nesbitt Series B Thermovent 

For heating and ventilating auditoriums, 
gymnasiums, assembly halls, and similar 
gathering places. Publication No. 227-1. 


NESBITT COOLING SURFACE 

Series W (Water) 

Surface with exclu- 
sive drain feature 

For air cooling 
and cooling and de- 
humidifying (with 
cold water) or air 
heating (with hot 
water). Construct- 
ed of copper tubes 
and plate-type alu- 
minum fins. Avail- 
able in either con- 
tinuous or cleanable 
tube type, in single 
sections having one 
to eight rows of 
tubes deep, in three fin spacings, in eleven 
fin widths, and up to sixteen finned tube 
lengths. Sturdy galvanized casings. For 
particulars and engineering data send for 
Publication No. 233. 



UnccLsed Surface 
Showing Drain Header 



NESBITT HEATING SURFACES 
With Dual Steam-distributing Tubes 


Copper tube-and-fin surface for low- 
pressure applications. Perfectly adapted 
to close, continuous automatic control with 
modulating steam valves. Steam-dis- 
tributing tubes within the condensing 
tubes carry the steam equally to the full 
section assuring UNIFORM discharge 
temperatures even under a throttled steam 
supply; eliminating temperature strati- 
fication; preventing tube freezing without 
preheaters; giving ideal system results. 

Cased or uncased units of many sizes 
and capacities. For full particulars and 
engineering data, send for Publication 
No. 229-1. 


For above 
advantages 
plus uniform 
distribution in 
extended fin 
lengths from 
80 to 128 ins., 
specify Nesbitt 

Duplex Heating Surface with Dual Steam- 
distributing Tubes. Publication No. 236. 



Nesbitt Series H Heating Surface 
A lightweight, enduring, highly efficient 
blast-coil heating surface designed for use 
with steam pressures up to 200 lb gauge. 
Well suited to high-pressure as well as low- 
pressure applications. Seven types, each in 
eight fin widths and up to sixteen finned 
lengths — a total of 784 sizes from which to 
select. Send for Publication No. 232 for 
complete engineering data. 
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Refrigeration Economics Co., Inc. 

Canton, Ohio 

RECOY PRODUCTS 


RECOY AIR CONDITIONING 

UNITS of the suspended type as shown, 
or vertical floor type, are made for all 
season purposes, also for summer cooling 
or winter heating and humidifying. 

Capacities range from one ton up to 
any size required. Cooling and heating 
surface, and filter area are liberally pro- 
portioned and blowers are of moderate 
speed, all to insure the highest efficiency 
and quiet, satisfactory performance. 


RECOY CONTINUOUS FIN BLAST COILS 

for cooling or heating are 
constructed of copper 
tubing with aluminum 
fins, or all steel hot dip 
galvanized after fabri- 
cation and are suitable 
for use with any cooling 
or heating medium. 

Bulletin “F”. 

RECOY EVAPORATIVE CONDENSERS 
are cooling towers and condensers combined into one 
efficient unit for use indoors or out. They reduce the 
water consumption 95 per cent and are used with no 
water at all in cold weather. Made in sizes from one to one 
hundred tons. Ceiling Type 2 to 123^ tons. Bulletin “G’\ 


RECOY BLAST HEATERS have all welded 
coils and headers so will stand any steam pressure 
and remain tight for years. Coils are copper 
tubing with aluminum fins or all steel hot dipped 
galvanized after fabrication. The entire unit is 
suspended on the top header and coil is free to 
expand. 

Fan motors are oversize to insure continuous 
service and fans are guarded. 

The casings have liberally rounded corners and 
are beautifully finished in baked crinkle enamel. 

Quotations and data on request. 






RECOY CEILING DIFFUSERS as illustrated are ideal for air conditioning or refrige- 
ration in that the air is distributed at the ceiling and causes no drafts on occupants. 

For heating the construction is reversed and air 
is diffused radially at bottom. 

Fan motors are oversize and ball bearing for 
continuous, satisfactory service. 

Coils are three rows deep, welded and made of 
copper tubing with aluminum fins or all steel hot 
dipped galvanized after fabrication, and will stand 
any pressure and remain tight for years. 

Casings are heavy steel attractively finished with 
baked on crinkle enamel. 

Quotations and data on request. 
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The Trane Company 

2021 Cameron Avenue, La Crosse, Wisconsin 

MANUFACTURERS OF HEATING, COOLING 
AND AIR CONDITIONING EQUIPMENT 

Over 80 U.S. Branch Offices 

Albany, N.Y., Allentown, Pa., Altoona, Pa., Amarillo, Tex., Appleton, Wis., Atlanta, Ga., Aurora, 111., 
Baltimore, Md., Birmingham, Ala., Boston, Mass., Brooklyn, N. Y., Buffalo, N. Y., Canton, Ohio, Charles- 
ton, W. Va., Chattanooga, Tenn., Chicago, 111., Cincinnati, Ohio, Clarksburg, W. Va., Clarksville, Tenn., 
Cleveland, Ohio, Columbus, Ohio, Dallas, Tex., Davenport, la., Dayton, Ohio, Denver, Col., Des Moines, 
la., Detroit, Mich., Duluth, Mmn., Flint, Mich., Fort Wayne, Ind., Gainesville, Fla., Grand Rapids, Mich., 
Greensboro, N. C., Greenville, S. C., Harrisburg, Pa., Houston, Tex., Indianapolis, Ind., Jackson, Miss., 
I^lamazoo, Mich., Kansas City, Mo., LaCrosse, Wis., Lake Charles, La., Little Rock, Ark., Los Angeles, 
Calif., Louisville, Ky., Memphis, Tenn., Miami, Fla., Milwaukee, Wis., Missoula, Mont., New Orleans, La., 
Newark, N. J., New York, N, Y., Oklahoma City, Okla., Omaha, Neb., Peoria, 111., Philadelphia, Pa., 
Phoenix, Ariz., Pittsburgh, Pa., Portland, Ore., Portsmouth, Ohio, Providence, R. L, Richmond, Va., 
Rochester, N. Y., Salt Lake City, Utah, San Francisco, Calif., Seattle, Wash., Sioux City, la.. South Bend, 
Ind., Spokane, Wash., St. Louis, Mo., St. Paul, Minn., Syracuse, N. Y., Toledo, Ohio, Washington, D. C., 
West Harford, Conn., West Haven, Conn., White Plains, N. Y., Wilkes-Barre, Pa., 

Sales Connections All Over The World 
Export Dept.: 76 West St., New York, N. Y. 

In Canada: Trane Company of Canada, Ltd., Mowat and King Sts., W., Toronto, Ont. (11 Branches) 


TRANE EDUCATIONAL MATERIALS 
Trane Air Conditioning Manual 
(New, Enlarged Edition) 



Trane offers the engineering profession a 
comprehensive, straightforward and un- 
bias^ textbook covering the fundamentals 
of air conditioning. Trane engineers have 
gathered all available material, sifted and 
analyzed it carefully to produce in one 
volume the essence of air conditioning 
practice. The Trane Air Conditioning 
Manual not only shows how to design 
every type of air conditioning system, but 
also clarifies underlying principles enabling 
both the student and the engineer to reason 
out their own problems rather than to 
blindly follow complicated formulas. Price 
— $ 5 . 00 . 

Trane Air Conditioning Ruler 
and Psychrometric Chart 

To solve air conditioning problems with 
speed and accuracy. The Trane Company 
has developed the Air Conditioning Ruler 
and Psychrometric Chart. It eliminates 
the laborious calculation entailed by oub 
rnoded methods — saves two-thirds of your 
time in figuring air conditioning problems. 
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TRANE PRODUCTS 
Trane Convectors 

In using the Trane Convector it costs no 
more for the smooth, steady flow of clean, 
even heat obtained. It costs no more for a 
lighter, yet sturdier, 
unit which has superi- 
or heat transfer abili- 
ty. You pay no bonus 
for the harmonious 
design of this clean, 
space saving method 
of heat diffusion for 
all steam and hot 
water heating sys- 
tems. Trane offers a complete line for 
both visible and concealed installation. 

Trane Warm Water Heating 
Trane Warm Water 
Heating Systems bring 
low cost luxury and 
comfort to the most 
modest residence. The 
Trane Circulator, 

Trane Flo Valves and 
Fittings make the hot water heating sys- 
tem function properly and economically. 
Unique in design and application to achieve 
lower initial cost of complete heating 
systems. Ideal for defense housing. 

Trane Unit Heaters 

Trane pioneered and 
introduced the original 
projection type unit 
heater — the Trane 
Projection Unit Heater 
— which accomplishes a 
superior diffusion of heat from high or low 
ceiling installation. The broad range of 
Trane Projection, Propeller and Blower 
Type Unit Heaters enables Trane to make 
unbiased recommendation of the unit best 
suited to do your job, large or small. 







The Trane Company 


Air Conditioning 


Unit Heaters 
and Coolers 


Trane Climate Changers 

The Trane Climate Changer line affords 
a unit selection for practically every known 
air conditioning purpose. Five major types 
possess a diversity of application possibili- 
ties as well as a capa- 
city of range from 250 
to 20,000 cfm. Units 
may be arranged 
for complete summer 
and/or winter air con- 
ditioning and may be 
equipped for either 
steam or hot water 
heating, and for cooling 
with water, brine or 
direct expansion refrig- 
erant. Literally scores 
of sizes and styles are available for floor, 
suspended or concealed installation — com- 
fort or process — in all types of buildings. 

Trane Coils 

The integral fin- 
and-tube construc- 
tion of the Trane Coil 
provides complete 
heat transfer for all 
heating, cooling, dry- 
ing, and air condition- 
ing services. Trane has several thousand 
different styles and types of coils to meet 
all requirements. Types include: high and 
low pressure steam coils; hot and cold 
water coils; blast coils; drying coils; direct 
expansion coils; coils of special materials 
for special gases or liquids; easy-to-clean 
coils for water containing foreign matter; 
coils for installation in units, in ductwork, 
or for separate service. 

Trane Cooling Equipment 

Trane manufactures a 
complete line of Evapo- 
rative Condensers, Evapo- 
rative Coolers, Product 
Coolers, Brine Spray 
Units, Comfort Coolers, 
Railroad and Bus Air 
Conditioners, and Radio 
Tube Coolers. The Trane 
Evaporative Condenser 
(shown) saves up to 90 per cent in water 
costs for refrigerant condensing. Trane 
Cooling Equipment is available in the 
correct size or type to meet any need. 

Trane Dry Blast Systems 

Typical of many Trane arrangements 
available for industrial processes is this 
system which increases the efficiency and 
achieves uniformity of blast furnace opera- 
tions. 


Trane Heating Specialties 

There are over fifty Valves, 
Traps, Vents, Strainers and 
allied specialties in the Trane 
Heating Specialty line. De- 
signed to afford protection and 
accurate control to the steam, 
vapor, or vacuum heating system, Trane 
Specialties are expertly fabricated of select 
materials to insure top performance and 
create definite fuel savings. Trane Heat- 
ing Specialties meet the rigid specifications 
of the United States Navy. 

Trane Refrigeration Units 


The Trane Turbo-Vacuum Compressor 
is a hermetically sealed, centrifugal type 
water chiller which operates under low 
pressure. It is a complete ‘‘equipment 
room” in one compact package. Only two 
moving parts and 26 per cent lighter than 
comparable types. Sizes 50, 70, 100, 
200 T. Trane also manufactures a com- 
plete line of Reciprocating Compressors 
available in sizes from 3 to 50 tons capacity. 
Built for long term performance. 

Trane Gas-Fired Equipment 

Trane manufacturers a 
cortiplete line of gas-fired 
equipment, including Gas 
Space Heaters, Unit Heat- 
ers, and Horizontal and 
Vertical Gas-Winter Air 
Conditioners. These units 
embody a light-weight heat 
generator and heat ex- 
changer — speedy heat 
maker — safe and automatic. 

Other Trane Equipment 

Handsome, sturdy Self- 
Contained Air Conditioners in 
3, 5, 7J^, 10 and 15-ton ca- 
pacities. Also, Condensation, 

Circulating and Booster Pumps, 
Temperature Control Valves, 

Air Washers, Spray Nozzles, 

Fans, Unit Ventilators and 
Dehumidifiers. Bulletins avail- 
able on all Trane Products. Countless 
national defense applications. 
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Air Conditioning 


Heaters, Coolers 
Fans and Blowers 


Utility Fan Corporation 

4851 S. Alameda St., Los Angeles, Calif. 

Utility Gas- Fired Heating Equipment, Evaporative Coolers, Blowers and Fans 


FORGED AIR FURNACES 

B asemen t and 
closet types . . . 
Compact design . . . 
Multiple-fin ele- 
ment with air-cool- 
ed hollow baffle . . . 
Element guaran- 
teed against burn- 
out forever . . . 
Automatic controls 
. . . Filters . . . Built- 
in motor overload 
protection. 

UNIT HEATERS 

Compact heat ex- 
changer with no in- 
side baffles — Indi- 
vidual burners for 
each element section 
— Silent, disc-type 
fan — All-welded 
cabinet — Direction- 
al grilles — Built-in 
draft diverter — 
Temperature limit 
control. Four 
sizes. 




FLOOR FURNACES 



All-welded con- 
struction . , . Die- 
stamped grilles . . . 
heavy cast-iron 
burner ... re- 
movable inside 
jacket . . . inter- 
locking gas valve. 
Floor or dual regis- 
ters. 25,000, 37,- 
000 and 50,000 Btu 
input. 


CIRCULATING HEATERS 


EVAPORATIVE COOLERS 



Comfort cooling — 
residential, com- 
mercial, industrial. 
Exlcusive feature — 
Uni-flowmeter 
(Pat. Pend.) for 
uniform water dis- 
tribution. Patented 
No-Sag cooling 
pads. 14 Models. 


BLOWERS 



Complete line. Dy- 
namically balanced, 
multiple-vane cen- 
trifugal blowers — 
standard and heavy 
duty. Wheel dia- 
meters 6 to 66 in.; 
widths 6 to 66 in. 


EXHAUSTERS 



High flow and high 
pressure designs in 
four drive arrange- 
ments, for exhaust- 
ing many materials. 
High efficiency . . . 
decreased sound. 
Available with acid- 
proof plastic sur- 
facing. 



Fan sends stream of 
air through nozzle- 
shaped outlet to 
hold warm air in 
living zone. Built 
of heavy furniture 
steel ... all die- 
formed and electric 
welded. Vented 
and unvented 
models. 


PROPELLER FANS 



Airplane propeller 
type for high ef- 
ficiency, economy 
and maximum air 
delivery. 2, 4 and 
8 blade models — 
12 in. to 30 in. dia- 
meter; 300 to 250,- 
000 cfm. 


Utility Blowers are tested in accordance with the A.S.H.V.E. Code. 


Write for complete information, catalogs and prices. 
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Air Conditioning • Vnit Heaters 


Factory: 
NEWARK, N. J. 


L. J. Wing Mfg. Co. 

59 Seventh Avenue, New York, N. Y. 


Canadian Factory: 
MONTREAL 



WING REVOLVING UNIT HEATERS 



This innovation in the method of dis- 
tributing heat produces a sensation in 
heating comfort never before attained — a 
sensation of fresh, live, invigorating air. 

The fact that the outlets revolve assures 
uniform and thorough distribution of com- 
fortably warmed air throughout the entire 
working area, without drafts, hot spots 
or cold spots. 

Such an unprecedented high efficiency 
in distributing heat is the result of nearly 
20 years of constant study by Wing engi- 
neers to improve on the Floodlight System 
of heating originated by WING in 1920. 
This method projects the heated air verti- 
cally downward by means of light-weight, 
ceiling-suspended unit heaters. 

It has needed only this latest refinement 
of slowly revolving discharge outlets to 
bring that method to perfection. 

The WING Revolving Discharge type 
supplements the WING line of standard 
fixed discharge outlets, illustrated and 
described on the following page. 

Bulletin HR~1. 


The latest type of WE^G Unit Heater— 
with Revolving Discharge Outlets— is 
just as great a contribution to the 
art of industrial heating as was the 
Ceiling- Suspended Unit Heater, origi- 
nated by WING in 1921. 


The area covered by 
a WING Revolving 
Unit Heater is slowly 
swept by the heated 
air discharged by the 
outlets which move 
through an arc of 360 
deg. covering every 
direction of the com- 
pass successively. 

By maintaining an 
active, constant circu- 
lation of air through- 
out an industrial plant 
at all times, a new 
sensation of refreshing, 
invigorating comfort to 
workers is produced. 
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LJ.WingMfi.Co. 


Air Conditioning • vmt Heaters 


WING FEATHERWEIGHT UNIT HEATERS 



Type *‘HC” Fixed 
Discharge 


The first light-weight, ceiling-suspended, unit heater. Eight 
different designs of outlets meet the requirements of every type, 
size and height of building or occupancy. Located near ceiling 
or roof, the accumulation of hot air in the upper spaces, with the 
accompanying costly waste of heat, is prevented. They project 
the air, comfortably warmed, downward to the working area. 
Bulletin H-9. 



Design No. 3 Design No. 4 Design No. 8 



VARIABLE 
TEMPERATURE 
SECTIONS 

Invaluable in supply- 
ing fresh air for space 
heating or process work. 
Close control of the de- 
livered air temperature 
is obtained without 
danger of freezing. 
Manual or automatic control. Bulletin HS-2, 

DOOR HEATERS 
GARAGE 
HEATERS 
WING originated 
the vertical cone- 
discharge heater in 
1921 and today it is 
still applicable for heating the inrush of 
cold air at large doorways and for garage 
heating. Often cuts heating costs in half. 
Bulletins D-1 and G-1. 


Ob 


FOR LOW 

In this type of 
WING Unit Heater 
the position of fan 
and motor are re- 
versed to meet con- 
ditions of ceiling or 
roof height, form 
and shape of 
building, coverage, 
.etc. Bulletins HR-l 

WING UTILITY 


CEILINGS 



Type “LC” 
and H-9, 

UNIT HEATERS 


gSjl A lightweight suspended 
unit heater for delivering 
heated air in one general 
direction. Has the same 
powerful fan and rugged 
heating element as WING 
Featherweight Unit Heat- 
ers. This is the latest re- 
finement of the original horizontal light- 
weight heater which was developed by 
WING. Bulletin U-6. 



FEATHERFIN 
HEATER 
SECTIONS 
For heating or 
cooling air for any 
purpose by steam, 
hot or cold water or 
refrigerant. The 
heating element is 
extremely light and, 
for equal heat trans- 
fer, offers little resistance to air flow. 
Available for any desired final air tem- 
perature. Bulletin HS-S. 



WING INDUSTRIAL FOG 
ELIMINATORS 


Eliminate fog, odor 
and fumes in dyeing, 
bleaching and finish- 
ing plants,^ creamer- 
ies, pasteurizing, bot- 
tling, canning and 
packing plants, chem- 
ical works, paper 
mills, steel pickling 
plants, etc. No ducts 
are required. Bulletin 



FE~12. 


TURBINE-DRIVEN HEATERS 

Any WING 
Unit Heater 
can be furnish- 
ed with steam 
turbine-driven 
fan for loca- 
tions where 
high-pressure 
steam is avail- 
able. Photo 
shows turbine-driven revolving unit heater. 
Can also be supplied for fixed discharge or 
utility type heater. Bulletin HR~1 and H-9. 
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L. J. Wini Mfg. Co. 


Air Conditioning 


Unit Heaters 
Fans and Blowers 


WING-SCRUPLEX SAFETY 
VENTILATING FANS 


WING FEATHERFIN PROCESS 
HEATING UNITS 



A propeller type 
fan that will deliver 
air against static 
pressure, quietly 
and efficiently. 

Moves the air for- 
ward in straight 
lines with minimum 
eddy. Capacities to 
100,000 cfm. Bul- 
letin F-8. 


For man- 
ufactur- p 

ing pro- P 

cesses 
such as 
drying, 
aging, 
etc., re- 
quiring the recirculation of the heated aii 
Motor or turbine located outside air cur- 
rent. Bulletin P-2, 



WING-SCRUPLEX EXHAUSTERS 



For economically moving air wherever ducts 
are used. It combines the efficient WING- 
Scruplex Propeller Fan with a housing which 
places the motor entirely outside the air duct. 
Motor and drive remain cool and clean and are 
easily accessible. 

The powerful WING-Scruplex Fan delivers 
high air volume with low power consumption 
against any pressures for which duct systems 
should be designed. V-belt or direct drive. 

Light, compact and easy to install. Bulletin 
78-A. 


WING SYSTEM OF CONTROLLED 
COMBUSTION 

For low pressure heating boilers and small power 
boilers. Increases capacity and permits use of 
lowest cost fuel. Includes Type EM Blower 
equipped with fully enclosed dustproof motor with 
speed regulating rheostat and automatic control. 
Eliminates necessity of frequent firing, allowing 
intervals as great as 24 hours even in zero weather. 
Bulletin M-96. 

WING TURBINE-DRIVEN BLOWERS 





'i -U: . t 




Applied to hand, stoker, oil or pulverized 
fuel fired boilers, increase boiler capacity, 
maintain constant steam pressure and 
permit com- 
plete combus- 
tion of low-cost 
fuels. The ex- 
haust steam, 
free from oil, 
can be used for 
heating or pro- 
cesses. Bulletin 
T-98. 

WING DRAFT INDUCERS 
Installed in breeching or flue, or on 
chimney top; provide positive, exact draft 
regardless of weather conditions or inade- 
quate chimney 
or breeching con- 
struction. Suit- 
able for coal, oil, 
or gas-fired boil- 
ers; industrial 
furnaces and 
kilns. Bulletin 
Chimney-Top Installation PIO. 



Installation of Wing System of Controlled 
Combustion in a large school 

WING MOTOR-DRIVEN BLOWERS 

Type COM 
for static pres- 
sures up to 10 
in. W. G. and 
volumes up to 
50,000 cfm. 

Type E M D 
for moderate 
static pres- 
sures up to 2 
in. Both blowers have 
fully-enclosed dustproof 
constant speed motor 
and built-in adjustable 
control vanes. Type 
COM has double-staged 
axial flow fan; Type 
EMD, single stage fan. 

Extremely compact; dis- 
charge can be vertical, 
horizontal or inclined. 

BuUetinCO-4. Type EMD 
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AIR SYSTEM EQUIPMENT 

• 

Air systems for heating, cooling and ventilating services are produced by 
grouping various machines and accessories, each performing a function in 
the complete cycle of the desired operation. The essential parts and acces- 
sories described by the manufacturers are contained in the following groups: 

AIR FILTERS AND CLEANERS (p. 918-933) 

Mechanical and electrical methods of filtering, also air washing and purifying 
apparatus and their applications. 

Technical data on this subject will be found in Chapter 29. 

HUMIDIFYING UNITS (p. 934-937) 

For supplying moisture to air and controlling its volume as desired for industrial 
and commercial uses, or for comfort requirements. 

Technical data is contained in Chapter 24. 

COOLING TOWERS AND SPRAY EQUIPMENT (p. 935-938) 

For cooling and reclaiming water used in industrial processes and air conditioning. 
Technical data will be found in Chapter 27. 

HEAT TRANSFER SURFACES (p. 938-942) 

As parts of heating and cooling units, and for separate use in industrial and 
commercial heating and cooling systems. 

Technical data is contained in Chapter 26. 

CONDENSING UNITS AND REFRIGERATING MACHINERY (p. 943-951) 

For refrigerating processes and for cooling purposes in industrial, commercial and 
comfort air conditioning service. 

Technical data will be found in Chapter 24. 

FANS AND BLOWERS (p. 952-964) 

For use as separate air circulating equipment, or as parts of heating and air con- 
ditioning units. 

Technical data is contained in Chapters 23 and 30. 

MOTORS (p. 965-967) 

Used in conjunction with blowers, fans, stokers, oil burners and other heating, 
cooling and air conditioning apparatus. 

Technical data on motors will be found in Chapter 36. 

REGISTERS AND GRILLES (p. 968-981 ) 

Air diffusion equipment for use with heating, ventilating and air conditioning 
systems. 

Technical data relating to this equipment is contained in Chapters 31 and 32. 

SHEET METAL AND TUBULAR PRODUCTS (p. 982-985) 

Sheets for air ducts and enclosures; pipes for gas, refrigerants, steam, water, etc. 
Technical data on pipe and piping is contained in Chapters 15 and 18. 

Manufacturer's products shown in this division are designed for specific applications. 
Consult the Index to Modem Equipment for additional products of these manufacturers. 
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Air System Equipment 


Air Filters 
and Cleaners 


The Air-Maze Corporation 

5202 Harvard Avenue, Cleveland, Ohio 

ENGINEERS AND MANUFACTURERS OF AIR FILTERS EXCLUSIVELY 

Direct Factory Representatives in All Industrial Areas. 
Distributors in principal cities and towns throughout the United States. 


During more than a decade devoted 
exclusively to air filter engineering and 
manufacturing, a great deal about the 
control and elimination of dust, pollens 
and grit has been learned by AIR-MAZE 
engineers. Their design and development 
of a unique type of filter element con- 
struction, embodying distinctive advan- 
tages, has been considered a worthy con- 
tribution to the air filtering science and has 
resulted in wide acceptance of AIR-MAZE 
air filters in all fields of application. 



2 in. Thick Panel 4 in. Thick Panel 


AIR-MAZE Permanent Cleanable Panel Filters 


Note Advantages Made Possible by 
Air-Maze Scientific Construction: 

Costs Little to Clean — The separating 
layers and exact spacing of baffles permit 
free washing action between and around 
all baffles. Thus, cleaning and charging 
operations may be easily and economically 
performed. 

Great Dust Capacity — Unique design 
of the AIR-MAZE screen wire element 
provides a vast area of baffles on which 
collected material can become impinged; 
thus great capacity is assured. 

Vibration Proof — Vibrations in service 
cannot shake filter media out of position — 
the uniform density remains permanently 
perfect; no replacements are necessary! 

AIR- MAZE Are Listed by Under- 
writers’ Laboratories— When serviced 
according to the methods approved by the 
Underwriters’ Laboratories, AIR-MAZE 
panel filters are approved as fire resistant 
air filters. 


Efficiency — Tests under varying con- 
ditions, both in laboratories and field oper- 
ations, show air filtering efficiency of from 
98.00 to 99.83 per cent with practical dust. 

No Clogging — Because AIR-MAZE 
panel filters are easy to completely clean 
and since the exact density enables uni- 
form deposit of dust, no clogging can occur. 

Adaptibility — In addition to air condi- 
tioning and power equipment installations 
AIR-MAZE panel filters are effectively 
used in humidifiers, water eliminator units, 
paint spray-booths, oil separators, range 
canopies in kitchens, and other applica- 
tions where specific problems and unusual 
requirements are easily handled by adapta- 
tions of the panels. AIR-MAZE panels 
will be made to fit frames of existing 
installations and can be furnished with 
locking handles and latches, snap catches, 
or with flanged edges and lift handles. 



Magnified Section of "Loaded"' AIR-MAZE Air 
Filter Element. Note that dust has been quite evenly 
impinged on the wires. No obstructed spaces can he 
seen. This feature accounts for the Low Pressure 
Drop and Non-dogging characteristics of A IR-MAZB 

TECHNICAL INFORMATION 

Sizes — ^All sizes and thicknesses are 
available; two and four inch thick panels 
are the accepted standard. Installations 
using large sizes of these permanent panels 
are surprisingly low in cost. 

Capacity — Recommended air capacity 
is IH to 2J^ cfm per square inch. Thus, 
the capacity of a 20 x 20 in. panel is 600 
to 1000 cfm. Normally, 2 cfm per square 
inch should be used. 




Air System Equipment 


Air Filters 
and Cleaners 


The Air-Maze Corporation 

5202 Harvard Avenue, Cleveland, Ohio 


Resistance — For 2 in. thick panels the 
resistance varies from 0.08 in. to 0.10 in. 
H 2 O when handling 2 cfm per square inch 
of filter area (288 fpm velocity); and for 
4 in. thick filters the resistance varies from 
0.121 in. to 0.140 in. H 2 O at 2 cfm per 
square inch (288 fpm velocity); the vari- 
ation being in accordance with the differ- 
ent types of filter^ media construction 
available. To obtain specific restriction 
data write for graphs. 

Construction — AIR-MAZE filters are 
of patented construction consisting of a 
maze of alternately placed and exactly 
spaced crimped galvanized wire screens of 
selected meshes; these are arranged with 
precision so as to create graduated and 
progressive density, and to positively em- 
body the baffle impingement principle. 
The filter element is enclosed in a heavy 
gauge metalescent enanieled steel frame 
having an open end to simplify servicing. 


EASY TO CLEAN AND CHARGE 



Wash out filtered 
matter in a pan 
of hot water or 
under a stream 
of hot water. 



Cut-away View 



From a fiat sur- 
face raise one 
end and let it 
drop sharply 
several times. 
This facilitates 
drainage. 


After cleaning and also after charg- 
ing, set panel on edge, with open end 
down, to drain. 


Cleaning — Simply tap panel a few 
times on a hard surface to remove heavy 
accumulations and then wash under a 
stream of hot water or in a pan of hot 
water. Steam also cleans the panels 
quickly and effectively. Be sure filter is 
dry before charging. 

Charging — (For general applications) 
Spray both front and back of panel with 
just enough oil to coat the wires. Any 
inexpensive oil of S.A.E. 40 or 50 viscosity 
is suitable. An ordinary hand spray gun 
will do the work splendidly. Or, if desired, 
panel may be immersed in oil and then 
thoroughly drained. 


AIR-MAZE INSTALLATION FRAMES 



frames assure efficient, attractive installations. 


AIR-MAZE panel holding frames are 
constructed of metalescent enameled heavy 
gage steel having % inch flanged back 
edge. A thick felt lining on inside of flange 
insures against air leakage when panels 
are in place. One frame may be used 
alone in single panel installations, or a 
group of frames may be supplied, fixed 
together; thus a large bank of filter panels 
may be provided. Every 2 in. frame section 
is fitted with snap catches as standard equip- 
ment; a lift handle is installed on each 
panel; 4 in. panels and frames have locking 
handles. 

In determining frame sizes, 5^ inch is 
allowed over the EXACT width, and 
^ inch over the EXACT height dimen- 
sions of the panels. These dimensions 
include frame edge, clearance and felt 
edge seals. 

Specify AIR-MAZE — for all air filter 
installations and you will be assured of 
efficient, economical performance. Write 
for specification bulletin CCC-69. 

Engineering Service Available — The 
Air-Maze Engineering Department will 
gladly offer installation suggestions for 
special air filter applications. 

Other AIR-MAZE Products — In ad- 
dition to the panel types, Air-Maze Cor- 
poration also manufactures a complete line 
of circular shaped air filters for use in 
various Railroad, Industrial and Auto- 
motive applications. 

Literature Available — Catalog GPC- 
740 describing industrial types “A,” “B,” 
Greastop, and Kleenflo panel filters. Cat- 
alog describing Air-Maze Oil Bath type, 
Multimaze and Unimaze filters for internal 
combustion^ engine, air compressor and 
blower applications. 
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Air System Equipment 


Air Filters 
and Cleaners 


American AirJ^lterCompany Inc. 

673 Central Avenue, Louisville, Ky. 

Representatives In Principal Cities 


Dust Engineering — Dust 
Engineering is that branch of 
applied science which deals 
with the origin, nature and 
characteristics of the small 
solid air-bome particles called 
“dust,” and the development 
of methods, processes and 
apparatus for its control or 
elimination. 

The American Air Filter 
Company, Inc., has had an 
important part in advancing 
the science of Dust Engineer- 
ing. The efforts of its Re- 
search and Engineering Staff 
for the past twelve years have 
been devoted exclusively to 
the study of dust problems 
and the development of a 
complete line of air cleaning 
equipment for modem air 
conditioning, building venti- 
lation and the control of pro- 
cess dust in industry. 

American Air Filter pro- 
ducts, therefore, not only 
embody the knowledge ac- 
cumulated from years of con- 
stant research and the ex- 
perience gained from desi|jn- 
ing, building and applying 
thousands of air filters, but 
are backed by ample technical 
and financial resources to in- 
sure their outstanding posi- 
tion in the Dust Engineering 
field. 

Produ cts — ^American Air 
Filters are available for every 
condition, with operating 
characteristics and efficiencies 
to suit specific problems. In 
general, there are two distinct 
types based upon the “viscous 




Airtnai Type PL-24 Filter 



Throw ay Air Filter 


film” and “dry mat” 
principles. Each type is 
made in several styles 
which differ in methoa of 
operation, servicing, space 
required and initial cost 
to meet the various con- 
ditions encountered in air 
cleaning problems. A dis- 
cussion of various filter 
types will be found in the 
Technical Data Section 
under “Air Cleaners.” 

Air filters are generally 
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used for the removal of dust, 
dirt, bacteria and other 
foreign matter from the air 
and are applied to general 
ventilation, modern air con- 
ditioning, process dust con- 
trol; for air compressors and 
Diesel Engines; mill motors, 
turbo-generators and other 
electrical applications; and 
for air or gas under pressure 
to remove entrained oil, 
moisture and dirt. 

Air Filters In Air Con- 
ditioning — Filtered air is 
today recognized as essential 
in modern air conditioning. 
There are other important 
factors which contribute to 
our comfort such as tem- 
perature, air movement and 
humidity, but science today 
emphasizes the prime neces- 
sity of pure air for health and 
efficiency. 

Air cleaners have, of course, 
always been considered an 
integral part of large central 
systems. These are usually 
of the fully automatic type 
such as the American Auto- 
matic Self-cleaning filter or the 
self-cleaning Electro- Matic. 

There are now available to 
manufacturers of unit air 
conditioners moderate priced 
unit filters such as the Renu 
filter, the Throway filter, and 
other types of filters illu- 
strated on this page. 

The Renu filter is an 
entirely new departure in air 
filter construction. It con- 
sists of a permanent metal 
frame provided with a re- 
movable cover and renew- 
able filter pad. The cover 



Standard Viscous Unit Filter 




American Air Filter Co., Inc. 


Air System Equipment 


Air Filters 
and Cleaners 


is easily removed without 
the use of tools, and filter 
pad can be lifted out and 
replaced with a new one at 
very small expense. 

The Throway filter, as 
the name implies, is de- 
signed to be discarded after 
it has served its maximum 
period of usefulness and re- 
placed with a new filter unit. 
The Filter pad is enclosed in 
a perforated cardboard con- 
tainer which makes it pos- 
sible to readily dispose of 
the dirty filter by burning it. 

There is probably no sin- 
gle item which costs as little 
and may mean as much in 
the design of an air con- 
ditioner as air filtration. 
These units are furnished in 
any dimensions or shapes 
desired — usually in units 
handling 400 cfm and from 
2 in. to 4 in. thick. They 
are usually made in the 
following sizes — 20 x 20 in., 
16 X 25 in. and 16 x 20 in. 
High cleaning efficiencies 
can be secured, with a re- 
sistance to air flow ranging 
from 6 in. to % in. water 
gauge. 

Automatic Self -Glean- 
ing Air Filters — The 
American line of automatic 
air filters is among the most 
complete ever offered. Prov- 
ed in principle and perform- 
ance by years of actual 
service. 

The more general use of 
thermoplastic finishes for 
refrigerators, stoves, auto- 
mobiles, and other metal 
products has created the 
need for clean air in finishing 
rooms. This type of finish 
is hardened by baking, so 
the product on which it is 
used must be protected from 
contamination by dust and 
dirt from the time it is 
sprayed until it leaves the 
oven. 

Spray booths exhaust 
large quantities of air, and 
if this air is drawn from 
other parts of the plant, it 
will contain considerable 
dust and dirt. If dirt and 
dust particles are permitted 
to settle upon freshly spray- 
ed surfaces, they will be 



Amertcan Automatic 
Self-Cleaning Filter 



Electro-Maiic Air Filter 


trapped in the semi-tacky 
coating and cause blemishes 
in the finished product. 

This trouble can be elim- 
inated only by enclosing 
the finishing room and in- 
stalling a filtered air supply 
system with sufficient ca- 
pacity to provide a constant 
supply of clean air in excess 
of the volume exhausted by 
the spray booths. 

High efficiency air filters 
are needed for this service 
to minimize rejects and do- 
overs. The automatic self- 
cleaning filter has proved 
the most practical type and 
is widely used for this ap- 
plication because of its 
ability to maintain a con- 
stant, uniform air volume 
with the minimum of at- 
tention. 


American Automatic Fil- 
ters can be furnished with 
either Multi- Panel, Type 
“MS,” or Double Duty 
Type “DD” panels, de- 
pending upon the service 
which they are to perform. 
Complete engineering data 
is available. 

Electro-Matic Air 
F il ter — I ncorporates elec- 
trical precipitation as an 
integral function of an auto- 
matic self-cleaning viscous 
filter to obtain a higher 
over-all efficiency in dust 
removal. Its higher effi- 
ciency as an air cleaning 
unit, is due principally to 
the collection of the finer 
dust particles and smoke, 
by electrical precipitation. 
In combination, these two 
methods of cleaning air not 
only give the highest effi- 
ciency in dust removal but 
offer operating advantages 
found only in the automatic 
self-cleaning filter. 

Standard Viscous Unit 
— The American Unit Air 
Filter incorporates the time 
tested unit principle of con- 
struction. Each unit con- 
sists of a standard steel 
frame and interchangeable 
cell equipped with auto- 
matic latches to facilitate 
removal for cleaning and 
recharging. 

Airmat Filter Dry Type 
— The filtering media in this 
type is the Airmat sheet, a 
dry filter mat composed of 
thin sheets of gauzy, cellu- 
lose tissue. The Airmat 
sheets are supported in 
screen pockets mounted in 
a unit frame of box-like con- 
struction. These unit frames 
can be set up to meet any 
capacity requirement or 
space condition. Airmat 
sheets are renewable — their 
life depending on dust con- 
ditions and hours of service. 

Airmat filters are used 
both for comfort and indus- 
trial air conditioning. In the 
latter field they are particu- 
larly well adapted for the 
recovery of valuable dusts 
and for abating the dust nui- 
sance prevalent in so many 
industrial plants. 
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Air System Equipment 


Air Filters 
and Cleaners 


Coppus Engineering Corporation 

339 Park Avenue, Worcester Mass. 
MANUFACTURERS OF AIR FILTERS, STEAM TURBINES, 
GAS BURNERS, FORGED DRAFT BLOWERS, COOLING FANS 


“COPPUS AIR FILTERS PASS CLEAN AIR” 


The Coppus Unit Air Filter (patent 
No. 2050508 and other patents pending) is 
of the dry type using as filter material all- 
wool felt. It consists of a distender frame 
(C, Fig. 2), a filter “glove” (E, Figs. 1 and 
2) and a retainer grid {B, Fig. 1). The 
edges of the retainer grid form a reenforced 
sheet metal box {A, Fig. 1) for protection 
of the filter element. 

The edges of the filter glove are reen- 
forced on all four sides assuring an air 
tight seal against by-passing of dirty air. 
By tightening the wing studs which hold 
the distender frame and the retainer grid 
together, the filter glove is stretched and 
held tautly inside of the filter box, giving 


the pockets a tapered shape so essential for 
an even air flow. 

This design has the advantage of pro- 
viding an effective filter area entirely 
unobstructed by wire or screen supports. 
Cut, Fig. 3 shows the tapered filter pockets 
on the clean air side. The filter glove can 
be readily replaced without removing the 
unit filter from the installation. No aux- 
iliary frames for insertion of the filter cells 
are required as the completely assembled 
unit filters can be bolted together to a filter 
bank of any desired size. 

All metallic parts are rust-proofed and 
Duco Painted. 



Fig. 1 


Fig. 2 


Specifications 

Normal Rating: 800 cfm. 

Resistance when clean: 0.2 in. W.G. 

Dust Arrestance (cleaning efficiency): 99.61 per 
cent (Tested in accordance with A.S.H.V.E. 
Standard Code for Testing and Rating Air 
Cleaning Devices Used in General Ventilation 
Work). 

Dimensions: 20 by 20 in. by 554 
Weight per unit: 25 lb. 

ANOTHER COPPUS BLUE RIBBON PRODUCT 
Outstanding Advantages 

1. It has an exceptionally high dust arrestance. 

2. It maintains a high dust arrestance even under diverse conditions 
of neglect. 

3- Its operation is not impaired by atmospheric conditions. 

4. It is a Medium Air Resistance Type (Class C) according to the 
A.S.H.y.E. Code for Air Cleaning I Devices. 

5. It is easily and quickly cleaned without removing the filter element. 

6. Its cost of upkeep is very low because the permanent filter element 
is reconditioned periodically with a vacuum cleaner. 

7. It combines scientific knowledge and practical engineering methods 
with highest quality of material and workmanship. 

Write for Complete BufXeiins 
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Cleaning Filter 
Elements with 
Portable Vacuum 
Cleaner 





Air System Equipment 


Air Filters 
and Cleaners 


Research Products Corporation 

Madison, Wisconsin 

RESEARCH AIR FILTERS FOR HEATING AND AIR CONDITIONING 

U. S. Patent 2070073 


Research Filter With Cardboard 
Frame 



Research Self-Seal Re-Fil-Able 
Filter With Hinged Wire Grids 


Disposable 
filter, which 
when dirty, is 
replaced by 
entire new 
unit. For warm 
air furnaces, 
air condition- 
ing units, filter 
banks. 

Research Self- Seal Re-Fil-Able Filter 
With Hooked Wire Grids 



Easy-to-change Re-Fil-Able filter. Re- 
placeable pad held snugly between hinged 
wire grids. Used extensively for filter 
banks. 



Research Steel Frame Re-Fil-Able 



Filter pad, sandwiched between wire 
grids which hook together; pad is easily 
replaced. Used in furnaces, air con- 
ditioning units and filter banks. 


Re-Fil-Able filter with permanent steel 
frame, complete with wire grids to hold 
the removable pad in rigid position. New 
pad easily inserted. 


TECHNICAL DATA ON RESEARCH AIR FILTERS 


Capacity Rating 

Research Air Filters 
are rated at 2 cf m of 
air per sc[ in. of 
gross nominal area. 
Recommended 
maximum air veloc- 
ity is 400 fpm. 


Resistance, Air 
Inches of Velocity. 
Water FPM 

.018 , 100 

.065 200 

.130., .. 300 

.200 .. . 400 


•-.I 

lU 

fc C.2 




A Research Air Filter 20 x 20 x 2 in., 
when tested according to the test code 
of the American Society of Heating and 
Ventilating Engineers has an efficiency 
of 93 per cent, tested with standard 
code dust. The dust holding capacity 
with standard code dust is 150 grams 
per sq ft of filter area, the restriction at 
this dust load being .2 in. of water. 


RESEARCH AND “400” SERIES 2-INCH AIR FILTERS 

Dimensions, Ratings and Manufacturing Tolerances 


Nominal Sizes 

Ratings 

Volume of Air 
Cleaned at 
Velocity 

300 F.P.M. 
C.F.M. 

Actual Dimensions 

These dimensions are 
used by the trade to 
order niters and refer 
primarily to the size of 
holder into which the 
filter fits. 

A 

Width 

B 

Height 

c 

Thickness 

D 

Border 

1 Tolerances 

Plus 0.00 In. 

Minus In. ' 

Plus In. 

Minus In. 

20 X 25 X 2 

1000 

195/8 

249^r6 

1% 

V4 

20x20x2 

800 

195/8 

195/8 

1% 

Va 

16x25x2 

800 


24% 

1% 


16 X 20 X 2 

640 

15% 

195/8 

1% 

Va 

15x20x2 

600 

14^5fo 

i9‘5r. 

m 

Va 
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i-f , Filters 

Air System Equipment • 


W. B. CONNOR ENGINEERING CORP. 


114 East 32nd Street 
New York, N. Y. 



Representatives 
in All Principal Cities 


Division 

Canadian Representative: Arthur S. Leitch Co., Ltd., Toronto, Ont. 
Manufacturers of a Complete Line of Odor Removal Equipment 


Wherever Odor or Air Contamination is an Annoyance, Nuisance or Hazard, 
a Dorex Solution is Available 

Dorex is the only positive ' '""N In Air Conditioning, Dorex 

method of extracting gaseous D enables the reduction of out- 

impurities from air. It is the '■"*» side air requirements to a 

practical application of the q ^ minimum, making possible 

fool-proof militarygasmaskto i --mu substantial savings in equip- 


Dorex is the only positive 
method of extracting gaseous 
impurities from air. It is the 
practical application of the 
fool-proof militarygasmaskto 
commercial air purification. 
Dorex is daily eliminating 
odors in stores, restaurants, 
theatres, hotels, schools, hos- 
pitals, laboratories, public 
buildings, plants, factories, etc. 


ODORimUpl 

A^ii 


ment costs and operating 
expense. Because Dorex im- 
poses little resistance and can 
be inexpensively reactivated 
upon exhaustion, mainte- 
nance is low. 


Type “H” — For Contaminated Air Intakes, Noxious Exhausts, 
Odorous Recirculation, Etc. 



C.F.M. 

No. of 
Canisters 

Height, 

In. 

Width, 

In. 

Length, 

In. 

Weight, 

Lbs. 

1000 

35 

20 

41 

18 

70 

5000 

175 

40 

100 

18 




or 60 

50 

22 

350 

10000 

350 

60 

100 

22 




or 80 

80 

22 .1 

700 

20000 

700 

80 

160 

22 




1 or 100 

82 

44 

1 1400 


Note: Dtmensions given only indicate volume of space required and 
^ are arbitrary. If width is increased, height or length may be reduced 
accordingly and vice versa. 

Multiple, removable, perforated metal activated carbon-filled adsorption canisters — 
compactly arranged on manifold plates in ducts or casings, so that all air must pass 
uniformly through the granular carbon media. These units have a life of six months to 
over two years, depending on service. When exhausted, the used canisters are returnable 
for substantial credit against the purchase of new canisters. 

Type **G” — For Insertion in Ducts, Attachment to Air Filters or Grilles, 
Incorporation in Unit Air Conditioners 


— — :■ Designed especially 

^ to remove accumu- I 

I lated odors from air | 

i recirculated in air ~ '<>” 

conditioning sys- | 

! terns, the Type “G” I 

is extremely com- 
pact and is easily 
. - ™ installed in existing 

as well as new sys- 
tems. Available in sturdy, standard size panels 
listed, having one, two or three staggered rows of 
perforated metal carbon-filled, adsorption tubes, 
designated as G-1, G-2 and G-3 respectively. 
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20x161/2 

20x20 

24x24 

25x161/2 

Nominal 
Dimensions, In. 

25x20 




IV. B. Connor Engineering Corp. 


Air System Equipment 


Air Filters 
• and Cleaners 
Odor Control 



Unit 

Av. Cu. Ft.. Room 
Volume Served 

Current, 

Watts 

Size, In. 

Diameter | Length 

Weight 

Lbs. 

SQ-8 

1200 

30 

n 

17 

14 

SQ-10 

2000 

40 

13 

17 

20 

SQ-12 

3500 

75 

15 

22 

29 

SO- 14 

7000 

120 


30 

48 



Type “A-IOO-F” 

For general utility duty. Delivers 100 cfm of pure, 
filtered, odor-free air. Contains 4 carbon filled canisters, 
dust filter, 40 watt motor and circulating fan — all en- 
cased in enameled cabinet. Has a host of practical 
uses — in homes, offices, doctor’s suites, stores, walk-in 
refrigerators, locker plants, etc. 

Among Thousands of Dorex Users 

American Cyanamid Co,, Anheuser-Busch, Inc., Bonwit, Teller & Co., Consolidated 
Edison Co. of New York, Inc., Coty, Inc., DuPont Film Mfg. Co., Huyler’s Restaurants, 
Linde Air Products Co., Merck & Co., Inc., Metropolitan Life Ins. Co., The Procter & 
Gamble Co., Standard Oil Companies of N. Y. and N. J., Union Carbide and Carbon 
Corp., Western Union Telegraph Co., Westinghouse Electric & Mfg., F. W. Woolworth Co. 



There are Dorex Units for compressed air lines and many industrial processes. 
Write for complete information. 
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Air System Equipment 


Air Filters 
and Cleaners 


Owens-Coming Fiberglas Corporation 


AIR 


FILTERS 


Toledo, Ohio 

FOR USE IN RESIDENTIAL, COMMERCIAL and INDUSTRIAL 
HEATING , VENTILATING and AIR-CONDITIONING SYSTEMS 


FIBERGLAS* 




AIR FILTERS 


Dusl-Slop No. 
1 Filter, 1 in, 
thick, at left. 
No. 2 Filter, 
B in. thick, 
shown at right. 
No. 2 Filters 
are designed 
for application 
where their 
greater dust- 
holding capa- 
city permits 
longer inter- 
vals between 
replacements. 


^Trademark Reg U. S. Pat. Off. 



The Fiberglas Dust- Stop Air Filter 

consists of a series of Fiberglas Mats, 
progressively packed — coarse glass fibers 
of lesser density at the intake and fine 
glass fibers of greater density at the dis- 
charge face — between stamped metal 
grilles bound with a fiberboard frame. 

Mats are coated with a non-evaporating, 
adhesive ^ having extraordinary wetting 
power, will retain viscosity under oper- 
ating temperatures ranging from 15 F 
below to 300 F above zero, will not flow or 
charge the air with 
adhesive. 


Standard Sizes for Equipment* 


Engineered to 
Provide High Effi- 
ciency, Fiberglas 
Dust-Stop Air Filters 
also provide low cost 
of installation and 
maintenance. 

Efficiency — 97 
per cent (Tested ac- 
cording to A.S.H.V.E. 

Standard Code for *Other standard and any special sizes available, facturers on request. 
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Standard Sizes 
(Nominal) 

Ratings 

^ Average 
Resistance Inches 
Water Gauge 
Clean 

Cfm 

Fpm 

20'^x25'^%r 

1000 ' 

300 

.065 

20^x20^xr 

800 

300 

.065 

16^x25'^xP 

800 

300 

.065 

i6^x2o^x r 

640 

300 

065 

2(rx 25^x2^ 

1000 

300 

.125 

20^x20^x2'' 

800 

300 

.125 

16^x25'^x2^ 

800 , 

300 

.125 

16^x20^x2'^ 

640 

300 

.125 


Testing and Rating Air Cleaning Devices 
Used in General Ventilation Work). 

Available in Two Standard Types — 
Fiberglas Dust-Stop No. 1 (1 in. thick) is 
designed for greatest operating economy in 
commercial and industrial applications. 
No. 2 (2 in. thick) is recommended for use 
in unsupervised installations. It permits 
longer intervals between replacements. 
Both may be used in domestic applications. 

Engineering Service — Owens-Corning 
Fiberglas Corporation maintains offices in 
several metropolitan 
centers where repre- 
sentatives, qualified 
to assist in the plan- 
ning of filter instal- 
lations, are available 
for consultation. 

Literature — Data 
sheets on all standard 
Fiberglas products 
and applications will 
be furnished to engi- 
neers and manu- 




Air System Equipment 


Air Filters 
and Cleaners 


Owens-Coming Fiberglas Corporation 


Toledo, Ohio 

A I'D I?!! ■P'D A A/fT?C! HEATING, VENTILATING and 

/iiJv riJ^iX!/iv nvAiviJLo air conditioning systems 


FIBERGLAS* 




FILTER FRAMES 


♦Trademark Reg. U. S. Pat. Off. 


Fiberglas Dust-Stop “L” and “V” 
Filter Frame Assemblies are installed by 
engineers of commercial and industrial 
heating, ventilating and air conditioning. 
Frame members of heavy steel are as- 
sembled vertically in combinations to 
satisfy any CFM and space requirement. 
Both types of frames are designed for 
the convenient and correct handling of 
Dust-Stop filters. They meet all Fire 
Underwriters’ and local Fire Ordinance 
requirements, as well as the requirements 
of Federal Specifications for filter frames. 

The choice between the '‘L” type and 
‘‘V” type frames is determined wholly by 

the space 


available 
for the filter 
frames. 
The ‘‘L” 
type filter 
frame takes 
less depth 
within the 



duct or plenum chamber but remaires 
a larger face area for the same CFM 
capacity. The “V” type frame requires 
a face area approximately the same as the 
cross-sectional area of a duct which will 
handle the volume of air for which the 
filters are rated. 

Two Depths of “L” Frames — The 
“L” frame, two filters deep, is designed to 
hold two Dust-Stop No. 1 filters in each 
cell. The “L” frame, four filters deep,, 
holds four Dust-Stop No. 1 filters in each 
cell. The frame that is four filters deep i& 
identical in every way to the frame two 
filters deep except that the depth of all 
parts is 2 in. more. When specifying “L” 
type frames indicate two-filter or four- 
filter depth. “V” frame is available, four 
1-inch filters deep per cell, only. 

The “L” frame uses 20 x 20 in* 
filters only. The “V” frame uses 20 x 
25 in. filters only. Filters are alwaya 
used two or more in series in each cell. 
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Air System Equipment 


Air Filters 
and Cleaners 


H. J. Somers, Incorporated 

Factory and General Office 

6063 Wabash Avenue Detroit, Mich. 


Somers Washable Air Filter 

Somers Hair Glass Filters provide 
everything required in an efficient air- 
cleaning system. Consider these features: 
High rating for dust, soot and bacteria 
separation. Require no adhesive, coating 
or impregnation. Indestructible in normal 
service. Minimum Low Pressure Drop. 
Odorless and non-absorptive. Fireproof; 
Washable; Do not rot nor disintegrate; 
Permanent. 

Somers Hair Glass Filters consist of a 
hot galvanized frame holding galvanized 
wire cloth packed with hair-spun glass 
strands. The glass strands are flexible, 
do not break up and cannot be drawn 
into air stream. _ 

Hair-Glass, being chemically inert, has 
no facility of absorption; it cannot rust 
and lasts indefinitely in service. Water 
either hot or cold may be used to clean 
it, without impairing its efficiency. 

These filters eliminate the necessity, the expense and the inconvenience of periodic 
replacement. 



All Welded Vee Type 


Somers Washable Air Filter — All Welded Vee Type — Stock Sizes (Partial List) 


Fram« Size 
Height and Length 
In. 

Frame Depth 

In. 

Filter Surface 

Sq In. 

For Average Dry Filter 
Instillations 

CFM 

Wet Application where 
water spr^s are applied 
against mter for hu- 



mU^^g 

151/2 X 241/2 

3% 

1023 

1023 

511 

155/8 X 245/8 


1110 

1110 

555 

16 z 211/2 

816 

816 

408 

16 X 25 


1056 

1056 

528 

16 X 25 

1632 

1632 

816 

16 X 25 

31/4 

1344 

1344 

672 

16 X 25 

31/4 

1440 

1440 

720 

16 X 25 

3?iS 

864 

864 

432 

I6I/2 X 241/2 

31/8 

800 

800 

400 

18 X 18 

3Ji 

864 

864 

432 

19 X 20 

3% 

1482 

1482 

741 

19'/4 X 195/8 

31/4 

1039 

1039 

519 

191/4 X 20 

W} * 

3 

1039 

1039 

519 

3 

936 

1053 

480 

936 

1053 

480 

468 

526 

240 

1914 X 191/2 

m X 

3 

936 

936 

468 

31/4 

1170 

1170 

585 

20 X 25 

3^ 

1800 

1800 

900 

20 X 30 


1800 

1800 

900 

20 X 20 


1040 

1040 

520 

20 x 30 

3 

1560 

1560 

780 

20 X 20 

31/4 

1200 

1200 

600 

20 X 20 

2 

480 

480 

240 

20 X 20 

3 

840 

840 

420 

20 X 20 

3 

960 

960 

480 

20 X 20 

31/4 

1320 

1320 

660 

20 X 25 

31/4 

1560 

1560 

780 

203/8 X 201/4 

3 

550 

550 

275 


other si 2 es from 9M x 30 to and inclusive of 31 in. x23K also available. Send for complete stock size list. 
Frames zinc plated for 100 hour salt water spray test. Refill may be inserted if necessary. 

Quotations and further engineering data, including master holding frame drawings will he sent on request. 
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Air System Equipment 


Air Filters 
and Cleaners 


Staynew Filter Corporation 

Air Filters for Every Purpose 


6 Leighton Ave. 


AUTOMATIC FILTER 

(For Efficiently Filtering Large Volumes of Air 
at Low Cost) 

This latest model Automatic Filter removes dust from 
the air stream by the impingement principle. Two end- 
less, oil-moistened Filter Curtains of special copper mesh 
provide four separate stages of filtration. No other filter 
has the double Filter Curtain feature — double assurance of 
clean air delivery. 

Both Endless Filter Curtains move intermittently at 
predetermined intervals. One Curtain moves through an 
oil reservoir. This Curtain removes most dust particles 
from the -air stream. The second Curtain, running dry 
e.xcept for traces of oil from the first Curtain, removes 
whatever finer dust particles may still be in the air 
stream. 

All excess oil (in which dust particles are trapped), is 
completely removed from both Curtains by a double 
series of low pressure compressed air jets. The air jet 
cleaner feature is another exclusive Staynew development. 

Direction of Curtain travel is an important, exclusive 
feature. Both Endless Curtains travel counter-clockwise 
(air flow from the left). This means that air passes last 
through the cleaned side of each Curtain — that is, the 
final stage of filtration in each Curtain has been cleaned 
either by oil bath, air jets, or both. 



Rochester, N. Y. 



REMOVABLE TOP COVER — 

REMOVAaE AIR 

SEALS < — ^ 

ii* 

MECTK3N OF CURTAll^ 
ROtAriON 

ill 

HOLES FOR DUCT 
CONNECTIONS 

1 If 

COMPRESSED AIR LINES 1 

II 

HWCED COVER ^ 1 

SLUDCJE PAN 

W: 

DRAIN PLUG'‘'''''gS 

y : 


Section View of 
Automatic Filter 


Specifications: 

Two standard widths are built — 2 ft 9 in., and 
4 ft 3 in., in 41 heights from a 4 ft minimum to 
14 ft. Combinations of standard sizes will fit 
almost any required capacity or installation 
space. Special sizes are built to order. 

Motive power for the Endless Curtains is sup- 
plied by a 1/6 hp motor, Telechron-controlled. 
Speed reduction is accomplished through a 
standard reducer. Curtain travel is from 7 to 
30 seconds each 3^ hour, depending on Curtain 
height. Each Curtain makes one complete 
revolution every 24 hours. 

A in. standard fitting is provided at the rear 
of each section for connection to user’s source of 
air supply. Flow of air to Air Jet Cleaners occurs 
simultaneously with Curtain movement and is 
controlled by a Solenoid valve. A pressure 
reducing orifice lowers any conventional air line 
pressure to the required pressure of approx. 1 lb. 


Two Endless 
Curtains 


Atr Jet Cleaners 



Curtains Travel 
Counter-clock- 
wise — Air Flow 
IS Llo R in each 
Diagram 
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Air System Equipment 


Air Filters 
and Cleaners 


Staynew Filter Corporation 


6 Leighton Ave. 


Air Filters for Every Purpose 




Rochester, N, Y. 


PROTEGTOMOTOR DRY-TYPE FILTERS 

(For removing foreign matter from the air with types for building ventilation, 
dust recovery, and all air-cleaning purposes*) 


The Fin or V-type construction is used 
in all Protectomotor Dry Type Filters. 
This basic principle permits: (1) the largest 
possible active filter area in a minimum 
space and (2) air flow parallel to the filter- 
ing surface at low velocity, 

Protectomotor Dry-type Filters require 
no coating of viscous liquid to catch dust — 
odorless, oil-free air is thus assured. 

Authorities agree that the Dry-type 
Filter is most efficient in removing the 
smaller air-borne particles. Protecto- 
motor Dry-type Filters actually prevent 
the passage of certain bacteria. 


Easy to Glean — Long Lasting 

An outstanding advantage of the Dry- 
type Filter is its ease of cleaning. This is 
accomplished with the panels in place by 
means of a vacuum cleaner or jet of com- 
pressed air. No cleaning or charging tanks 
are required. 

Due to exceptionally large filter areas 
and low air velocities, these filters operate 
for long periods without cleaning. Even 
if neglected, their effectiveness in the 
prevention of the passage of dust is not 
lessened — the only effect is increased 
pressure drop. 

Staynew Panel and Wire-Klad Filters 
last several years at least without service 
other than cleaning — Multi-V-Type Filt- 
ers slightly less. 








I'P'i 


\ 

V 


Cross Section 
of 2 MuU>V- 
Tyi>e Cells tn 
V Formation 


Cross Section Showing 
Panel Untt Construction 




Outlet Side of Panel Unit 


Cleaning Nozzle 



Panel Filters 

Consist of Panel Insert and Frame. The 
Insert is composed of two rows of 30 fins 
each, 6 in. deep, formed of rust-resisting 
embossed wire mesh, covered by a single 
piece of Feltex Filtering Medium, a felt- 
like ^ material specially made for this 
application. Fins are supported by steel 
retaining grates. Specifications below. 


Overall Dimensions (Depth less locking keys) - 

20 X 20 x 7 in. 

Size of Insert 19 M x 1934 x 6K in. 

Capacity up to 800 cfm 

Area of Filtering Medium A2 sq ft 

Linear velocity of air 19 fpm 

Resistance of clean filter to air flow 0.2 in. wg 

Total Weight 33 lb 
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Air Filters 
and Cleaners 


Staynew Filter Corporation 

Air Filters for Every Purpose 


6 Leighton Ave. 


Rochester, N. Y. 


Wire-Klad Filters 

Unique methods of construction permit a 
high efficiency filter at low cost. Fins are 
reinforced on both sides with rust-resisting 
screen cloth, producing a rigid, long-wearing, 
flame-resistant filter that withstands repeated 
cleaning exceptionally well. Not only are 
standard units highly flame resistant, but 
when furnished with Bonded Glass medium, 
Wire-Klad Filters are approved by the National 
Board of Fire Underwriters under Class 1 
rating. 

The Wire-Kladding feature is 
not found in any other filter. It 
is an exclusive Staynew develop- 
ment. 

Replacement cost is low. Fin- 
ned element only need be re- 
placed, and is easily removed 
from its retaining case. 

Specifications Given Below. 

Note Data Regarding various 
Filter media. 





Overall Dimensions 

Inches 

Filtering Area 

Square Feet 

Overall Dimensions 
Inches 

Filtering Area 

Square Feet 

2 X 15x20 

13.8 

4x15x20 

20.1 

2 X 1 6 X 20 

14.8 

4x16x20 

21.4 

2 X 20 X 20 

18.5 

4 X 20 X 20 

26.5 

2 X 25 X 20 

23.0 

4 X 25 X 20 

33.5 


The 2 in. deep unit is supplied with our glass media. Other filter media can be 
No. 6460 woven material or our B-G supplied when conditions warrant. Initial 
(bonded glass) media. The 4 in. deep unit resistance depends on medium used, 
with No. 6460, 10 oz all wool, or bonded Performance Curves on application. 



Multi- V-T 5 rpe Filters 
Filtering medium (closely pressed cotton fibres 
between two sheets of cotton gauze) is arranged 
in patented V-shaped pockets in a fibre-board 
and pressed metal frame. These patented cells 
can be quickly and inexpensively replaced when 
worn out. Their arrangement makes possible an 
active filtering surface of 27 times face area. 
This type filter permits a highly efficient filter 
installation at an extremely low cost. It is 
made in 1 and 2 in. depths and in a wide variety 
of heights and widths. ( Protectovent Window 
Ventilator, which supplies clean, fresh air to 
home or office, employs Multi-V-Type inserts.) 
Complete specifications mailed promptly on request. 

Write for Catalog Mentioning Special Interests 


PROTECTOMOTORS ALSO MADE FOR INTERNAL COMBUSTION ENGINES, 
COMPRESSORS, TURBO- GENERATORS, AIR TRANSMISSION LINES, ETC, 
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Air System Equipment 


Air Filters 
and Cleaners 


Westinghouse Electric & Manufacturing Co. 

Edgewater Park Precipitron Department Cleveland, Ohio 

THE PRECIPITRON* 

First Commercially Practical Electrostatic Air Cleaner 

The Westinghouse PRECIPITRON is the first commercially practical electrostatic 
method of removing dirt, dust and other air-borne impurities in ventilating and air 
conditioning systems. The PRECIPITRON— being more efficient than mechanical filters 
— removes microscopic foreign matter as small as 1/250,000 of an inch in diameter — 
even freeing the air of tobacco smoke. *Tracie-mark Registered in U.S.A. 



(1) cells; (£) Power Pack. 

The PRECIPITRON provides a com- ditioning system are textile mills, tele- 
plete answer to mass air cleaning jobs in all phone exchanges, hospital operating rooms 
Commercial, Industrial, and Public Build- and commercial and public buildings, 
ings using forced ventilation or air con- Sizes— The PRECIPITRON is avail- 

ditioning duct systems, able, complete for installation, to accommo- 

Applications— Us^ m industry and date from 300 cfm (for a single 18 in. cell) 
production work. PRECIPITRON is to any desired volume through multiple 
serving many manufacturing processes in QeU arrangements. Cells come in two 
blackout, air-conditioned plants. Removal sizes— 18 in. x 8^ in. x 23 in. and 36 in. x 

of smoke and welding fumes makes possi- sVs in. x 23^ in. For a 90 per cent 

ble a considerable reduction in fresh air re- efficiency, the 18 in. and 36 in. cells are 

quirements with consequent savings in rated at 300 and 600 cfm respectively, 
cooling and heating costs. cent efficiency, ratings are 375 

power plants PRE- ^nd 750 cfm. Two sizes of Power Packs: 
CIPITRON IS cleaning the ventilating Type S for installation up to 12 36-in. cells 

air for rotating electrical machinery ^nd Type L for 12 to 50 36-in. cells. 

Precision tools, dies and gauges are stored .j ^ ^ . 

in spaces supplied with PRECIPITRON efficient than me- 

cleaned air to protect them from abrasive chanical filters. Safe. Easily installed. Norl- 
and corrosive dust or dirt. Optical instru- clogging, ^d non-varying resistance. Easily 

ments such as bomb sights, binoculars and cleaned. Passed by Underwriters Labora- 

telescopes are being assembled and main- tones on standard flame tests for fire haz- 

tained to a higher degree of precision with duct inctallation. Once each month 

electrostatically cleaned air. PRECIPI- accumulated dirt is washed away. 

TRON cleaned air is being supplied to Information — Westinghouse will 

paint spray booths, air cooled radio trans- gladly provide complete information about 

mitters, food and drug processing and the PRECIPITRON. Address your 

packaging areas and for the processing and requests to Section G, Precipitron De- 

molding of plastic materials. Other fields partment, Westinghouse Electric & Manu- 
in which the PRECIPITRON is a proved facturing Company, Edgewater Park, 
component of the ventilating or air con- Cleveland, Ohio. 
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Air System Equipment 


Cleaning 

Materials 


Oakite Products, Inc. 

General Offices: 36 E. Thames St., New York, N. Y. 


OAKITE 


MATERIALS . . . METHODS . . . SERVICE 


CLEANING 


Established 1909 

Representatives in all Principal Cities of the United States and Canada 


Specialized 
Slime Control in 
Re-circulating Systems. 
Cleaning Air Filters, 

Lube Oil Coolers, 

Heat Exchange Equipment. 


Materials for: 

De-Scaling 

Condensers, Compressors, 
Jacket Water Coolers, 
Diesel and Gas Engine 
Cooling Systems. 


OAKITE 


Controlling Slime Growths 

Control of bacteria and slime growths 
in re-circulating water supplies is in- 
expensively established with Oakite Aire- 
finer. A dry, non-volatile, white powder, 
completely soluble, it prevents formation 
of slime accumulations and their unpleasant 
odors. Economical to use . . , one lb to 
each 300 gallons of water usually recom- 
mended. 

Prevents Equipment 
Corrosion 

Oakite Airefiner prevents 
corrosion of eliminators, air 
washing chambers, spray 
heads, etc., because it main- 
tains water at a point suf- 
ficiently alkaline to count- 
eract the tendency of the 
water to become acidified. 

In addition, it gives wash 
waters greater wetting-out 
action, thus making dirt 
removal more complete. 

Water lines are also kept 
free of scale. 

Cleaning Air Filters 

For cleaning viscous type filters, hot or 
cold solutions of recommended Oakite 
material may be used. Short immersion 
of filter, followed by rinse, thoroughly 
removes dust, dirt, soot, lint and pollen 
without injuring filtering medium or frame 
metal. Steam cleaning methods also 
available. Full filtering capacity is eco- 
nomically restored. 

FREE 16-page booklet gives details. 


De- Scaling Equipment 
Safely, at Low Cost 

When water scale and 
rust deposits form in jacket 
water coolers, ammonia con- 
densers, air or gas compres- 
sors or other water-cooled 
equipment . . . heat transfer 
is reduced, operating effici- 
ency impaired. These in- 
sulating deposits may be 
safely, effectively removed 
simply by soaking with or 
circulating recommended 
solution of Oakite Com- 
pound No. 32. Does not 
harm base metal. Method 
is economical, thorough. 

New Free Booklet Gives Details 

New 20-page booklet gives successful 
formulas and directions for a wide range of 
other work such as safely de-scaling and 
cleaning Diesel and gasoline engine cooling 
systems, lube oil coolers and heat exchange 
equipment of all types. Write for YOUR 
copy today! 

Nation-Wide Service 

Because Oakite cleaning materials are 
backed by a binding GUARANTEE and 
supplied through a Nation-Wide organiza- 
tion of Service Representatives throughly 
experienced in their application, users are 
assured of obtaining the economies and 
advantages they provide to effectively 
promote maximum performance of air 
conditioning, mechanical refrigerating or 
other equipment. 



Free Booklet 
Gives Details 



Free Booklet 






Air System Equipment 


Humidifying 

Units 


Atlanta, Ga. 
Boston, Mass. 


American Moistening Company 


Establisebd 1888 

Providence, R. I. 


Chaelottb, N. C. 
Greenville, S. C. 



UNIT HUMIDIFYING AND AIR CONDITIONING EQUIPMENT 


A few of many AMGO products with a Long Record of Dependable Performance 


Sectional Humidifiers. 

Amtex Humidifiers. 

Hand Sprayers. 

Mine Sprays. 

Fabric and Paper Dampeners. 


Mechanical Psychrometers. 
Electro Psychrometers. 
Sling Psychrometers. 
Hygrometers. 


The Amco line of devices for the supply, maintenance and control of humidity is com- 
plete in its ability to meet any presented problem of applied humidification. Used 
independently or as an adjunct to Central Station equipment, these devices auto- 
matically maintain any required humidity condition in a capable uniform performance. 



IDEAL HUMIDIFIERS— Senior Type 

A high capacity unit for use where conditions require a 
great amount and good distribution of moisture. Motor 
driven fan gives wide distribution of atomized spray. 
Amco heads serve the triple purpose of humidifying, air 
washing and cooling. 

IDEAL HUMIDIFIERS— Junior Type 

Similar in construction to Senior Type. Used where 
medium capacities are requirede 



AMCO ATOMIZER— No. 4 

Quality and quantity of spray are maintained even under 
adverse conditions because this atomizer is automatically 
self-cleaning. When the compressed air supply is shut off, 
either manually or in response to a humidity control, both 
air and water nozzles are thoroughly cleaned. 



AMCO HUMIDITY CONTROLS 
Compressed Air Operated 

An extremely accurate and active device operated by 
compressed air which assures a regulation of humidity 
within exceedingly close ranges. 


AMCO HUMIDITY CONTROL 
Electrically Operated 

Similar in principle to the Compressed Air Type except 
that the hydroscopic element operates electrical contacts 
which control the units. 
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Air System Equipment • cooUng 


April Showers Company 

4126 Eighth Street, N. W. Washington, D. C. 



(Trade Mark Reg. U. S. Pat. Office) 


AUTOMATIC EVAPORATIVE ROOF COOLING 

FIRE PREVENTION (from external sources) SYSTEM 
AN EFFECTIVE WATER INSULATOR for all KINDS of ROOFS 

Distributors and Dealers in Principal Cities 


• Solar radiation is converted to cooling 
effect, reducing normal heat transmis- 
sion 70 per cent upward. Entire roof 
surface temperature is normally held at 
wet bulb temperature when evaporative 
factors are favorable. Transmission of 
solar heat through glass skylights is 
reduced as much as 85 per cent. 

• Fire Prevention from external sources 
is obtained through installation of 
manual emergency switch. Roof is 
quickly and completely sprinkled at will, 
putting out fire-brands, sparks, embers, 
and maintaining a water covered roof. 

• For Cooling Automatically upper 
level, floors, lofts, rooms of buildings. 
For giant stores, theatres, amusement 
palaces, stadiums. APRIL SHOWERS 
is self operating by use of an electric 
thermal control placed upon the surface 
of the roof in the SUN. Evaporative 
cooling effect of liquid applied turns sys- 
tem off. Operating cycles repeat as roof 
temperature calls for cooling. Water 


may be used from city mains, wells, or 
w'aste vrater from condenser units. 

• High Temperature in lofts, attics, 
space below roof, or roofing materials is 
abolished. Roofs of built-up compo- 
sition, waterproofed with pitch, will 
remain firm and intact. LIFE of roof is 
lengthened; disintegration lessened; ex- 
pansion and contraction which destroys 
is completely eliminated. 

•Literature Available. Lists of instal- 
lations in groups, residences, factories, 
theatres and amusement places, stores, 
apartments and hotels. Also circulars: 
General Description 1940, Residence 
circular 1941, Industrial Circular 1942. 
Literature giving engineering data, flow 
charts, testimonial letters, water con- 
sumption figures may be had without 
charge. 

• Water consumption can be adjusted to 
approximately twenty gallons per day 
for 1,000 sq ft. 



Hundreds of installations, from Boston to Los Angeles have been made. Write for 
information and address of nearest distributor. 

Inquiries ivill be promptly answered. Estimates free upon request. 
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Air System Equipment • rSSi?/ 


The Marley Company 

(Fairfax and Marley Roads,) Kansas City, Kansas 

Branches or Agents in Principal Cities 

Spray Nozzles and a Complete Line of Water Cooling Equipment 



MARLEY NATURAL 
DRAFT TOWERS 

Practically unlimited 
range of closely graduated 
sizes, entirely shop fabri- 
cated. Minimum initial, 
maintenance and opera- 
ting costs. Many exclusive 
MARLEY advantages. 
Bulletins 201 and 202. 



SMALL INDUCED 
DRAFT TOWERS 

Small, self - contained, 
steel units for 2 to 170 ton 
service, to go indoors or 
out. Smaller sizes (hori- 
zontal air flow) shipped 
all assembled, larger ones 
(vertical air flow) all shop 
fabricated for fast, easy 
assembly at location. 
Bulletins 503 and 505. 



MARLEY Ice- difying Nozzle adds 
MARLEY Smalt S-Ptece Noz- Melting Nozzle for moisture to air in 
zles for Brine Spraying, Air cooling systems open rooms or duct 
Washing and Similar uses. using ice. system. 

Also Water Cooling Nozzles for Cooling Towers, Spray Ponds, etc. 

MARLEY PATENTED NON-CLOG SPRAY NOZZLES 
Made in scores of types and sizes. Practically any metal 
or alloy the purpose may demand. Bulletins 101 and 102. 



LARGE MARLEY MECHANICAL DRAFT TOWERS 

Both Forced and Induced Draft Towers, for heavy duty 
water cooling services of all kinds. Any capacity, with one 
fan or many, individually engineered to the exact require- 
ments of each installation. MARLEY patents cover a 
variety of important features for extreme operating flexi- 
bility, high efficiency and economy. 

Redwood or Steel are standard materials, Transite and 
other materials on special order. 

“Double-Flow” Induced Draft (below left) for largest 
capacities. Bulletin 602. 

“Standard” Induced Draft (above) for usual large- 
capacity service. Bulletin 601. 

Forced Draft (below right) for suitable applications in 
large-capacity service. Bulletin 600. 



Also Many Other Types of Towers, Spray Ponds and Related Equipment 


936 




Air System Equipment • Spray Nozzles 


Jos. A. Martocello & Company 

229-31 North 13th Street, Philadelphia, Pa. 

ATOMIZING SPRAY NOZZLES 



Nozzles illustrated above are made in Brass Forging and machined brass bar 
stock. Cast Red Brass Nozzles in 1 in. to 2 in. pipe sizes also available. All 
sizes carried in stock for prompt shipment. 


Satisfaction Guaranteed 
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Air System Equipment 


Heat Transfer 
• Surfaces 
Condensers 


Acme Industries 

Jackson Michigan 

Offices in 30 Principal Cities 



EVAPORATIVE CONDENSERS 


Combine desirable features of cooling 
tower or spray pond and the water-cooled 
condenser. Heavy galvanized iron casing 
with bitumastic rust resisting paint coating 
inside. Rests on heavy sheet steel base. 
11 Models — capacities up to 100 tons. 

Ask for Catalog No 57 



FLOODED SHELL AND TUBE COOLER 


Constructed so that the water passes 
through the tubes surrounded by the re- 
frigerant contained in the shell. Plain or 
insulated types. Cleanable tubes and 
heads. Designed for cooling drinking 
water, and processing or ingredient waters. 

Ask for Catalog No. 29 



DRY-EX WATER CHILLERS 


Water chillers that are especially designed 
for recirculating systems — air conditioning 
of indirect type, processing, etc. Refrig- 
erant in tubes — no bends; controlled water 
velocity; small refrigerant charge. 

Ask for Catalog No. 30 

ACME ALSO MANUFACTURES: 



AMMONIA CONDENSERS 
FREON CONDENSERS 


For use with Ammonia, Freon, Sulphur 
Dioxide or Methyl Chloride. Tailor-made 
to order to meet varying water tempera- 
tures available and condensing temperature 
desired. Sizes range from fractional tons 
up. 

For Ammonia — Ask for Catalog No. 21 
For Freon — Ask for Catalogs Nos. 23 and 24 


AIR CONDITIONING COILS 

Air Conditioning Coils. Direct-expansion 
and water-cooled types. Aluminum plate 
fins on copper tubing. 

Ask for Catalog No 34 



ACME HEAT INTERCHANGERS 

For use with Freon, Methyl Chloride and 
other refrigerants. Sizes suitable for use 
with varying imposed loads, refrigerant 
liquids, and gas temperatures. 


Ask for Catalog No. 12 

Oil Separators, Pipe Coils, Liquid 
Receivers, Accumulators, Specialties. Ask for Catalogs. 

Yott don't have to choose between quality and price — BUY ACME 
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Air System Equipment 


Heat Transfer 
Surface 


/tenoFiN CoRpaa/tTiON 

410 So. Geddes Street 

SsTacuse, N. Y. 

Aerofin 

Standardized Light-weight Heat Exchange Surface 
Branch Offices 

CLEVELAND. CHICAGO, NEW YORK, PHILADELPHIA, DETROIT, DALLAS, TORONTO 


Aerofin is the modern Standardized 
Light-Weight Encased Fan System Heat- 
ing and Cooling Surface originated by Fan 
Engineers to meet the present and future 
requirements of this highly specialized 
field. All Standard Aerofin Units are 
furnished as completely encased Units, 
ready for pipe and duct connections. The 
patented casings are built of pressed steel 
and are exceptionally strong and rigid, 
protecting the Unit from all the strains of 
pipe connections and expansion or con- 
traction in service. The casings are flanged 
on both faces, top and bottom, and tem- 
plate punched for bolting together adjacent 
Units, or for duct connection. 



Aerofin Non-freeze heater (Fig. 1) is 
non-freeze, non-stratifying spiral fin coil 
built into casing for air conditioning units 
or for installing in ducts. May be installed 
horizontally or vertically. LFsed on any 
two-pipe steam system for preheating or re- 
heating. Modulating control on preheaters. 

Available in 13 lengths and 3 widths, 
from net face area of 2.76 sq ft to 26.28 
sq ft. 

Tubing 1 in. O.D. Innertube in. O.D. 

Headers-“Cast Brass. 

Fins — spiral turned copper. 



Fig. s 


Flexitube Aerofin (Fig. 2) is distin- 
guished from all other developments by its 
off-set tubes, so arranged as to absorb all 
expansion and contraction strains. 

Headers — Cast bronze or aluminum. 

Tubing — ^ in. O.D. copper, admiralty 
or aluminum. 

J oints — Where admiralty or copper tubes 
are used together with bronze headers 
tubes are brazed to headers using Mueller 
patented joint. Where both aluminum 
tubes and headers are used tubing is 
welded to headers. 

Casings — Copper, aluminum or galvan- 
ized iron. 

Design — Constructed with headers on 
opposite ends making possible installation 
of units with tubes horizontal or vertical. 



Fig S 


Universal Aerofin (Fig. 3) is distin- 
guished by its “S” bend construction of 
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Aerofin Corporation 


Air System Equipment 


Heat Transfer 
Surface 


tubing, units designed with steel headers 
on opposite ends, the ends of the “S” 
bends being connected thereto by com- 
pression nuts, the bends taking care of the 
expansion and contraction of the tubing. 

Recommended where close control is 
desired. 

Headers — Pressed steel. 

Tubing — 1 in. O.D. Copper, admiralty 
or aluminum. 

Casings — Copper, aluminum or galvan- 
ized iron. 



Fig. 4 


High Pressure Aerofin (Fig. 4) is of 
continuous tube design, being recommend- 
ed where extremely high pressures of steam 
are used. 

Headers — Pressed steel. 

Tubing — 1 in. O.D. Copper, aluminum 
or admiralty. 

Casings — Copper, aluminum or gal- 
vanized iron. 



Fig. 5 


Booster Aerofin — straight tube type, 
single pass construction for pressures from 
1 to 200 lb gauge. 

Headers — cast bronze. 

Tubing — 5^ in. O.D. copper. 


Casings — copper, aluminum or gal- 
vanized iron. Recommended where small 
coils are needed or to raise the air tem- 
peratures in branch ducts. 



Ftg. 6 


Narrow Width Aerofin: (Fig. 6) 
recommended for water cooling or for 
flooded Freon systems. Made in straight 
tubes only with headers on opposite ends, 
joints between headers and tubing being 
brazed. Construction similar to Flexitube 
Aerofin. 



Fig 7 


Aerofin Continuous Tube Water 
Coils (Fig. 7) are designed for air cooling 
by circulating cold water through the 
Ajerofin and air over extended fin surface. 
Made for either horizontal or vertical 
air flow. 

^ Tubes and fins are copper, completely 
tinned with permanent metallic bond 
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Aerofin Corporation 


Air System Equipment 


Heat Transfer 
Surface 


between fin and tubes. Headers are made 
of one-piece cast bronze and casings of 
heavy galvanized iron or copper. 

Units tested to 1000 lb hydrostatic 
pressure. 



Fig 8 


Aerofin Gleanable Tube Units (Fig. 
8) for cooling only and all made with 
headers removable to permit cleaning out 
tubes. Recommended for use where sedi- 
ment or scale forming chemicals are 
present in the cooling water. 

Headers — Cast iron. 

Tubing — Copper or admiralty. 

Casings — Copper or galvanized iron. 



Fig. 9 

End plate removed showing distributing 
and suction headers. 


Aerofin Direct Expansion Units: 
(Fig. 9) Row Control Type — Recom- 
mended for use where cutting on or off 
rows of tubes in direction of air flow is 
desired. Suitable for use with Freon or 
Methyl-Chloride. 



Fig. 10 

Aerofin Direct Expansion Units: 
(Fig. 10) Centrifugal Header Type — Re- 
commended where control of rows in 
direction of air flow is not required. 

Advantages: Weighs but 9 to 16 per 
cent of same equivalent cast iron surface 
and occupies one-third of the space. 
Eliminates expensive foundations and 
building re-inforcement. Can be suspended 
from roof beams or trusses if necessary. 

Aerofin Sizes 

Flexitube: 13 standard lengths, three 
widths, one and two rows deep. 

Narrow; same as Flexitube. 

Universal: 17 standard lengths, two 
widths, one and two rows deep. 

ContinuousTube ; 13 standard lengths, 
three widths, 2-3-4-5 and 6 rows deep. 

Gleanable Tube : 17 standard lengths, 
one width, 2 and 4 rows deep. 

Direct Expansion: Row Control — 11 
standard lengths, 3 widths, 1-2-3 rows 
deep. Face Control — 11 standard lengths, 
3 widths, 2-3-4-5-6 rows deep. Centrifugal 
Header — 1 1 standard lengths, three widths, 
2-3-4-5-6 rows deep. 

Steel Supporting Legs: 18 in. and 
24 in. high. Punched same bolt hole 
centers as standard casings. Quickly 
attached. No other foundation required. 

Sale: Aerofin is sold only by manu- 
facturers of nationally advertised Fan 
System Apparatus. List upon request. 

Write Syracuse for Heating Bulletin 
G-32; Direct Expansion Bulletin DE-34 
on refrigeration type units; Continuous 
Tube Bulletin C. T. 34 for Water Cooling 
Coils; or phamplet on Cleanable Type 
Aerofin for cooling. 
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Atr System Equipment 


Heat Transfer 
Surface 


The G & O Manufacturing Company 

138 Winchester Avenue New Haven, Connecticut 

G^O 

SQUARE FIN TUBING 

STRAIGHT lengths— U-BENDS— CONTINUOUS COILS 


RADIATING ELEMENTS FOR ALL HEAT TRANSFER PURPOSES 

G&O Finned Radiation Coils for industrial applications are available in a wide range 
of sizes. 




Standard No 10 


Send for Catalog and Price List 


THE use of INDIVIDUAL fins results in high efficiency in heat transfer from 
primary tube surface to secondary fin surface 

Fins of any size or shape may be obtained giving any desired proportion of primary 
and secondary surface. 

A square fin has about 30 per cent greater surface than a round fin of a diameter 
equal to one side of the square. 

Individual fins permit of any fin spacing; also, of using fins in groups at intervals 
along tubes. 



A — Generous Fin Collar provides large 
contact area between Tube and Fin. 

B — Tube expanded against Fin Collar; 
insures mechanically tight joint, made 
permanent by bond of high tempera- 
ture alloy — complete thermal contact. 

C — Free air-flow passages; non-clogging. 


STANDARD SIZES 


O.D. 
of Tube 

Fin 

Size 

Fin 

Spacing 

a 

Surface 

Linear 

Foot 

w 


6 

0.80 sq. ft. 

w 

VfTr’d. 

6 

0.60 sq. ft. 

w 

IVe" r’d. 

6 

0.87 sq, ft. 


Wz" rU 

6 

1.55 sq. ft 

w 

lys'^sq. 

6 

2.40 sq. ft. 

V 

2^8'^ «q. 

6 

4.00 sq. ft. 

IVs" 


4 

2.33 sq. ft. 
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Air System Equipment 


Refriger&iing 

Machinery 


Baker Ice Machine Co., Inc. 

Omaha, Nebr. 

MANUFACTURERS OF INDUSTRIAL AND COMMERCIAL 
REFRIGERATION AND AIR CONDITIONING 

Sales and Service in Principal Cities Gable Address: BAKERIGE 

AUTHORITY ON MECHANICAL COOLING FOR 35 YEARS 


Precision manufactured and designed for maximum service and economy, Baker equip- 
ment is world-famous for its high quality and dependable performance. Important 
compressor features include: full force feed lubrication, honed cylinders, double trunk 
type pistons, Timken roller bearings. Write for specifications and descriptive literature. 

BAKER “FREON-12” AIR CONDITIONING UNITS 


Small Con- 
densing Units 
Complete line of 
self-contained, 
automatic units. 
From 34 hp to 
15 hp capacity. 
2-and 4-cylinder 
types. Air- or 
water-cooled. 

Large 
Condens- 
ing Units 
Available 
in 6 models, 
20 to 60 hp 
inclusive, 4- 
cylinder, 
self-con- 
tained, 
automatic 
units. Shell and tube condenser-receiver. 
Pressure lubrication from gear type pump. 



Dual Condensing Units 
Designed especially for variable load re- 
quirements. Dual 4-cylinder type water- 
cooled unit. Automatic capacity control. 
Shell and tube type condenser. 


Compressors 

4-cylinder type, avail- 
able in sizes from 10 hp 
to 60 hp. Semi-steel 
cylinders and pistons. 
Counter - balanced 
crankshaft, precision 
ground. Nickelite con- 
necting rod bearings. 

Compressor 
Units 

Arranged for use 
with evaporative 
type condenser 
or water cooling 
tower. Sizes 
range from 2 to 
60 hp. 2- and 
4-cylinder types. 
Automatic controls. 



Dual Compressor Units 
for Capacity Control 

19 different models, 10 hp to 120 hp in- 
clusive. Two separate 4-cylinder com- 
pressors, automatic controls, independent 
motors and pressure lubrication. For use 
with separately mounted shell and tube 
or evaporative condenser. 






Baker Shell and Tube Condensers and Liquid Coolers 

( 1 to 250 tons capacity) 

Horizontal multipass or vertical shell and tube con- 
struction, Complete range of sizes up to 2500 sq ft of 
cooling surface in single shells. Code welded, seamless 
steel or hard copper tubes. Easily cleaned. 
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Air System Equipment • 


BRUNNER MANUFACTURING COMPANY 


UTICA, N. Y., U. S. A. 




COMMERCIAL 

REFRIGERATION 


The Brunner Line of Refrigeration 
Equipment includes Air Conditioning 
models up to and including 25 hp for all 
types of high temperature applications 
within their capacity, using either “Freon- 
12” or Methyl Chloride as refrigerant. 


BRUNNER DEPENDABILITY is based on time-proven features of design and manu- 
facture ... all parts are precision machined with extremely close tolerances . . . bronze 
bearings throughout . . . extra large fin surface on cylinders and heads . . . bellows seal . . . 
silent eccentric drive (except on 20 hp and 25 hp models, which employ crankshaft) . . . 
suction and discharge valves in “all-in-one” plate assembly . . . heavy-duty motor wdth 
high starting torque . . . adjustable motor base . . . multiple V-belt drive. Throughout, 
Brunner Refrigeration Units are geared to the demands of heavy-duty service. 


SPECIFICATIONS 

CAPACITIES 

Air Conditioning Units 
Based on 76° P Water 
Temperature 
“Preon-12” Refrigerant 

DIMENSIONS 

Model No. 

H. P. 

Cyls. 

Bore and 
Stroke 

R.P.M, 

B.T.U. per Hr. 40° 
Evap. Temp. 

L. W. H. 

w 

300-FH 

3 

4 

3Hx2l4 

260 

38547 

50^^ 24" 28?4" 

w 

500-FH 

5 

4 

3^x214 

420 

62270 

50" 24" 28%" 

w 

750-FH 

7^2 

4 

4^x3 

260 

91526 

71" 29H" 38V4" 

w 

lOOO-FH 

10 

4 

4V4X3 

350 

123211 

71" 291 / 2 " 38 V 2 " 

w 

1500-FH 

15 

4 

414 X 3 

525 

184815 

71" 29V4" 381^" 

W20000-FH 

20 

4 

44 X 5 

435 

255046 

73" 33H" 4854" 

'W25000-FH 

25 

4 

414 X 5 

540 

316652 

73" 33H" 48%" 


Additional air and water cooled models from H h. p. for commercial and industrial applications. 


The Brunner Field Sales Organization is available in all parts of the country, backed 
by outstanding achievements in engineering, and adoption of modern methods and design 
of air conditioning equipment. 

Installation of Brunner refrigerating units is insurance of the finest quality materials and 
workmanship — plus the highest efficiency possible in modern design and manufacture. 

FREE... COMPLETE ILLUSTRATED CATALOG 

with large section devoted to ways of selecting the proper units for any application. 
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Air System Equipment 


Redrrgerafing 

Machinery 


Curtis Refrigerating Machine Division 

of Curtis Manufacturing Company 

1959 Kienlen Ave., St. Louis, Mo., U. S. A. 

Established 181 ^ 


93 Condensing Units 
from 1/6 to 50 hp 



Unit Coolers and 
Evaporator Coils 


PRODUCTS: Refrigerating Machinery; Forced Draft Cooling Units; Cooling 
Coils, Condensers, Shell and Tube Coolers, Valves, Fittings and Accessories, 
Complete Refrigerating Equipment for Dairies, Creameries, Ice Cream Cabi- 
nets, Ice Cream Making Plants, Gold Storage Locker Systems, Walk-in Coolers, 
Drinking Water Systems, Commercial and Low Temperature Cooling, Pro- 
cessing and Air Conditioning Installation, Packaged and Remote Types. 



Vfi to }4 hp Self-Contained 
Condensing Unit. 



Commercial Refrigeration 

45 air cooled condensing 
units from to 5 hp, 
inclusive, and 48 water 
cooled units from H to 
50 hp, inclusive. All 
models available for either 
Freon (F-12) or Methyl 
Chloride. ^ Mechanical ad- 
vantages include Timken 
Bearings, Centro-Ring 
Positive Pressure lubri- 
cation. 

Special models are avail- 
able for ice cream, frozen 
food cabinets and for the 
dairy industry. 


hp Air Cooled Condensing Unit. 
Other sizes from H to 6 hp. 



0 hp Water Cooled (Counlerfloiv) 
Condensing Unit. Other sizes from 
Htof) hp. 



7)^-1 0-15 ton Remote or Central 
Type Air Conditioner. 


Saturated Air 
Condenser 

For condensing refrigerant 
vapors economically and 
efficiently. Saves approxi- 
mately 95 per cent water 
cost. Used for air con- 
ditioning or commercial 
refrigeration installations 
up to 5 ton Capacity, 

Air Conditioning 

For stores, offices and all 
types of commercial es- 
tablishments Curtis offers 
complete packaged, re- 
frigerated air conditioning 
units, requiring only water 
and electrical connections 
to install. Cools, dehu- 
midifies, circulates and 
filters the air. Eliminates 
costly installation ex- 
pense. Adaptable for 
heating. 



15 hp Cleanable Shell and Tube 
Condensing Unit. Other sizes 
from S to 30 hp. 




3 and B ton Packaged Type Air 
Conditioner 
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Air System Equipment • 


Albany 

Atlanta 

Baltimore 

Boston 

Buffalo 

Charlotte 

Chicago 

Cincinnati 

Dallas 

Detroit 


Frick Company 

(Incorporated) 

Air Conditioning, Refrigerating 
and Ice- Making Equipment 

Waynesboro, Penna. 

Distributors in 150 Principal Cities 


AIR CONDITIONING 




Kansas City 
Los Angeles 
Memphis 
New Orleans 
New York 
Oklahoma City 
Palatka 
Philadelphia 
Pittsburgh 
St. Louis 
Seattle 


AMMONIA REFRIGERATION 


We furnish complete air conditioning sys- 
tems as well as refrigerating machinery for 
use with equipment supplied by others. 

More than a thou- 
sand installations 
attest the value of 
the various Frick 
systems of air con- 
ditioning, some of 
which are patented, 
and of those made 
under the patents of 
the Auditorium 
Conditioning Corp. 
Ask for Bulletin 
505, describing the 
five principal kinds 
of systems; also 
Bulletin 504, illus- 
trating typical jobs. 
Estimates cheer- 
fully furnished by Frick Branch Offices 
and Distributors throughout the world. 



Frick Unit Air Conditioners, 
buQit in two sizes, are part of 
the complete line of Frvk Air 
Condtiioning Equipment 


FRICK FREON-12 REFRIGERATION 

Includes a 
complete 
line of 
enclosed 
type 
Freon-12 
c o m - 

pressors. Frick Freon~lB Compressors of 760 tons 
T a r <r A capacity air condition the new War Dept. 

« ^ c Building in Wa^ington. 

capacity, 

ample gas passages, pressure lubrication 
from internal pump, patented FLEXO- 
SEAL at shaft. Coils, coolers, condensers 
and controls for Freon- 12 systems. 
Bulletin 508. 




Machines 
in all ca- 
pacities 
from 3^ ton 
up. Com- 
bined units 
and vertical 
enclosed 
type com- 
pressors ; 
complete 
high and 
low sides. Widely used for air condition- 
ing, with material savings in power. The 
Philcade and Philtower buildings in Tulsa, 
Okla., using 1000 tons of refrigeration, are 
typical of the many air conditioned with 
Frick ammonia systems — with entire satis- 
faction. Bulletins No. 104 to 700. 


7 he Fondren Library, at Dallas, is air 
conditioned with Frick Ammonia 
Refrigeration. 


LOW PRESSURE REFRIGERATION 
Commercial units in 
more than 50 sizes 
and types, with 
motors of to 60 
hp. Charged with 
Freon- 12 or methyl 
chloride. Air and 
water cooled conden- 
sers. Finned coils, 
fan and blower units, 
"Edipse'^ Compressor: ^ir condkioners. 
s, I or 6 Cylinders. Bulletins 97 to 100. 


SERVICES 

Offered to the industry include surveys, 
recommendations, literature, estimates, 
sales, manufacturing, installation, test and 
maintenance. 







Air System Equipment 


Refrigera. ting 
Machinery 


Mario Coil Co. 

6135 Manchester Ave., St. Louis, Mo. 

Manufacturers of Heat Transfer Equipment 

Brine Spray Units — Unit Coolers — ^Evaporative Condensers — Low Tem- 
perature Units — Air Conditioning Units — Heating and Cooling Coils. 



Evaporative 

Condenser 

A combination forced- 
draft Cooling Tower and 
Condenser for indoor or 
outdoor installations. 
Exclusive Mario features 
are “Unidrive”, pump- 
blower motor; all prime 
surface coils; internal 
surface covered 
with corrosion 
resistant mastic; 
frame electric 
welded and gal- 
vanized after 
fabrication. See 
Bulletin No. 404. 

Brine Spray Units 
Specially designed to 
maintain temperature 
below freezing, and yet 
eliminate all defrosting 
problems. Write for 
Bulletin No. 403. 



Unit Coolers 
In this new model, air is 
pulled instead of forced 
through coils, thus utiliz- 
ing complete coil surface 
and obtaining greater 
efficiency. Available in 
eight sizes, for all common 
refrigerants. Request 
Bulletin No. 402. 



Air Conditioning Coils — 
Blast Coils 

Durably built; conservatively 
rated; available in materials 
suitable for any cooling or 
heating medium. All coils 
thoroughly dehydrated and 
tested at 1,000-pound pres- 
sure under water. Ask for 
Bulletin No. 396. 




Low Temperature Unit 

Designed for sub-zero temperature ap- 
plication. Equipped with the original 
Mario electric-heating element for manual 
or automatic defrosting. Available for any 
refrigerant. Full details in Bulletin No. 407. 



Air Conditioning Units 

Air Conditioning Units in either ceiling 
suspended or floor type. Capacities Ifroiu 
900 cu ft to 12,000 cu ft. Sturdily built on 
angle welded iron frames of sectional 
design for easy installation. Bulletin 
No. 409 gives complete details. 



Air System Equipment • M^ohlvfery"^ 


UNIVERSAL COOLER CORPORATION 

Marion, Ohio 



Automatic Refrigeration Exclusively Since 1922 



Model W-ISOO, 15 hp Condensing XJml. 

A complete LINE of CONDENSING UNITS AND COMPRESSORS 

MANUFACTURERS: We offer you a complete line of commercial condensing units 
and compressors. Our unique policy of selling to manufacturers only is ideally suited 
to your business. Our products are accepted by nationally and internationally known 
makers of refrigerating and air conditioning equipment. Data and quotations sent 
promptly at your request. 

ARCHITECTS ENGINEERS: We will gladly send you descriptive matter 
and technical capacity and performance data on our condensing units. You can use this 
information with confidence in preparing your own specifications for refrigeration and 
air conditioning work. 

CONTRACTORS: These splendid refrigerating Machines are available to you 
through many of the leading manufacturers of refrigerating, air conditioning and fan 
equipment. We maintain no local dealers or branches to compete with you in contract 
work. 

We will gladly send complete data. 

Universal Cooler Corporation, Marion, Ohio. 

Universal Cooler Company of Canada, Ltd., Brantford, Ontario. 

Listed under Reexamination Service of Underwriters Laboratories, Inc. 
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Air System Equipment 


Refrigera ting 
Machinery 


The Vilter Manufacturing Company 

Since 1867 

Milwaukee, Wisconsin 

AIR CONDITIONING EQUIPMENT FOR INDUSTRIAL OR 
COMFORT COOLING 


COMPRESSORS OF MODERN DESIGN 

Ammonia Freon or Methyl Chloride Freon Compressors 

Compressors Condensing Unit for Large Installations 



Ammonia Compressors — The result of over seventy years of research 
development and experience gained through thousands of installations of all 
types, in all industries. Famous for high tonnage capacity at low hp and low 
operating costs. Built in a wide range of capacities from 2 to 100 tons standard 
A.S.R.E. rating in Vertical Types; up to 750 tons in Horizontal Type. 

Freon Compressors — Embody many outstanding new features that prevent 
leakage and minimize friction — resulting in extremely low relative hp per 
ton. Made in capacities up to 150 tons. Capacitrols available at slight 
additional cost provide flexibility of operation. 

Freon Condensing and Methyl Chloride Units — Self-contained units 
made in sizes from 34 hp to 30 tons capacity. Embody latest engineering 
features. 

Unit Ah Coolers-y-Available in a wide range of sizes and types for any air 
conditioning requirement — product coolers, dry coil coolers, spray type 
coolers, low temperature electric defrosting coolers, and floor or ceiling central 
system air conditioners. 

Water Coolers and Condensers — h complete line of shell and tube water 
coolers, brine coolers and condensers for Freon or ammonia. 


UNIT AIR CONDITIONERS 

Dry Coil Type Spray Type 



Shell and Tube 
Equipment 




_ Vilter also builds a complete line of air conditioning coils, evaporative condensers and 
air washers — ^and special units for central station comfort cooling systems. 
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Air System Equipment • mic^tnery^^ 


Worthington Pump and Machinery Corporation 


WORTHINGTON Garbondale Division 


General Offices: 


Albany 

Atlanta 

Baltimore 

Birmingham 

Boston 

Bltffalo 


Chicago 

Cincinnati 

Cleveland 

Dallas 

Denver 

Detroit 


El Paso 
Fort Worth 
Galveston 
Houston 
Kansas City 
Los Angeles 


HARRISON, NEW JERSEY 

New Haven Providence 

New Orleans Rochester, N.Y. 
New York St. Louis 

Philadelphia St. Paul 

Pittsburgh San Francisco 

Portland, Ore. Salt Lake City 


Representatives in Principal Cities of Foreign Countries 


Seattle 

Springfield, Mass. 

Syracuse 

Tulsa 

Washington, D.C. 
Wilmington, Del. 

CA2-1 


REFRIGERATION SYSTEMS FOR AIR CONDITIONING IN 
COMFORT COOLING OR INDUSTRIAL PROCESS 


Complete refrigerating systems for use with 
Freon-11, Freon-12, Methyl Chloride, Am- 
monia, or Carbon Dioxide, either direct- 
expansion or water cooling applications. A 
complete line of refrigeration compressors, 
permitting impartial recommendations. A 
nation-wide organization of Distributors 


in major cities to provide sales and engi- 
neering service and plan complete air con- 
ditioning systems of the central or unit 
type. Architects, Engineers, and Con- 
tractors are invited to consult with us. 
Write to Harrison, N. J., or any branch 
office, for bulletins on these products. 


Small Self-contained Units 

Freon-12 or 
methyl chlo- 
ride conden- 
sing units; 
motorsJ4to2 
hp. with air or 
water-cooled 
condensers. 
Used in small 
air condition- 
ing systems, and in commercial refrigera- 
tion. Capacities up to 2 tons. 

Medium Self-contained Units 

Freon- 12 or 
methyl chlo- 
ride compres- 
sor units for 
use with 
‘'shower’’ 
condensers or 
water-cooled 
condensers. 
Features; FEATHER (Fat’d.) Valves; 
automatic capacity control. Capacities 
3 to 30 tons. 

Large Self-contained Units 

Freon-12 or 
methyl chlo- 
ride compres- 
sor units for 
use with 
‘ ‘shower’ ’ 
condensers or 
water-cooled 
condensers. 
Features: Worthington FEATHER 
(Fat’d.) Valves; automatic capacity con- 
trol. Capacities 25 to 60 tons. 


Vertical Two-cylinder 
Double-acting Compressors 

Freon- 12 
or ammonia; 
large tonnage 
compressors; 
force-feed 
lubrication ; 
roller main 
bearings. 

Crankcase 
sealed from 
cylinders , 
preventing 
contamina- 
tion of oil by 
refrigerant. 

Equipped 
with patented Feather Valves; automatic 
capacity control features. Crosshead in- 
corporated in enclosed crankcase. Capa- 
cities up to 250 tons; duplex to 500 tons. 

Combined Unit 
Air Conditioners 

Complete air conditioning sys- 
tern in one 
attractive, 
compact 
unit. Con- 
tains com- 
pressor, condenser, 
motor, coils for cooling 
and heating, fans, filters 
and accessories. Capa- 
cities from 2 to 15 tons. 

Miscellaneous 

High and low side equipment for every 
purpose. 









Air System Equipment • 

Worthington Pump and Machinery Corporation, Carbondale Division 


Centrifugal Refrigeration 
Water Cooling Systems 


Freon-11 
centrifugal 
compres- 
sor, water 
cooler and 
water-cool- 
ed conden- 
ser in com- 
pact unit 
assembly. 
Electric motor or steam turbine drive. 
56 unit sizes . . . 150 to 1200 tons. 



Air Conditioning Units 

For Direct Expansion Freon- 12 
or Chilled Water Circulation 

Vertical and 
horizontal ; 500 
to 12,000 cfm; 
large air pas- 
sages; slow 
speed, quiet 
rugged fans; 
separable sec- 
tions; readily 
accessible. The 
design permits 
flexibility in 
installation 
arrangements. 

Shower Condensers 

A combined con- 
denser, receiver, 
and modified cool- 
ing tower, in one as- 
sembly, for Freon- 
12 or methyl 
chloride systems; 
2 to 130 tons re- 
frigeration; built in 
separable sections; 
all parts easily ac- 
cessible. Saves 90 
cent in 
cost of water. 

Horizontal Condensers 




Atmospheric drip type, for warm corrosive 
waters. Double-pipe for closed systems, 
can be retubed without shutting down. 
Multi-pass, as illustrated above, for closed 
systems and space saving. 


Vertical Ammonia Compressors 

Press u re- 
lubricated ; 
roller main 
bearings; 
safety heads; 
patented 
Feather 
Valves; belt 
drive, or di- 
rect-connec- 
ted to electric 
motor, Diesel 
or gas engine; ratings from 2 to 160 tons 
in one unit. 


Horizontal 

Ammonia Compressors 



Single and duplex; single-stage and two- 
stage; belt drive, or direct-connected to 
electric motor, Diesel, gas or steam engine; 
patented Feather Valves; ratings from 60 
to 750 tons. Automatic capacity control 
features are easily applied. Space require- 
ments vary depending upon type and drive. 

Carbon Dioxide Compressors 


A series of 
convenient 
types and 
sizes for 
every re- 
quirement is 
available. 


Liquid Cooling Equipment 

Various de- 
si g n s of 
horizontal 
single and 
multi-pass 
types, for a 
wide range 
of services; 
also verti- 
cal types. 
Chillers for 
oil dewaxing. Single and double-pipe for 
milk, wort, chemicals, etc. Cold liquid 
circulating systems. 
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Air System Equipment • and siowera 


American Coolair Corporation 

Jacksonville, Florida 
Cooling and Ventilating Fan Systems 
For Homes, Offices, Stores, Factories, Etc. 

A Pioneer Manufacturer of Attic Fans for Home Cooling 

Charter Member — ^Propeller Fan Manufacturers Association 


COOLING BY AIR MOVEMENT 
Engineers and architects know well that people 
working or living within a building can be kept 
cool, healthfully and economically, by sufficient 
movement of fresh air. It is not so well known, 
perhaps, that such cooling requires four to eight 
times the volume of moving air needed for simple 
ventilation. Satisfactory cooling requires a com- 
plete air change in working or living quarters at 
least once a minute. 

The American Coolair Corporation pioneered in 
the manufacture of attic fans for home cooling and 
during the past 12 years, Coolair engineers have 
been directly responsible for many of the develop- 
ments in this field. 

In planning a Coolair installation, determine 
cubic content of space to be cooled or ventilated 
and select fan of am pie capacity. For your con- 
venience a table of Recommended Air Changes is 
included in Coolair’s FREE catalog containing 
detailed suggestions for home and commercial 
jobs. Write for it today. 



Cfiolair Type 0, showing new built-in 
springs. Ideal for attic, window and wall 
installations in homes, offices, restaurants, 
stores, etc. 



Coolair Type S, diameters 6 to 9 ft, 
capacities up to 150,000 cfm. Used 
in hotels, factories, auditoriums, etc. 


t 


Ml 


COOLAIR’S QUALITY FEATURES 
1. New Built-In Springs-;— completely insulate moving 
parts from frame, eliminating vibration noise. Simplify 
window, wall and attic installations. 2. Light, Com- 
pact Fabricated Steel Frame — fits into many places 
where fans with bulky metal housings cannot be used. 
Easy to handle and install. 3. Reversible — when 
equipped with reversible motor, fan will blow in or 
exhaust at will. 4. Ball Bearings in Fan Hub— 
Eliminate sleeve bearing chatter and end thrust knock. 
Permit operation in any position (specify ball bearing 
motor for vertical or angle discharge). Uses grease 
instead of oil, requiring attention only once a year 
(once each three years for residential service). 5. Eight 
Large, Slowly-Moving Steel Blades — instead of four 
or less usually found on cheaper fans. Up to 12 blades 
on Type S models. Low tip speeds for quiet per- 
formance, steady flow of air. 6, Efficient V-Belt 
Drive — and small motor for 
economical operating speed. 7. 
Efficient Long Hour Service 
Motors — rubber mounted on 
adjustable support. Nation- 
ally known make approved for 
this application. 8. Certified 
Air Ratings — in accordance 
with Standard Test Code of 
NAFM and ASHVE. 9. Full 
Streamlined Orifice — avoids 
“spill-off” at end of blades, 
reduces power consumption. 

Coolair Type OT, space^saving, efficient 
twin unit widely used where headroom 
is limited. Shown with new built-in 
springs. U. S. Patent No. £,108,738 
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American Coolair Corporation Air System Equipment • Fans and Blowers 


Performance Data — Coolair Belt Drive Fans 


Fan 


Horse 

Fan 

Cubic Ft. 
Air 

Per Min. 

Fan 


Horse 

Fan 

Cubic Ft. 
Air 

Per Min. 

Size 


Power 

R. P. M. 

Size 


Power 

R. P. M. 

28-W 

L 

>4 

515 

6000 


B 

1 

i’/2 

155 

35000 

2-0 

L 

Va 

570 

6200 

6.S 

C 

177 

40000 

D 


630 

6800 

C 


195 

45000 




3 

5 

224 

270 

50000 

60000 

2'/2-0 

B 

Q 

Va 

411 

454 

522 

8000 

8800 

10100 


D 

D 

Vi 


B 

2 

163 

49500 


D 

Va 

600 

11700 

1 

7.S 

C 

3 

176 

53500 




5 

Wi 


69000 

80000 


B 

c 

Vi 

312 

345 

398 

10000 

11000 

12700 

D 

262 

3-0 

C 

8-S 

B 

3 

147 

66500 

D 

Va 

450 

14400 

C 

5 

176 

80000 


D 


500 

16000 


D 

7'/2 

220 

100000 





10 

259 

117000 


B 

C 

Vi 

261 

300 

13000 

15000 




9-S 

B 

5 

144 

93000 

3'/2-0 

C 

Va 

345 

17000 

C 


165 

106000 

D 

\ 

380 

19000 


D 

10 

182 

117000 


D 

Wi 

440 

22000 


D 

15 

220 

142000 


L 

1/2 

258 

19000 

2-OT 

B 


455 ■ 

9800 


C 

Va 

317 

22000 

Twin 

C 

500 

10800 

D 

1^ 

353 

25000 


C 

Vi 

570 

12400 


D 

IV 2 

405 

28000 

2 V 2 -OT 

B 

■" ^ ■' 

359 

14000 

" 

B 

Vi 

' “ 224 ' ' 

22006 

Twin 

C 

4 

411 

16000 


C 

V 

255 

25000 


C 

Va 

470 

18200 

4«/2-0 

C 

1 

276 

27000 

3-OT 

B 


■ "312 ■ 

20000 

D 

]}/! 

319 

355 

32000 

35000 

Twin 

C 

V 

360 

23000 


D 

2 

Twin 

B 

Va 

1 

'272 

27800 


B 

V } 

“200 

27000 

C 

300 

30700 

5-0 

C 


225 

30000 

4-OT 

B 


“ ■"2^ ■ 

36000 

C 

>'/. 

245 

33000 

Twin 

C 

258 

38000 


c 

D 

282 

310 

38000 

42000 

C 

Wi 

317 

44000 


D 

3 

355 

48000 







B — Very Quiet (Homes, Theatres, Hospitals, etc.). D— Industrial (Laundries, Factones, Canneries, 

C — Quiet (Stores, Offices, Restaurants, Barber Bakeries, Pressing Clubs, Garages, etc.). 

Shops, etc.). L — Has adjustable diameter motor pulley for Very 

Quiet and Quiet performance. 


Dimensions in Inches 


Fan 

Size 

Overall 

Height 

Overall 

Width 

Overall 

Depth 

(Approx) 

28-W 

31 

33 

15 

2-0 

305/8 

305/8 

18 

IVrO 

365/8 

365/8 

18 

3-0 

425/8 

425/8 

18 

31 / 2-0 

49 

49 

19 

40 

551/8 

551/8 

19 

41 / 2-0 

611/8 

611/8 

19 

5-0 

675/8 

675/8 

19 

6.S 

751/4 

751/4 

28 


867/8 

867/8 

34 

8-S 

99 

99 

38 

9-S 

1111/8 

1111/8 

38 

2-OT 

305/8 

611/4 

18 

21 / 2 -OT 

365/8 

731/4 

18 

3-OT 

425/8 

851/4 

19 

3V2-OT 

49 

98 

19 

4-OT 

asssssasssssl 

551/8 

1101/4 

22 



28-W 

WINDOW FAN 

Equipped with new 
sound-absorbing 
springs, safety guard, 
reversing plug, easily 
mounted in any 
standard window, no 
interference with 
window operation. 
See preceding page 
and Coolair Home- 
Cooling Fan Bulletin 
for further data. 

DIRECT DRIVE 
FANS 

Commercial exhaust 
fans scientifically 
constructed for quiet- 
ness in restaurants, 
stores, factories, etc. 
Four sizes 16 to 24 
inches in diameter, 
capacities 1360 to 
6900 cubic feet of air 
per minute. See Cool- 
air Price Sheet for 
full data. 


WRITE FOR FREE ILLUSTRATED COOLAIR CATALOG 
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Air System Equipment • Fans and Blowers 


Bayley Blower Company 


1817 S. Sixty-Sixth Street Branches in Principal cities Milwaukee, Wis, 

Builders of Heating, Ventilating, Cooling, Purifying, Humidifying and 
Air Washing Equipment; Exhaust and Drying Apparatus, Mechanical 
Draft and Blast, Fans and Blowers of all Types 


Bayley Plexiform Fan; 

Is a multi-blade fan for 
supplying air for heating 
and ventilating systems, 
manufacturing processes, 
drying systems, forced 
and induced draft sys- 
tems. It is suitable for handling high or 
low temperature gases at medium or low 
pressure. Will deliver maximum quanti- 
ties requiring minimum space with great 
economy. 

This is a distinct Bayley product, high 
class material and workmanship, properly 
designed to avoid excessive vibration and 
overstressing of parts. Inlets and outlets 
are properly sized for maximum delivery 
and maximum efficiency. Fans are fur- 
nished in single or double wi<^th of any 
required arrangement and with sleeve or 
anti-friction bearings. 

Aeroplex Fan : 

Is of high speed design with self limiting 
power characteristics. Application parallel 
to the Plexiform Fan. Highly efficient and 
quiet in operation. 

Bayley Exhausters and Pressure Blowers: 

Type exhaust fan 
is for heavy duty, hand- 
ling refuse from industrial 
and textile plants. Type 
is used in handling 
smoke, fumes and dust- 
laden gases. Type “H" 
for high-pressure work. 

These units are highly efficient and of 
high class design and workmanship. 

Bayley Turbo Air Washers, 

Humidifiers and De-Humidifiers: 

The Turbo 
Atomizer 
used in the 
Bayley 
Washer pro- 
duces a 
steady, fine 
spray. Water 
at low pres- 
sure is deliv- 
ered to the 
eenter of a 
rapidly re- 
volving cone-shaped rotor provided with 
atomizing pins set in its periphery. This 



The Bayley Turbo Air Washer Show- 
ing Turbo Atornim and Eliminalor 




atomizer requires very little attention, 
and will operate successfully under low 
water pressure. The orifices are large and 
this atomizer, unlike high pressure nozzles, 
cannot clog. 

Bayley Chinook Heating Sections: 

The Chinook sec- 
tion is used with 
blast heating, venti- 
lating and drying 
systems, and is suit- 
able for high or low 
pressure steam cir- 
culation. The base 
is divided into two 
chambers. Steam 
enters (see cut) the 
lower chamber, ris- 
ing through H-in, pipes located within 
the lK"in. pipes leading from the upper 
chamber. Condensation takes place in 
the larger pipes, the wat^ falling into the 
upper chamber and draining away through 
the return outlet. The Chinook can be 
repaired in the middle of the bank without 
breaking steam connections or taking 
down a section. 

Shipped assembled in smaller sizes, and 
knocked down in the larger units. May 
be installed in horizontal or vertical 
position. 

Bayley Ghinookfin Heating Sections: 

Are the same design as the Chinook 
Heaters, using heavy gauge copper fin 
tubes. ^ As compared with Chinook it is 
much lighter and occupies less space. 

Bayley Plexfin Unit Heaters: 

This unit in- 
corporat es 
Chinookf in 
radiation and 
Plexiform or 
Aeroplex fans. 

The fan assem- 
bly including 
top plate and 
motor is re- 
movable as a 
unit for main- 
tenance and 
inspection. The heating element is a re- 
movable unit. Casing all welded extra 
h^vy gauge. This is an exceptionally 
high grade unit at a moderate price. 




954 




Air System Equipment • Fans and Blowers 


Buffalo Forge Company 

450 Broadway, Buffalo, N. Y. 

Branch Offices 


Albany, N. Y — 1305 Standard Bldg. 

Atlanta, Ga.,_ 305 Techwood Drive 

Baltimore, Md.. 508 St. Paul St. 

Boston, Mass., Melrose Sta 486 Main St. 

Chicago, III 20 North Wacker Drive 

Cincinnati, Ohio 626 Broadway 

Cleveland, Ohio. 418 Rockefeller Bldg. 

Dallas, Texas 1801 Tower Petroleum Bldg. 

Davenport, Iowa — D. C. Murphy Co., 305 Security Bldg. 
Denver, Colo. — Hendrie & Bolthoflf Mfg. & Supply Co., 
1635 Seventeenth St. 
Des Moines, Iowa— D. C Murphy Co., 214 Old Colony Bldg. 
Detroit, Mich.— Coon DeVisser Co., 

2051 W. Lafayette Blvd. 


Grbenvillb, S. C 21 Blue Bldg. 

Houston, Texas 505 Rusk Bldg. 

Kitchener, Ont., Canada— 

Canadian Blower & Forge Co., Ltd. 
Knoxville, Tenn.— C. F. Sexton — 702 Empu-e Bldg. 


Los Angeles, Calif 708 Pershing Square Bldg. 

Miami, Fla.— Southern Air Conditioning Corp., 

149 N. E. 20th Terrace 

Minneapolis, Minn 2102 Foshay Tower 

Nashville, TBNN.-Southern Sales Co., 117 Fifth Ave., North 

Newark 27 Washington St., Room 203 

New Orleans, La.— Devlin Bros _.1003 Maritime Bldg. 

New York, N. Y 39 Cortlandt Bldg., Room 1110 

Omaha, Ne R'S^a 106 North 18th St. 

Philadelphia, Pa 703 Cunard Bldg. 

PmsBUROH, Pa 431 Fulton Bldg. 

Richmond, Va. — ^Williamson & Wilmer, Inc., Mutual Bldg. 
San Francisco, Calif. — Moore Machinery Co., 

1699 Van Ness Ave. 

St. Louis, Mo 1598 Arcade Bldg. 

Seattle, Wash 500 FuEt Ave., South 

Toledo, Ohio- 1922 Linwood Ave. 

Washington, D. C. — 640 Woodward Bldg., 

15th and H Sts., N. W 


PRODUCTS; Heating and Ventilating Equipment including: Unit Heaters, 
Multiblade Fans, Pipe Coil Heaters, Buffalo Air Washers, Buffalo Unit Air 
Washers, Buffalo Unit Coolers, Drying Equipment, Mechanical Draft Fans, Air 
Preheaters, Exhaust Fans, Blowers, Dust Collectors, Disc Fans, Spray Nozzles. 


Buffalo Limit-Load Fans 


Buffalo Conditioning Cabinets 



Buffalo Limit-Load Fans for ventilating 
embody several improvements to deliver 
stepped-up efficiency under practical con- 
ditions. Durably built for years of service. 
Dynamically balanced. Quiet, economical 
to operate. Non-overloading character- 
istic prevents motor from overloading and 
burning out, regardless of fan load. 

Buf-flow Axial Flow Fans 
This specially de- 
signed high pressure 
fan — with direct- 
ional guide vanes — 
propels the air 
stream in a true 
axial direction. 

Energy losses, are 
reduced to a mini- 
mum with a resulting increase in fan 
efficiency and marked power savings. 
What’s more, this fan cannot overload and 
burn out the motor. 



Buffalo “PC” Conditioning Cabinets are 
flexible in application, available in com- 
binations for simple cooling or complete 
air-conditioning, including summer cooling 
and dehumidifying, winter heating and 
humidifying and year 'round cleaning. 
Any or all functions may be automatically 
controlled. These units are neat and com- 
pact, exceptionally quiet in operation. 
Easy to install and easy to service. Cooling 
capacities, 3 tons up. 

Fans for Every Ventilating Need 

Buffalo Fans represent over 60 years of 
specialization in the design and construc- 
tion of fans for practically evei^ venti- 
lating and air-handling application from 
small kitchen fans to rugged fans for boiler 
draft. For complete information state the 
type of fan you are interested in and a 
catalog will be sent. 


(See also Page 1129) 
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Champion Blower & Forge Co. 

Manufacturers and Engineers 

Plant and Offices: Lancaster, Pa. 


Address Correspondence to Div. 9 

Manufacturers of Blowers, Ventilating Fans and Exhaust 
Fans for Air and Material ; and Blast Gates 

Representatives in Principal Cities 



Type S Forward curve ventilating 
fans, single and double wtdih, as 
well as direct motor drive. 



Super Ventilating fans, 
direct motor drive up to 
SB in. diameter. Motor 
belt drive up to 4S in. size. 



Type BC Backward curve venti” 
lating and exhaust fans, single and 
double width; belt driven and direct 
connected electric. 


Ventilating Fans — For air conditioning systems 
and mechanical draft. Manufactured in the forward 
curved type for slow speed, and extremely quiet 
operation; also in the backward curved type with its 
flat horsepower curve characteristics and higher speeds 
suitable in the smaller sizes for direct connecting to 
synchronous speed motors.^ Ventilating Blowers manu- 
factured in sizes up to 60 in. diameter wheel, in single 
and double width. Belt driven blowers equipped with 
either ball or high-grade ^bbit bearing. Direct motor 
drive can be equipped with any type or characteristic 
motor desired, in any arrangement. 


Disc Fans — Super Ventilating Fans made in direct 
connected type up to 36 in. diameter, totally enclosed, 
ball thrust type motors. Slow speed motor belt driven 
type manufactured in sizes up to 48 in. for attic exhaust 
work and wherever large volumes of air are to be 
moved against low static pressures. All disc fans are 
quiet in operation. Decibel ratings on all fans are 
available. 


Forced Draft Fans — All sizes for use on the smallest 
to largest boilers. Fans can be furnished with inlet or 
outlet adjustable louvers for controlling air volume. 


Blast Wheels — We are well equipped to manufacture 
single and double width blast wheels in forward or 
backward curve type for oil burner and stoker manu- 
facturers, as well as manufacturers of air conditioning 
units and other ventilating equipment. 


Vibration Dampener Sub-Bases — For blower and 
ventilating equipment. Made with heavy channel iron 
and rubber vibration eliminator pads to suit size and 
weight of fan or blower. 


Special Fan Equipment — ^We are in position to 
engineer and build fans, blowers, or exhausting equip- 
ment to meet customers’ special needs. A card ad- 
dressed to Div. 9 will bring you complete catalog data 
or information on any particular problem confronting 
you. 
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DeBothezat Ventilating Equipment Division 

American Machine and Metals, Inc. 

(Main Office and Factory) 

901 DeBothezat St., East Moline, Illinois 


Branches 


District Offices 


Branches 


Atlanta 

Boston 

Cincinnati 

Cleveland 

Dallas 

Des Moines 

Detroit 

Fort Wayne 

Hartford 


Chicago New York San Francisco Indianapolis 

Los Angeles 
Milwaukee 
Minneapolis 
New Orleans 
Pittsburgh 
Providence 
Saginaw 
St. Louis 



NON-OVERLOADING POWER CHARACTERISTICS 
CERTIFIED RATINGS— GUARANTEED PERFORMANCE 



Ventilating Fan 
Axtal Flow 


Axial Flow Ventilating Sets 
A complete series of volume and pressure axial-flow fans 
of high mechanical and static efficiencies with a non- 
overloading power characteristic. These fans offer savings 
in space, weight and power. Axial-Flow Ventilating Sets 
are available in a wide range of capacities in sizes 8 in. 
through 10 ft in diameter, and may be had arranged for 
direct motor drive or belt drive. 

Bifurcators 

Designed for handling corrosive or high tempera- 
ture vapors with direct motor driven fan. Motor is 
located in chamber open to atmosphere but isolated 
from gases handled by fan. ^ Installed as integral part 
of duct system, in any position. 



Bifurcator 



""Fower-Flow" Ventilators are aero- 
dynamically correct in design. Note 
trim appearance — low height. 


Multi-Stage Impeller Blowers 

Units can be furnished in 2, 4, 6 or 8 stages. 
Direct motor or belt driven, producing high capa- 
cities and static pressures, with non-overloading 
power characteristics. 

“Power-Flow” Roof Ventilators 

Designed to provide positive ventilation at all 
times regardless of temperature, humidity and 
wind velocity. Guaranteed performance ratings. 
Equipped with high-efficiency Axial-Flow Pressure 
Fan, these Power-Flow Roof Ventilators possess 
the greatest air moving capacity per horse power! 
Low fan tip speeds permit unusual quietness of 
operation. Work efficiently against resistance of 
duct systems. Have non-overloading power char- 
acteristic available in a wide range of sizes, 
speeds, and for all standard electric current. 

The above is only a partial list of the ven- 
tilating units DeBothezat builds. Our engi- 
neers will be glad to give you expert assistance 
in your ventilating problems— offering you a 
solution in space, weight and power saving 
equipment. Catalog on all products sent on 
request. 
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The Lau Blower Company 

2007 Home Avenue, Dayton, Ohio 

Manufacturers of Package Unit Furnace Blowers, Blower Wheels, Housings, 
Pulleys, Pillow Blocks, Complete Assemblies, Window Fans and Attic Fans 



Self- Aligning Pillow Blocks 

Hold-down bolts cannot affect the freedom of the bearing. 
Oil tight steel housing; reservoir holds twice as much oil as 
cast iron housings; Durex bushing feeds oil to the shaft by 
capillary action; 100 per cent bearing surface “floats” 
shaft in oil at all times. Spherical surface of bearing 
conforms to contour of housing, providing a 
universal joint action. {Left). 


100 Series Assembly 

A complete blower assembly for manu- 
facturers who fabricate their own casings 
(also available with top motor mounting). 
Variable speed drive; automatic belt- 
tightening device; automatic cut-out on 
motor; 23 sizes. {Right). 
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Blower Wheels 

Squirrel cage, forward curve, multi-blade 
type wheels. Double inlet, double width 
(or single inlet, single width). Dynami- 
cally balanced; sizes 5 in. to 30 in. {Left). 

Housings 

Constructed of extra heavy guage steel, 
venturi die formed housing reduces turbu- 
lence. Scientifically designed scroll insures 
highest efficiency. Any angle discharge 
furnished. Blower housings available in 
10 standard sizes — special sizes on request. 

Niteair Panel Type Fan 
Three broad, deep-pitched blades provide 
maximum volume air with minimum 
power consumption. Venturi type en- 
trance panel assures maximum air delivery, 
reduces turbulence, and eliminates the 
most common cause of “air noise.” Two 
self-aligning Durex bearings holding fan 
shaft rigidly, V-belt drive, the rubber 
mountings on motor, and end thrust combi- 
nation avoid vibration. Eight sizes. {Left). 

Write for the Lau Catalog on any of 
the products described above. Also for 
complete data on Lau Blower-Filter 
Units. Twenty Six Sizes . . . two speed 
operation available with most models. 




Air System Equipment 


Fans and Ventilating 
Equipment 


me 

GENERAL OFFICES 

32nd STREET & SHIELDS AVENUE • CHICAGO 

FACTORIES oi LAPORTE. IND and CHICAGO. ILL 

Experienced Air Engineers 

Representatives in Principal Cities 


( NEW YORKH 
BLOWER 
COMPANY Ji 



JrrooLLcts . . • for all indus- 
trial processes, ventilation and heating. 
Specify them for every industrial, com- 
mercial and institutional requirement. 
Check these nine classifications which give 
thumb nail specifications: 


• CENTRIFUGAL FANS AND BLOWERS 
Type ME Housed Centrifugal Wheels— Quiet 
Operating, Slow Speed Type and/or High 
Speed Wheels with Non-overloading Horse- 
power Characteristics. Range of Standard 
Wheel Si^es 15 in. to 80 in. Wheel Diameter. 
Sizes 15 inch to 80 inch Wheel Diameter. 


• MECHANOVENT UNIT VENTILATORS 

(Continued) 

AUDITORIUM Unit Ventilators, Fully 
Encased Centrifugal Type Units, with or with- 
out Fresh Air and/or Recirculation Damper 
Assemblies, for use in Auditoriums or other 
places of large public gatherings. Capacities 
2,000 CFM to 10.000 CFM. 

• AIR WASHERS 

A completely engineered line of PEERLESS 
Air Washers, Air Cleansing, Air-Conditioning 
and Cooling. Complete with Single- and 
Double-bank Atomizing Spray Systems, Marine 
Type Doors, Eliminators, Entering and Back- 
spray Louvres, Water Strainers, Pumps and 
Motors, and with or without Humidity Flood- 
ing Provisions. Sizes and Capacities ranging 
from 3,600 CFM to 76,000 CFM. 


• JUNIOR CENTRIFUGAL BLOWERS 

Type ME Junior Fans, direct connected Motor 
Driven Range of Sizes 6 inch to 12 inch Wheel 
Diameter. 

• DISC TYPE (or PROPELLER) PANEL FANS 

Comet EXHAUSTAIR Ventilating Fans, 
Automatic Shutters, Power Roof Ventilators, 
direct connected Motor Driven. Size 10 inch 
to 30 inch Wheel Diameter. Heavy Duty 
Type, Pulley Driven, GIANT Disc Type Fans, 
Regular Sizes 36 inch to 108 inch Wheel 
Diameter with Round Body Frames. 

• INDUSTRIAL UNIT HEATERS 

Disc or Propeller Fan, Ceiling Suspension 
Type, NYBCo COMET Unit Heaters with 
Molybdenum Alloy Corrosion-Proof and 
Freeze-Proof, Extra Heavy Welded, Longlife 
Ferrous Heating Element Suitable for low or 
high-pressure (unlimited) Steam Pressures. 
Capacities 24,000 to 300,000 BTU’s per Hour. 
Excel AIR-FLOW Centrifugal Type Factory 
Unit Heaters. Blower-Type Unit Heaters with 
Encased Centrifugal Fans with NYBCo Molyb- 
denum Alloy Welded Steel Heating Element 
(either Blow-through or Draw- through Type). 
Floor Type, Side- wall or Ceiling Suspension. 
Capacities 169,000 to 1,000,000 BTU’s per 
Hour. 

• MECHANOVENT UNIT VENTILATORS 

CLASSROOM Unit Ventilators, highly refined 
in design and appearance. A De-Luxe Product 
in every sense. Suited for fully Automatic 
Temperature and Humidity Regulation. Capa- 
cities 750 CFM to 1560 CFM for Classroom 
Duty. 


• HOT BLAST HEATING SURFACE 

NYBCo “STEELFIN” Longlife High Pres- 
sure Molybdenum Alloy Steel, All Welded, 
Extra Heavy Duty, Homogeneous Fin-and- 
Oval-Tube Hot-Blast Heating Surface. Hot- 
dip Overall Metallic Coating, Including Head- 
ers. A Super-quality Product — proof against 
faults common to Surfaces constructed of Non- 
ferrous and Cast Iron Matenals. An Engi- 
neered Product of Sizes and Capacities for 
Steam Pressures (or Hot Water Equivalents) 
from 2 lbs. to 150 lbs. duty. High Temperature 
or Low Temperature Fin Spacings, and a 
Range of Air Velocities from 400 to 1000 Ft. 
per Min. 

• VENTO, AEROFIN, and OTHER HEATING 

AND COOLING SURFACES 
The various types and makes of Heat Transfer 
or Heat Exchange Surface, as regularly sold 
through the outlets of manufacturers of Fan- 
system Apparatus. These types of Surface are 
offered in various combinations and sizes, 
together with full and complete engineering 
recommendations. 

• MISCELLANEOUS 

Dust and Shavings Exhausters and Material 
Conveyor Blowers (Centrifugal Fans with 
Special Housings and Wheels); Engines, 
Motors, and V-Belt and Other Drives; Air 
Filters — ^Automatic and Cartridge or Renew- 
able Types; Control Devices, including Pres- 
surestats, Thermostats, Humidistats; Turbine 
Ventilators; Gas-fired Unit Heaters; Speaal- 
ties; and Other Apparatus for use m conjunc- 
tion with Complete Blower Systems. Complete 
data and descriptive matter furnished on 
specific request. 



Certified Ratings 


Write for Catalogues 

Full Catalog Matter, Descriptive Bulletins, Per- 
formance Tables, Engineering Data and Technical 
Presentation, Prices, and Complete Information with 
Illustrations will be furnished upon request of 
District Representative or by Home Office. 
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Akron, O. 

Albany, N. Y. 
Atlanta, Ga. 
Baltimore, Md. 
Boston, Mass. 
Buffalo, N. Y. 
Camden, N. J. 
Chicago, 111. 
Cincinnati, O. 
Cleveland, O 
Columbus, O. 
Denver. Colo. 

Des Moines, la. 
Detroit, Mich. 
Greensboro, N. C. 
Hartford, Conn. 
Indianapolis, Ind. 
Kansas City, Mo. 
Los Angeles, Cal. 
Milwaukee, Wis. 
Minneapolis, Minn. 
Montreal, P. Q. 


B. F. Sturtevant Co. 

Hyde Park, Boston, Mass. 


Slurlevahl 



PLANTS LOCATED IN 

Camden, N. J. Hyde Park, Mass. Framingham, Mass. 
Sturtevant, Wis. Galt, Ont. Berkeley, Calif. 


Newark, N. J. 

New York, N. Y. 
No. Hero, Vt. 
Pittsburgh, Pa. 
Portland, Ore. 
Richmond, Va. 

St. Louis, Mo. 

San Francisco, Cal 
Seattle, Wash. 
Spokane, Wash. 
Springfield, Mass. 
Syracuse, N. Y, 
Toledo, O. 
Toronto, Ont. 
Washington, D. C. 


A. M. Lockett & Co. 
New Orleans, La. 
Houston, Texas 
Dallas, Texas 
Galveston, Texas 


The Cooling and Air Conditioning Division of B. F. Sturtevant Company 
HYDE PARK BOSTON. MASS. 

Atlanta Camden Cleveland Greensboro Los Angeles New York 


DATA ON HEATING, VENTILATING, 
AIR CONDITIONING AND VACUUM 
GLEANING EQUIPMENT FOR 
ARCHITECTS, ENGINEERS, 
CONTRACTORS 

The Publications listed below, and on the 
following page, have been prepared to aid 
the architect, engineer and contractor in 
the selection of proper equipment for in- 
dustrial, public, and private buildings of 
all types and sizes. We will gladly send 
copies upon request. 


AIR WASHERS 

Built in several types 
to meet varying require- 
ments in cleaning, cool- 
ing, dehumidifying and 
humidifying air. 
Catalog No. 295. 


COOPERATION 

Sturtevant Engineers, located at each of 
the offices listed, are always ready to co- 
operate with architects, engineers and con- 
tractors in the selection of equipment 
suitable for any prospective installation. 

SUSPENDED SPEED HEATERS 

Propeller fan type, for wall 
or ceiling installation. Fin 
type heating element. For 
steam pressures up to 200 
lbs, capacities up to 300,000 
Btu. 

Catalog No. 396. 

DOWNBLAST SPEED HEATERS 

High velocity unit heaters 
for high ceiling instal- 
lation. Fin type heating 
element. Steam Pressures 
up to 200 lbs. Capacities 
up to 400,000 Btu. 
Catalog No. 454. 





FILTERWASHERS 


MULTIVANE SPEED HEATERS 



Employing filter pads in 
conjunction with water 
sprays, these airwashers 
clean and humidfiy air, 
removing all dust and dirt 
down to micronic fineness. 
Catalog No. 463- 



Centrifugal fan type for 
floor, wall, or ceiling in- 
stallation. Fin type heat- 
ing element. For steam 
pressures up to 200 lbs, 
capacities up to 2,010,000 
Btu. Catalog No. 452. 
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B. F. Sturtevant Co, 


Air System Equipment • and Blowers 


SILENTVANE FANS 


PRESSURE FANS 


Backwardly curved blade 
■HEBl type. A ventilating fan to 
Wji^ ^^1 the most exacting speci- 

fications, where very high 
IstedTOlf efficiency and exceptionally 
low power consumption are 
required. Catalog No. 457. 



Designed to operate 
against resistance of wind, 
ducts, etc., this rugged 
axial flow fan combines 
economical operation cost 
with high mechanical effi- 
ciency. Catalog No. 444. 


MULTIVANE FANS 

f Forwardly curved blade type. 

A highly efficient centrifugal 
ventilating fan of sturdy con- 
struction to meet the general 
run of ventilating require- 
ments. Catalog No. 271. 


MECHANICAL DRAFT FANS 



Forced and induced draft 
fans to meet any need. 
Can be furnished with 
Sturtevant reduction 
gears and steam turbine, 
motor or engine drive. 


Catalogs No. 409, 445, 447, 448. 


REXVANE FANS 



The modern paddle wheel. 
Correct inlet blade curvature 
and stream line shrouding 
retain all good features of the 
old paddle wheel and greatly 
increase capacity. 

Catalog No. 414. 


PROPELLER FANS 


Built in fan sizes from 12 up 
to 45 in. Electric motors 
are available for both alter- 
nating and direct current, 
in wide variety of voltages. 
Catalog No. 400. 



VOLUME FANS—CONVERTIBLE 



Silentvane, Multivane and 
Rexvane fans shown above 
can all be furnished with 
convertible and reversible 
housings, permitting quick 
conversion to any hori- 
zontal or vertical dis- 
charge. 


REXVANE VENTILATING SETS 



Direct connected; motor 
driven. For use with 
ducts, in ventilating 
small rooms, laboratory 
hoods and, in general, 
any room up to 10,000 
cu ft contents. 

Catalog No. 406. 


PRESSURE BLOWERS 



Small, compact forced 
draft fans, with direct con- 
nected electric motor, for 
coal burning heaters in 
schools and other build- 
ings. Catalog No. 297. 


UNIT VENTILATORS 

Combined steam heat- 
ing and ventilating units 
widely used in schools 
and other places. Finish- 
ed in duco of any stand- 
ard color. Stainless steel 
trim. Catalog No. 377. 



VACUUM CLEANERS 



Portable 



Central Systems 


Sturtevant Vacuum Clean- 
ers are made in both port- 
able and stationary Central 
System types and in a 
variety of sizes to meet 
every commercial and in- 
dustrial building need. 

Features: yuiet oper- 
ating vacuum producers, 
high suction for rapid clean- 
ing under all con- 
ditions; tools designed 
individually for specific 
cleaning operations. 
Central Systems in- 
clude piping recom- 
mendations to insure 
correct operation of the 
system. 


Catalog No. 413 (Portable Cleaners). 
Catalog No. 397 (Central Systems). 
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The Torrington Mfg. Co. 

50 Franklin Street, Torrington, Conn. 

Manufacturers of Blower Wheels and Propellor Type Fan Blades. 


4/fSES Awcssa 




Airotor Blower Wheel — Double Width — Double Inlet 
Spider End Plates — Patents 231,062, 2,231,063 

Patent Pending 



Cup Type Blower Wheel, Pats. 1,613,763: 1,648,060 


Torrington Aluminum Blower 
Wheels produce the smooth, quiet per- 
formance which is essential in modem 
heating and air conditioning units because 
the unique patented construction breaks 
up resonance and minimizes noise. Made 
of aluminum, they resist corrosion and 
their light weight facilitates quick starting 
— saves power. Every wheel is statically 
balanced. 

Bulletin lists 34 sizes of single inlet 
single width and 34 sizes of double inlet 
double width wheels, including guaranteed 
capacities for each. Also gives detailed 
dimensions for all wheels and table of 
dimensions for housing scrolls. We do not 
manufacture housings. 

Sizes 3 in. to 15 in. diameter in all 
standard widths. 

Torrington Airotor Blower Wheels 
are light, sturdy and inexpensive — incor- 
porate new principles of design and con- 
struction, which insure rigidity and con- 
centricity. Single Width — Single Inlet 
wheel is of simple four-piece construction. 
No rivets or welds are used ; concentric 
rib serving as backing for blade strip is 
formed at same time as hub socket, insuring 
trueness of wheel. Rigid radial ribs prevent 
deflection by thrust. Three thicknesses of 
metal in rims make for maximum strength. 
Manufactured in both aluminum and steel 
in 35^ in., 4H in., 5 in., 6 in., in., 9 in. 
and 1014 in. diameters. Same sizes avail- 
able in DA type double width, double 
inlet wheels. 

Torrington Airotor Blower Wheel — 
Double Width — Double Inlet — Spider 
End Plates, has blades punched and formed 
in a single strip, rigidly held by flanged 
single piece end rings. Hubs are rigidly 
mounted by peening. Wheels of 3J^ in., 
lOK in., 12 in. and 16 in. diameter are 
available at present; 4J^ in., 5 in., 6 in,, 7}4 
in., 9 in. and 20 in. sizes are being developed. 

Torrington Cup Type Wheels — Used 
for automobile heaters, gun type oil 
burners, windshield defrosters, small hair 
dryers, hand dryers, ice box and refriger- 
ator circulators, window ventilators, ex- 
hausters, etc. Made for either clockwise 
or counter clockwise rotation, of steel, in 
sizes: 3 in. to 9 in. inclusive. 
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AIRISTOCRAT Quiet Propel- 
ler Fan Blades are widely recognized 
for their all-around excellent performance. 
The unique, patented construction em- 
bodies entirely new principles in the art of 
fan design — produces a blade unsurpassed 
for quiet operation, rugged construction 
and attractive appearance. Every Air- 
istocrat unit is carefully built and the 
blades are hand gauged for correct contour 
and alignment. Statically balanced, these 
blades deliver full air volume with a 
minimum of noise. Aluminum alloy blades 
and steel spiders are standard except 
where otherwise noted. Rotation is clock- 
wise only (facing air delivery side). 

Available in the following finishes: 1. 
Plain — no finish on blades, spiders or hubs. 

2. Blades with no finish; spider and hub 
with cadmium plate or black lacquer. 

3. All black lacquered, with or without 
center button. 4. Buff and lacquered 
blades, black lacquered spider and hub, with 
or without center button. Catalog gives 
detailed dimensions and guaranteed per- 
formance curves recorded under NEMA 
and NAFM code tests at various speeds 
for each of the Airistocrat models 
described below. 


^‘Standard” Series — Has blades 
mounted on a steel spider. Sturdy, attrac- 
tive steel or aluminum blades which have 
withstood extreme laboratory breakdown 
tests. Sizes 8 in., 10 in., 12 in., 14 in., 16 
in., 18 in. and 20 in. diameters in a variety 
of pitches to meet every need. 


Three Blade “Y” Series— The design 
of this blade is the result of two years 
of laboratory experiment to produce a 
better air circulator blade. At recom- 
mended speed these blades produce a high 
velocity air stream effecting deep penetra- 
tion with unusual quietness. Sizes 10, 12, 
14, 16, 18, 20, 24 in. and 30 in. diameters, 
steel or aluminum blades. 


Pressure “P” Series — Similar in con- 
struction to “Standard” Series but with 
blades especially designed for higher pres- 
sures. Sizes 10 in., 12 in., 14 in., 16 in. 
and 18 in. diameters. 


Pressure “U” Series — ^Two and four 
blade models of steel designed for pressure 
operation. Sizes 20 in., 22 in., 24 in., 26 in., 
28 in. and 30 in. diameters. 24 in. and 30 
in. sizes suitable for attic fans. Bulletin 
gives complete specifications and ratings. 



Airistocrat "'Standard** Series 
Pats. £,07B,SS$ and 2,021,707 


! 

S-Blade Airistocrat "*¥** Series 



4-Blade Airistocrat Pressure Fan “P” Series 



4-Blade Airistocrat Pressure Fan *"U** Series 
(also made in two blade model) 
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The Torrin§ton Mfg. Co. 


Air System Equipment • Fans and Blowers 



4-Blade Airistocral Attic Fan ' A" Senes 
(also made in S and S "blade models') 



Airistocral 

S-Blade ''One Piece*' Series 


AIRISTOGRAT “A” Series Attic Fan 
Blades are the result of extensive study 
and experiment to produce blades having 
extraordinary efficiency, to sell at lower 
than average prices. LOW COST is pos- 
sible because tools are interchangeable for 
production of either 2, 3 or 4 blade models 
in any diameters from 24 in. to 48 in. 
inclusive (sizes 24 in., 30 in., 36 in., 42 in. 
and 48 in. are standard). Construction 
approved only after severe breakdown 
tests. The extremely high EFFICIENCY 
is attained by the application of correct 
principles of design. Blades, spiders and 
hubs are of steel. Available in the follow- 
ing finishes: 1. Plain. 2. Aluminum lac- 
quered blades, black lacquered spider and 
hub. 3. All one color lacquer. Bulletin 
gives detailed dimensions and specifica- 
tions; also performance data. 


3-Blade “One-Piece” Series Pro- 
pellor Fan — An attractive, inexpensive 
one-piece blade incorporating the Airisto- 
crat features for quiet operation. Avail- 
able in both steel and aluminum. Sizes 8 
in. and 10 in. diameters. 


4-Blade “One-Piece” Series Pro- 
pellor Fan — An exceptionally rigid model 
blanked from one piece of metal with four 
wide blades. Quieter than narrow blade 
types. Made in both steel and aluminum. 
Clockwise rotation only (viewing air de- 
livery side). Sizes 8 in., 9 in., 10 in., 12 m., 
and 16 in. diameters. Available in the 
following finishes: 1. Plain. 2. Lacquered. 
3. Nickel or cadmium plated (steel only). 


4-Blade “One Piece" Airistocrat Fan 



AtUocrat Fan Blade 


AUTOCRAT Fan Blades — For 

auto heaters, windshield defrosters, electric 
heaters, etc. Have been standard ever 
since these devices were first marketed. 
Made in sizes 3 in., 4 in., 4J4 in., 5 in., 

534 in., 534 in., 6 in., 634 in., 634 in., 
all four blades, also 7 in. 5-bIade, in one 
piece of cold rolled steel or aluminum with 
brass hubs, complete with set screw. J4 
in. bore is standard. Either clockwise 
or counter clockwise rotation (expressed 
when looking at air delivery side of fan). 
White nickel is standard finish for steel 
blades. Bulletin gives complete specifi- 
cations an ratings. 
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Wagner Electric Corporation 

6403 Plymouth Avenue, Saint Louis, Mo., U. S. A. 


Wagner Motors are built in a wide range of mechanical and electrical types to meet the 
varied requirements of the air-conditioning industry. These motors are carefully de- 
signed and skillfully constructed to make them quiet in operation and completely reliable. 

WAGNER POLYPHASE MOTORS 



Single -Speed Squirrel -Cage Motors 
(Type RP) 

Normal starting- 
torque — normal 
starting-current for 
driving radial com- 
pressors, fans and 
blowers. High 
starting-torque — 
low starting-current 
for driving recipro- 
cating compressors. 
2 and 3 phase; to 400 hp. 

Multi- Speed Squirrel-Gage Motors 

(Type MRP) 

To use where sever- 
al constant speeds 
reduce operating 
costs. Can be fur- 
nished with normal 
starting-torque or 
high starting- 
torque, with two, 
three or four speeds. 
Variable torque 
characteristics for 
fan service, constant torque characteristics 
for compressor service. 3 phase; to 
125 hp. 




Fynn-Weichsel (Synchronous) Motors 
(Type RN) 

Wagner Fynn-Weich- 
sel motors are 
leading- 
power- 
factor 
motors , 
having high start- 
ing-torque, low 
starting-current, 
high pull-in torque, constant speed at all 
loads, and ability to carry heavy inter- 
mittent overloads. Especially desirable 
where power-factor improvement or con- 
stant speed is required. 2 or 3 phase; 
7H to 200 hp. 

Special Compressor Motors 
(Type RT) 

The Wagner RT 
motor was specially 
developed to 
meet the 
demand for 
a motor 
with high start- 
ing-torque and very 
low starting-cur- 



Repulsion-Start-Induction Motors 

(Type RA) 



Brush-lifting (as- 
sures quiet oper- 
ation, long brush 
and commutator 
life). For high- 
starting-torque 
heavy-duty appli- 
cations. Open, 
totally-enclosed, and drip-proof; rigid or 
resilient-mounted. Yq to lY hp; rigid 
mounted, 2 to 15 hp. 

Split-Phase Motors 

(Type RB) 

Long-life switch 
and unbreakable 
steel frames. Open, 
drip-proof and 
totally-enclosed; 
rigid or resilient- 
mounted. Yo to 
Hhp. 


rent. 2 and 3 phase; 40 to 150 hp. 
WAGNER SINGLE-PHASE MOTORS 

Capacitor Motors 

(Type RK) 




Condenser-start induc- 
tion-run. Drip-proof or 
totally-enclosed end- 
plates; riged or resilient- 
mounted. Y % hp. 


Shaded-Pole Fan Motors 

(Type M) 

Single-phase induction of 
simijle construction re- 
quiring no complicated 
starting equipment, 
ideally adapted to fan 
and blower drives in 
which the fans are 
mounted directly on the motor shaft. 
Totally-enclosed and open type, rigid base 
round frame, or resilient mounted, with or 
without 3-speed regulator. K 25 , Hof Ho 
and Mo hp ratings. m42-6 
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GENERAL ELECTRIC COMPANY 

SCHENECTADY, N. Y. 

Sales Offices, Warehouses, Service Shops and Distributors in Principal Cities 

For Ck>de Wire, Conduit Products, Wiring Devices. Insulating Materials, etc.. 
Address— APPLIANCE AND MERCHANDISE DEPARTMENT, BRIDGEPORT, CONN. 



MOTORS FOR HEATING, VENTILATING, AND AIR CONDITIONING 

General Electric offers a complete line of motors for compressors, fans, and pumps 
from which you can select easily the motors with electrical and mechanical character- 
istics best adapted to your equipment. Many of the most frequent applications are 
listed below. Complete information on other types of motors — vertical, enclosed, etc., 
with various electrical and mechanical modifications, — may be obtained at the G-E 
office near you. 

For additional information ask for motor catalog GEA-62S. 



Tri-Clad induction motor. Capacitor fractionaUhorse- 

Type K, polyphase power motor. Type KC 

SOME G-E MOTORS AND THEIR USES 


Application 

Speed 

Type Winding 

Type 

Horsepower Range 

Classification 

Fans and Centrifugal 

Pumps 

Constant or 

Shunt 

B&CD 

1/8-200 

Direct 


Adjustable 

Compound 

B&CD 

1/8-200 

Current 

and Compressors 

Constant 

High Torque 

Capacitor 

KC & KC J 

1/4-3 




Resistance Split Phase 

KH 



Small Direct Connected 


Shaded-p>ole 

KSP 


Single 


Constant or 
3^peed 

Low Torque 

Capacitor 

KC 

1/50-1 

Alternating 

Current 



General Purpose 

KC 

1/4-3 


B^ed Fans, Centrifugal 


Capacitor 

KC 

1/8-3 




Repulsion Induction 

SCR 

5-10 


Reciprocating Pumps 

Oons^smt or 

Squirrel Cage 

KorKB 

1/4-1000 


and Compressors 

Multispeed 

lEgh Starting Torque 

K&KG 

1/4-5 

5-100 

Polyphase 

Alternating 

Ptraps. Compressors, 

Constant or 
Adjustable 

Wound 

Rotor 

M&MB 

J/2-1000 

Current 


Constant 

Synchronous 

TS 

25-2000 



Types of Enclosures — Open — protected from falling objects or dripping liquids. 
Splashproof — where wetness is a factor. 

Totally enclosed — for complete protection. Explosion-proof — where explosive fumes 
or dusts are encountered. 

This Company will gladly assist in the solution of any 
electrical problems in relation to heating and ventilation 
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Air System Equipment • controls 


GENERAL ELECTRIC COMPANY 

SCHENECTADY, N. Y. 

Sales Offices, Warehouses, Service Shops and Distributors m Principal Cities 

For Code Wire, Conduit Products, Wiring Devices, Insulating Materials, etc., 
Address—APPLIANCE AND MERCHANDISE DEPARTMENT, BRIDGEPORT, CONN. 




CR7006-D61FS quiet magrteitc 

switch. For full-voltage starting CR789e ihrawover Pands. To 

of squirrd-Mge motws up to 3hp, transfer motor or lighting load to CR7764 a-c speedr-regulating controller 

volts. FwappUcaitons where emergency source of power if for wound-rotor induction motors. For 

qwet operation ts required such normal source fads. Retransfers controlling the speed of motors driving 

as on fans or domestic air- iqq^^ when power returns to ventilating fans and blowers. Provides 

conditioning systems normal source undervdtage and overload protection 

A complete line of accessories, including pressure governors, pressure switches, float 
switches, electrically operated valves, and indicating Selsyns, is available. 

This Company will gladly assist in the solution of any 
electrical problem in relation to heating and ventilation 
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Air System Equipment 


Registers. 

Grilles 


Air Control Products, Inc. 


Coopersville, Michigan 


AIR CONDITIONING REGISTERS AND GRILLES 
ADJUSTABLE GRAVITY REGISTERS 
FLOOR REGISTERS AND FACES 
ATTIC-LOUVERS • DAMPER CONTROL SETS 




Each fin may be 
easily adjusted, 
even after the 
registers are in- 
stalled, by means 
of a special tool 
that is provided. 


Air Conditioning Registers 

No. 10 Series Registers assure uniform air 
distribution for they offer a combination of 
both vertical and horizontal control of the air 
stream. Adjustable vertical fins plus adjust- 
able horizontal louvers — immediately behind 
the register face — give positive air deflection 
in both planes. A small stop below the 
operating knob can be set for any deflection 
from 15 degrees upward (for cooling) to any 
desired downward deflection (for heating). 
See illustration below. This easy adjustment 
also makes the No. 10 Register suitable for 
Year-’Round Air Conditioning. Registers are 
regularly supplied in a tough, moisture re- 
sistant buff priming coat and are equipped 
with a sponge rubber gasket seal. This design 
furnished in baseboard and sidewall types — 
also available as grille without horizontal 
valve. 


No. 110 Series Registers — an attractive low-priced register with 
a single shutter valve mechanism. A quality register in every 
detail — adjustable vertical fins provide directional flow — sponge 
rubber gasket eliminates streaked walls. The close similarity in 
appearance to the No. 10 Series makes it possible to use both on 
the same installation. 


Adjustable Gravity Type Registers 

No. 20 Registers offer modern styling; ample free area, for 
gravity installations, and are adjustable for forced air. A 
universal register — efficient for new gravity installations or 
for converted forced air installations. Self-sealing sponge 
rubber gasket, supplied on all registers, makes an air tight 
seal between wall and register. Beautiful Metalescent Finish 
furnished as standard. Also available in sidewall types. 




Floor Registers and Faces are of grid type construction — resulting in a rigid floor 
register with ample free area and heel- proof mesh; shallow valve is also adaptable for 
sidewall installations. Available in a complete range of sizes. 

Attic Louvers for attic ventilation and Damper Control Sets for forced air dampers 
are also included in the complete AIR CONTROL Line. 

Write for catalog giving complete information on Air Control’s entire line of products. 
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Anemostat Corporation of America 

10 East 39th Street, New York City, N. Y. 

THE ANEMOSTAT HIGH VELOCITY AIR DIFFUSER 



Anemostat Type “A” 



Anemostat Type “B” 



Anemostat Type “C” 


THE ANEMOSTAT PRINCIPLE 

ANEMOSTATS produce unparalleled results 
because they are the only air diffusers which 
operate on the following interdependent principles: 

1. Air expansion within the device, which reduces velocity 
instantly. 

2. True Aspiration, which causes room air equal to 30 to 35 
per cent of the supply air to be drawn into the device where 
it is mixed with the supply air. The percentage of aspi- 
ration depends on the type of Anemostat used. 

3. Creation of a multiplicity of air currents and counter- 
currents at low velocities, which causes slow but adequate 
secondary air motion. 

Type “A” Anemostat is a combination device 
for supplying air and either extracting it or return- 
ing it to the conditioner or heater. Designed to 
extract or return 75 cfm of room air for every 100 
cfm of supply air. This percentage of extract or 
return may be increased or decreased by varying 
the extract velocities. It furthermore has an 
aspiration effect of 30 per cent. May be used with 
velocities up to 2500 fpm, and wherever both sup- 
ply and return, or extract are required through the 
same unit. Should not be used with ceiling heights 
exceeding 16 ft. 

Type “B” Anemostat is a diffusion device for 
supply air only. It has 35 per cent aspiration. May 
be used with velocities up to 4000 fpm and is 
suitable for industrial and commercial installations. 
Can be used on either exposed or concelaed duct 
work. 

Type “G” Anemostat is a diffusion device for 
supply air only. It has 35 per cent aspiration. May 
be used with velocities up to 2500 fpm. Must be 
installed flush with ceiling and cannot be used on 
exposed duct work. 

Type “W” Anemostat is a device for the 
diffusion of supply air from the wall. It has an 
aspiration effect of 35 per cent. Excessive air 
motion from the floor up to and including the 
breathing level is eliminated and the temperature 
differential, both horizontally and vertically be- 
tween points in the occupied zone is reduced to a 
minimum. The effective diffusion covers an area 
within a radius of 180 deg. This result cannot be 
obtained by any other method whiclf introduces 
air from a wall. 

Type “GSL” — Cove Lightip^g Combination 
of an indirect cove lighting unit with a Type “CSL’* 
Anemostat. Particularly suitable for use in 
theatres and auditoriums and wherever varied and 
unusual lighting effects are desired. The reflecting 
unit and wiring trough are mounted on top of the 
largest cone of the Anemostat and are entirely 
concealed when the Anemostat is installed. 

Pendant Lighting Fixtures of all types, 
standard or special, can be hung from the center 
of the Ceiling Anemostat. 


“No Air Conditioning System is better than its Air Distribution’^ 
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Air System Equipment 


Registers 

Grilles 


The Auer Register Go. 

3608 Payne Avenue, Cleveland, Ohio 
Manufacturers of Registers and Grilles for Gravity and Air Gondition^g 
Systems; Wrought Metal Grilles for Concealing and Protecting Radiation 


AIR CONDITIONING REGISTERS AND GRILLES 



Alro-Flez No. 4432 Register— No Frame 
MiUiulouvres adjustable up, straight or down. 
Grille bars adjustable for right or l^t flow. Ad- 
justing tool furnished. Grille to match. 



Airo-Flex No. 7032 Register — ^No Frame 
Grille bars set to direct air downward at £2}^ deg., 
but adjustable for other angj.es. Single louvre. Grille 
to match. 



Fin-Flex No. 5030 Register with Band 
Iron Frame 

Flexible fins % in. on center offer satisfactory one- 
time adjustment. Adjusting tool furnished with every 
order. Horizontal fins, furnish^ as standard. Ver- 
tical fins furnished if specified. Same design furnished 
also without valve, as a return. 


The Auer line of registers and grilles for 
heating and air conditioning systems is 
modern and complete, offering a wide 
choice of styles for every purpose. Only 
a few representative models are shown on 
this page. 

Airo-Flex "4000” Registers have vertical 
grille bars adjustable with tool, as shown, 
for combination or single current, straight, 
right or left. For up-and-down flow, 
Multi-louvre Back Blades, operated by 
lever, direct current at desired angle up, 
straight, or as much as 22 deg. down. 

Airo-Flex "7000”^ Registers have hori- 
zontal grille bars adjustable in same man- 
ner as ”4000” and are equipped with single 
blade louvre. A high quality economy 
register. 

Fin-Flex Registers and Grilles are made 
with either vertical or horizontal fins easily 
adjusted at time of installation for single 
or multiple air current in any direction. 

Dura-Flex Register and Grilles are also 
furnished with blades adjustable for any 
desired air flow. Other Dura-Flex designs 
are available with fixed blades. 

DuraBilt Floor Registers and Cold Air 
Faces are assembled with steel cross-bar 
construction, all cross joints locked and 
mortised. These should be specified where- 
ever extra strength is required. They come 
in medium or narrow mesh. 

All Auer models are designed with due 
regard for air capacity, and supplied in all 
required sizes and finishes. Complete 
Catalog 41, showing all types for air con- 
ditioning and gravity heating, furnished 
on request Special Grille Catalog ”G” 
also available. 



Dura-Flex No. 8132 Register — No Frame 
Adjustable bars % in. on center. 

Also furnished with horizontal bars {adjustable). 
Small, convenient adjusting tod furnished with each 
order. Same design furnished also without valves, 
as a return. 
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Air System Equipment • 


Barber-Colman Company 

Rockford, Illinois 

ENGINEERED AIR DISTRIBUTION OUTLETS 


Venturi-Flo 

Venturi-Flo is a spun-steel overhead type air diffuser 
with flow characteristics similar to those of the well 
known fluid flow measuring device — the Venturi-Meter. 
The relationship between the neck area of the unit 
proper and the venturi throat area is so proportioned as 
to create a slight back pressure in the neck at all times, 
thereby automatically insuring uniform distribution 
around the entire periphery of the unit. 

Three types of units are available, the recessed, the 
flush and the surface types. A wide range of sizes per- 
mits handling air volumes up to 15,000 cfm per unit. 

Fittings for attaching any standard light fixtures to 
the outlets may be obtained for all three designs. They 
can also be furnished as combination supply and exhaust 
units, and with adjustable dampers. 



Venturi-Flo — Recessed Type 



Venturi-Flo — Flush Type 



Venturi-Flo — Surface Type 


Uni-Flo 

Uni-Flo grilles and registers are especially designed for 
air conditioning applications. They are engineered and 
prefabricated with directional flow aspirating fins for 
each individual installation. Proper air distribution is 
assured and the necessity of adjustment after instal- 
lation obviated. 

Uni-Flo grilles can be furnished in various shapes and 
sizes and for plane and curved surfaces. 

Registers are similar in construction to grilles, but 
with the addition of spring loaded, positive closing 
chain or key operated dampers. 

Electro plated finishes: Gunmetal, brushed bronze, 
plain zinc, buffed zinc, brushed zinc, satin copper. Also 
available in plain metal, grey prime coat, clear lacquer, 
and satin aluminum. 


Uni-Fin 

Uni-Fin grilles and registers are designed especially for 
residential warm air installations, and are available in 
standard sizes with prime coat or electroplated finishes. 

{See also Page 990) 



Uni-Flo Grille 



Uni-Flo Register 



Uni-Fin Register 


SEE OUR COMPLETE CATALOG IN SWEET’S 
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Ah System Equipment 


Registers and Grilles 
Air Diffusers 


W. B. CONNOR ENGINEERING CORP. 


114 East 32nd Street, 
New York, N. Y. 



Division 


Offices 

in All Principal Cities 


Canadian Representative: Arthur S. Leitch Co., Ltd., Toronto, Ontario 

Manufacturers of KNO-DRAFT Adjustable Ceiling Air Diffusers 


Dorex KNO-DELA.FT Adjustable Air Diffusers insure efficient air distribution, 
adequate aspiration, noiseless and draftless diffusion, and uniform temperature through- 
out the occupied zone, regardless of the season or ventilation requirements. Every 
KNO-DRAFT unit is easily and quickly adjustable for system balancing or seasonal 
regulation. For instance, during the heating season warm air can be forced downward 
to obtain proper mixture of room and supply air. Adjustability is a highly advantageous 
Dorex feature provided at no extra cost. 

The KNO-DRAFT Diffuser will effectively handle large volumes of air; pre-mixing 
room and supply air. It permits the use of higher duct velocities — resulting in smaller 
ducts and lower costs. Hence duct designs are simplified and fewer outlets are required. 
KNO-DRAFT Diffusers blend well with any architectural treatment — classical or 
modern.^ They are simple in construction, light in weight, and easily installed. Reason- 
ably priced, the KNO-DRAFT Diffuser is a unit that will meet all specifications. 
Literature, catalogs, and complete engineering data will be furnished upon request. 


Model F KNO-DRAFT Diffuser 



Model “F” — For Supply Air — attractive 
— light, yet sturdy— for high or low ceilings 
or attachment to exposed duct work. 
Anti-smudge rim prevents streaked ceil- 
ings. Sizes 2}/2 in. to 42 in. in neck dia- 
meter for capacities from 10 cfm to 
20,000 cfm per unit. 

Model FL KNO-DRAFT Diffuser 



Model “FL” — ^With built-in lighting. All 
Dorex KNO-DRAFT Diffusers are avail- 
able with^ direct or indirect lighting— the 
ultimate in modern decorative effects. 


Model SR KNO-DRAFT Diffuser 



Model “SR”~-For Combination Supply 
and Return air to simplify duct work. 
Sizes 6 in. to 42 in. supply air neck dia- 
meter for supply capacities from 10 cfm 
to 9,000 cfm per unit, with central return 
air throat for 75 per cent of supply 
capacity. 

Model FT KNO-DRAFT Diffuser 



Model “FT” — of extra sturdy construction 
for heavy duty in buses, trolley cars, 
marine craft, etc., sizes 2^4 in. to 42 in. 
neck diameter. 







Air System Equipment 


Registers 

Grilles 


Hendrick Manufacturing Company 

Hendrick Perforated Metal Grilles 

48 Dundaff Street, Carbondale, Pa. 

Sales Offices in Principal Cities— Consult Telephone Directory 

PRODUCTS — Hendrick Perforated Metal Grilles; Mitco Open Steel Flooring; 
Mitco Armorgrids; Mitco Shur-Site Treads. 


HENDRICK 

PERFORATED METAL GRILLES 

To architects, engineers, contractors and 
others who buy or specify grilles, Hendrick 
offers literally hundreds of designs from 
which to select the pattern or patterns best 
suited to specific applications. 

In addition to those popular designs 
which have been specified so consistently 
that they are today regarded as standard 
patterns, Hendrick offers a number of 
exclusive designs, many of them covered 
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by design patents. Originally designed to 
meet specific requirements, these Hendrick 
patterns are available, without premium, 
to those who seek something that is dis- 
tinctive as well as different. 


All Hendrick Grilles are characterized 
by clean-cut perforations and fine finish. 
In addition, Hendrick grilles are put 
through a special flattening operation 
which insures easy installation. 

HENDRICK 

FIXED LOUVRE GRILLE 

One of the most popular grilles in the 
Hendrick line is a door grille, developed 
originally for hotels and hospitals but 
equally ideal for bathroom doors in 
residences. 

Hendrick Fixed Louvre Grille is 
built up of a series of strips bent to a 
fixed angle and rigidly fastened into a band 
frame, a construction permitting free cir- 
culation of air but preventing vision 
through the grille from any angle. Easily 
installed in any door. 



Hendrick Fixed Louvre Grille 


Regularly furnished in No. 18 U. S. 
Gauge Steel; also obtainable in other 
commercially available metals. 


Write on your letterhead for a copy of 194- page handbook, “Hendrick Grilles.” 
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Air System Equipment 


RegisteTB 

Grilles 


Hart & Cooley Manufacturing Co. 

EstabUshed 1901 

Air Conditioning Registers and Grilles - Warm Air Registers 
Damper Regulators - Furnace Regulators - Pulleys - Chain 

Holland, Mich. 


NO. 75 DESIGN— FLEXIBLE FIN TYPE with TURNING BLADE VALVE to 
provide DOUBLE DEFLECTION. Also without Valve as GrUle or Intake 



CONTROL OF AIR FLOW IN TWO PLANES 




Instant Adjustment of Air Flow 
(Up, Straight or Down) 

Is obtained by turning the regulator on the register face 
to the proper setting with a key furnished with each register. 
When the valve is opened, as shown at the left, the individual 
valve louvres automatically stop in position to provide the 
proper air flow — Up (Fig. 1) for cooling systems to avoid 
drafts; Straight (Fig. 2) for ventilating systems; Down 
(Fig, 3) for heating systems to prevent stratification. When 
the valve is closed, as shown at the left below, it completely 
stops the flow of air. 

Air Flow Can be Quickly Adjusted Sideways 
No. 75 Design has a flexible fin-type face. Each fin may 
be twisted individually with a wrench furnished with each 
register or grille to provide any desired sideway deflection 
of the air flow. 

Greatly Reduced Turbulence and Resistance 
Figs. 1, 2, and 3 show the air flow with No. 75 Design; 
Fig. 4, with the conventional register. Compare the turbu- 
lence in the stackhead of the latter with the smooth flow 
obtained with No. 75 Design. So efficient is No. 75 Design 
that there is actually less resistance with this register, using 
a standard stackhead, than if no register at all were used. 



Fig. 1 Fig. je Fig. S Fig. U 
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Hart & Cooley Manufacturing Co. Air System Equipment 


Registers 

Grilles 



Velocities with No. 75 Design 



Velocities with Conventional Register 


EVEN DISTRIBUTION OF AIR OVER ENTIRE FACE 

The turning blade valve distributes the air evenly with a uniform velocity over the 
entire face, as shown in Figs. 1, 2, and 3 on the preceding page. Note how the air rushes 
through the upper part of the face with a conventional register, as shown in Fig. 4. 
Since the entire face of No. 75 Design register is utilized for discharge of air, smaller and 
in some cases fewer registers can be used without causing excessive velocities. 

Prevention of Streaked Ceilings— With either UP, STRAIGHT, OR DOWN 
deflections the air does not strike the ceiling immediately in front of the register; streaked 
ceilings are thus avoided. 

Excellent Concealment of Duct — The depth and close spacing of the vertical bars, 
combined with the valve, provide almost complete concealment of the duct, adding 
considerably to the pleasing appearance of the register face. 

Special Settings — No. 75 Design functions equally well when located at the end of a 
horizontal duct or, by installing it upside down, when the air is delivered to it from above. 


AVAILABLE IN FOUR TYPES 



With Turning Blade 
Valve 

No. 751 Register (Left) 
has Sponge Rubber Gasket 
and % in. turndown. No. 
754 Register (Right) is 
similar except has in. 
projection. 




Without Valve 

No. 750 Grille (Left) 
has Sponge Rubber Gasket 
and % ill* turndown. No. 
757 Intake (Right) has 
in. projection. 



FOUR TYPES OF INSTALLATION FRAMES AVAILABLE 



No. 75 Design items can be used with or without 
installation frames. No. 3 Sidewall Stud Frame (illus- 
trated), fastens directly to stud, forming a solid, 
streak-proof foundation for register. No. 8 Frame is 
similar for baseboard use. No. 6 Baseboard Stack 
Frame provides inexpensive, streak- proof installation. 
No. 2 Band Iron Frame provides for connecting 
register to stackhead. 


CATALOG 42 showing the complete H & C line, available upon request. 
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Air System Equipment 


Registers 

Grilles 


The Independent Register Co. 

Established 1898 

3747 East 93rd Street, Cleveland, Ohio 

AIR CONDITIONING REGISTERS AND GRILLES 


A Complete Line for Either Residential or Commercial Installations 



— xf^/zf/ijinw 1 1 wwv^xw^l 


No. 311A “Fabrikated”— Grille Bars in- No. 321A “Fabrikated”— Grille bars in- 
dividually adjustable for upward or down- dividually adjustable for right or left 
ward directed air flow. directed air flow. 



No. 238 Wrought Steel— 4-way adjust- No. 139 Wrought Steel— Flexible hori- 
able direction of airflow. Flexible vertical zontal grille bars, bendable for up, down 
grille bars, multiple valves. or straight air flow. Single valves. 
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No. 136 Wrought Steel~Of fine appear- No. 137 Wrought Steel — A popular 
ance. Can be used to advantage on low design, moderately priced. Single valves, 
priced installations. Single valves. 

We manufacture many other types and styles 
of Registers and Grilles; a complete line. 

You should have the Independent Register Catalogues — Yours for the Asking. 
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Air System Equipment 


Registers 

Grilles 


REGISTER & GRILLE MFG. CO. 

Incorporated 

70 Berry Street, Brooklyn, N. Y. 

Headquarters for all types of Registers and Grilles 

RESIDENTIAL AND COMMERCIAL 


Register shutters of different types can be furnished with all types of Register Faces 
or Grilles. 

All Register Shutters have our exclusive feature of brass collars inserted in the ends 
of the shutter to minimize rusting. 

REGISTERS FOR VENTILATION 



Style 3S70 lock type Register allows directional 
flow of 1S6 deg either right and left or up and 
down, WtU open 46 deg beyond 90 deg 


ARROWTROL SHUTTER 



The Arrowtroh line cut shown above, gives straight throw 
in connection with volume control 


FOUR- WAY DEFLECTION TO AIR FLOWS 



ISEsilIf 

T! 



J ////// /// n iji ! I \\\\\^\\^\ L 

Style 3320 Grille and HMV deflecting vane 

Front bars vertically adjustable, rear vanes 
horizontally adjustable; or Front bars hori- 
zontally adjustable, rear vanes vertically ad- 
justable. 


R & G ADJUSTABLE 
DIRECTED AIR FLOW 
TWO-WAY DEFLECTION 



Use No. 3320 Grille for adjustable 
right and left deflection. Style 
3310 has horizontal adjustable 
bars for up and down deflection. 


THE “THIN MAN” REGISTER FOR RESIDENTIAL USE 


Style 1108, shown, allows right 
and left deflection and up or 
down control at the back. 



Other designs 
of faces are 
available. 


Ask for our catalog which shows other types of air controls; also 81 different Stamped 
Metal designs and over 100 designs in Cast Metals — ^Iron, Brass or Bronze. 
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Air System Equipment 


Registers 

Grilles 


Tuttle & Bailey, Inc. 

New Britain, Conn. 

Branch Offices: New York, Chicago, Philadelphia, Houston 


Ceiling Diffusers 
Grilles, Registers and Intakes 
Air Control Devices 



Ornamental Grilles 
Cast or Wrought Metals 
Copper Convection Heaters 


iEiiw»»®»oTiEX A Truly Flush Type Ceiling Difhiser 



The Aerofuse Outlet is a perfected com- 
bination of real beauty and functional 
efficiency. Flush with the ceiling line 
and of simple attractive design it har- 
monizes unobtrusively with any style of 
interior decoration. Most important, 
however, is its superb performance. Be- 
cause of unique construction, the supply 
air is brought into contact with room air 
over the largest possible area immediately 
after leaving the outlet. This results in 
a high rate of temperature equalization 
and eliminates the possibility of drafts. 


1 Efficient Air Mixture • . . 2 Rapid Temperature 
Equalization ... 3 Complete Air Distribution . . . 
4 Total Elimination of Drafts 


COMBINATION SUPPLY AND 
RETURN UNIT 

Particularly useful in installations 
where simplification of the duct layout 
is of primary importance, since the 
return (exhaust) duct may be run to 
the same point as the supply duct in- 
stead of to a grille at some other loca- 
tion.^ The removable center section 
provides Free Area for the return or 
exhaust of at least 60 per cent of the 
supply volume. 



THE AEROFUSE OUTLET GIVES YOU BEAUTY 
PLUS FUNCTIONAL EFFICIENCY 
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Air System Equipment 


Registers 

Grilles 


Tuttle & Bailey, Inc. 

New Britain, Conn. 



ADJUSTIBLADE REGISTER 

A very inexpensive register. The air flow 
may be deflected sideways by the individu- 
ally adjustable face vanes, and up and 
down by back blades. Also available with 
Flexair design (sectionally adjustable) face. 



AIR CONDITIONING GRILLES 

Furnished in a fixed deflection (Airline 
design) and a sectionally adjustable 
(Flexair design) type with bars running 
either vertically or horizontally. 



DOUBLE CORE OUTLET 
The vertical front bars are sectionally 
adjustable for sideways deflection. The 
horizontal back bars are either sectionally 
adjustable (Flexair design) or are of fixed 
deflection (Airline design). 



Mcknight register 

Provides positive control of air volume at 
the outlet. Scientifically designed volume 
control louvers are operated by means of a 
special key furnished with each register. 


DOUBLE DEFLECTION OUTLET 
Made with front bars of fixed deflection 
(Airline design) or with front bars sec- 
tionally adjustable (Flexair design) and 
individually adjustable back blades. 

SANTROLS 

A simple device to provide positive control 
of air volume throughout an entire duct 
system and insure even distribution of air 
over entire outlet face. 



REMOTE CONTROL 
Ideal for hotels, office build- 
ings, large public buildings. 
Makes possible individual 
control of air volume by the 
mere turning of a knob in 
every room throughout the 
building. A real advance 
in air conditioning for large 
buildings, yet compara- 
tively inexpensive to install. 
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Air System Equipment 


Registers 

Grilles 


United States Register Company 

General Offices: Battle Creek, Mich,, U.S.A. 

Branches: Minneapolis, Minn , Kansas City, Mo , Albany, N. Y., New York. N. Y , 
San Francisco, Calif. 

Air Conditioning Registers, Vents and Grilles 



Style 153LF — Louver-Type Air 
Conditioning Register-Bars in. 
deep — Spaced 4 openings to the 
inch affords Non- Vision. Can be 
supplied in Directional Flow in 
either Horizontal or Vertical Bar 
Styles. Can be furnished with all 
styles of Setting Frames and with 
INSET PANELS which convenient- 
ly afford Multi-Flow. 


Style 249LF — Duo- Deflection Air Con- 
ditioning Register. Gives complete Air 
Control . V ert ical F ron t bars — Key-pin 
adjusted to provide 45 deg Right and 
Left or Two-way Side Flow. Lever 
operated Horizontal Back-valves give 
from Full Closed to any degree of Up- 
flow and to 45 deg Down-flow. FULL 
FACE COVERAGE. Can be supplied 
with any style of Setting Frame. Fits 
all Stack Heads. 




Style 256LF — Flex-bar Air Condition- 
ing Register. Vertical Front Bars set 
22 deg Right and Left. Side Flow 
Deflection attained by setting of Grille 
Bars with bending wrench to accom- 
modate room condition. Back- valves 
give same Up and Down control of air 
flow as 249LF above. FULL FACE 
COVERAGE. Can be supplied with 
any style of Setting Frame. Fits all 
Stack Heads. 


AllT'of above Styles can be supplied 
with either Lever or Individually ad- 
justed Multiple Valves or Louvers. 
1. E. 153VVI — Vertical Valves Indi- 
vidually adjusted. 145VVL — Lever 
operated Vertical Valves. 

Grilles and Vents in Matching de- 
signs are available. 

For Complete Information 
Write for Latest Catalogs. 



Style 103LF — Horizontal Lattice Perforated 
Register for Forced Air Systems. Not direc- 
tional flow. 


In Canada. United States registers, vents and grilles are manufactured and distributed by the 
CANADA REGISTER & GRILLE CO., Ltd., Toronto, Ontario 
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Air System Equipment 


Registers 

G-rilles 


Waterloo Register Company 

Waterloo, Iowa Seattle, Wash. 

Incorporated 1902 
Representatives in Principal Cities 



Supply Grille 
L-IA suitable for 
floor or w'indow- 
bench application. 
Fine mesh grille 
surface wnth fixed 
air deflection. In- 
dividually adjust- 
able rear louvres. 


Supply Grille 
S-2A with individ- 
ually adjustable 
streamlined louvres 
on inch spacing. 


Supply Grille 
S-2A complete with 
H-MLS Duo-trol 
multi-louvre 
damper. 


Return Grille 
L-2P with 3V 
vision-proof fixed 
fin arrangement. 






R-600 Forced Air 
Register provides at- 
tractive low cost design 
for housing projects. 
No directional features. 


Zeph-O-Cone Marine 
Air Diffuser diffuses high 
entrance velocities rapidly 
and quietly. Sizes for 100, 
150, 200 and 300 cfm at 
2000 fpm inlet velocity. 



FH-100 Forced Air 
Register for residen- 
tial application. Simple 
operation, quick shut- 
off. Easy to clean. 


Supply Grille FGV-75 with 
both front and rear louvres 
streamlined and individually 
adjustable. % in. blade 
spacing. 



Techni-trol Air Volume 
Damper all louvres operate 
by linkage arrangement to 
reduce air volume without 
changing direction. Lever or 
key controls. 


Multi-Plak Ceiling Outlet 

provides four-way direction 
control from each of four 
streamlined grille outlets. 
Light fixtures available on 
most models. 



No- Ve-U Door Venti- 
lator 19 gauge V-shape 
louvres provide 
strength and are sight- 
proof. Either station- 
ary or adjustable 
louvres. Specify door 
thickness IJ^ in., 1^ 
in. or in. (at right). 


Weather-Proof Louvre 
with replaceable screen, 
size 8 X 10, recommended 
for ventilation of attic and 
spaces under porches or 
buildings. 


Engineering Data for horizontal diffusion of cool air 
is available for selection of proper velocities, number and size of outlets. 

All products made of steel receive Parker “Bonderizing” process prior to painting. 
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Air System Equipment 


Sheet Metal and 
Tubular Products 


The American Rolling Mill Company 


Executive Offices, 


A.TLANTA) Ga. 

1437 Citizens & Southern Natl. Bank Bldg. 

Berkeley, Calif Seventh and Parker Sts. 

Boston, Mass 201 Devonshire St. 

Buffalo, N. Y „504 Seventeen Court St. Bldg. 

Cincinnati, Ohio 24 Cooper Bldg., Hyde Park 

Chattanooga, Tenn„ 712 Chattanooga Bank Bldg. 

Chicago, III -.310 S. Michigan Bldg. 

Cleveland, Ohio 1516 B. F. Keith Bldg. 

Columbus, Ohio 1020 Atlas Bldg. 

Dallas, Texas 1111 Santa Fe Bldg. 

Dayton, Ohio 506 Mutual Home Bldg. 

Des Moines, Iowa 703 Old Colony Bldg. 

Detroit, Mich 5-261 General Motors Bldg. 


Middletown, Ohio 

Indianapolis, Ind 1106 Fletcher Trust Bldg. 

Kansas City, Mo 7100 Roberta St. 

Los Angeles, Calif 331 Petroleum Bldg. 

Middletown, Ohio 703 Curtis St. 

Milwaukee, Wis., 

627 First Wisconsin National Bank Bldg, 

Minneapolis, Minn 171~27th Ave., S. E. 

New Orleans, La 3501 S. Carrollton Ave. 

New York, N. Y 120 Broadway 

Philadelphia, Pa 1808 Lmcoln-Liberty Bldg. 

Pittsburgh, Pa 1627 Oliver Bldg. 

Richmond, Va 1308 State-Planters Bank Bldg. 

St. Louis, Mo 1725 Ambassador Bldg. 



Choose the Correct Armco Grade 

These grades of Armco sheet metal are recommended for the 
air conditioning applications shown . F or detailed information 
get in touch with the nearest district office or write direct to 
The American Rolling Mill Company, Middletown, Ohio. 


Armco Ingot Iron 

(Galvanized) 

Ducts 

Washer Chambers 
Plenum Chambers 
Steam Line Casings 
Furnace Casings 
Spray Towers 
Drip Pans 
Housings 
Machine Guards 
Unit Conditioners 
Roof Ventilators 
Eliminator Blades 

Armco PAINTGRIP 

(Galvanized) 

Recommended for all galvanized sheet 
applications where the immediate beauty 
and extra protection of paint is desired. 
Write us for a /fee scratch sample. 

Hot Rolled 

(Sheets and Strip) 

Fan Blades 
Blower Casings 
Fuel Oil Tanks 
Unit Conditioners 
Stoker Hoppers 

Armco ZINCGRIP 

A special galvanized sheet that can be 
severely formed without peeling or flaking 
of the tightly adherent zinc coating. 


Cold Rolled 

(Sheets and Strip) 

Furnace Casings 

Room Unit Casings 

Plates 

(Armco ingot iron) 

Smoke Stacks 
Coal Hoppers 
Breeching 

Unfired Pressure Vessels 
Low-fired Boilers 
Tanks 

Armco High Tensile 

A low alloy, high tensile steel possessing 
great strength. Used with proper design 
it results in weight reduction of frame- 
work, tanks and similar items. Under 
atmospheric service conditions it has four 
to six times the endurance of regular steel. 

Stainless Steel 

(Sheets, Strip and Plate) 
Combustion Chambers 
Heat Flues and Tubes 
Humidifier Pans 
Pre-heaters 

Furnace Parts and Supports 
Fan and Blower Blades 

Special grades have excellent resistance 
to destructive heat-scaling up to 2000 F. 


Other Armco Products 

The grades for these applications are only a few that Armco makes. Others include 
copper-bearing sheets and plates and open-hearth steel, either galvanized or uncoated. 
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Air System Equipment 


Sheet Metal and 
Tubular Products 


Bethlehem Steel Company 

General Offices: Bethlehem, Pa. 

Bethlehem Steel Company, General Offices: Bethlehem, Pa. District Offices: Akron, Albany, 
Atlanta, Baltimore, Boston, Buffalo, Chattanooga, Chicago, Cincinnati, Cleveland, Columbus, 
Dallas, Detroit, Honolulu, Houston, Indianapolis, Johnstown, Pa., Kansas City, Mo., Los 
Angeles, Milwaukee, New Haven, New Orleans, New York, Philadelphia, Pittsburgh, Portland, 
Ore., St. Louis, St. Paul, Salt Lake City, San Antonio, San Francisco, Savannah, Seattle, Spring- 
field, Mass., Syracuse, Toledo, Tulsa, Washington, Wilkes-Barre, York. Export Distributors: 
Bethlehem Steel Export Corporation, New York. 


COPPER-BEARING BETH-CU-LOY 
FOR RUST RESISTANCE 


The charts at the right show conclusively 
the superior rust resistance of copper- 
bearing steel. Sheets of the same com- 
position as Beth-Cu-Loy, Bethlehem’s 
copper-bearing steel, outlasted ordinary 
iron and steel by a wide margin when 
exposed to atmospheric corrosion. 

Beth-Cu-Loy, available in the form of 
sheets, pipe and plates, offers 2 to 3 times 
longer life as indicated by these three 
corrosion tests — ^and Beth-Cu-Loy costs 
only 3 to 5 per cent more than ordinary 
steel, much less than open-hearth or copper- 
bearing iron. 

Heating, ventilating and air conditioning 
engineers, architects and contractors are 
finding it pays to specify Beth-Cu-Loy 
wherever moisture or corrosion is a factor, 
Beth-Cu-Loy sheets are easily workable, 
durable and low in cost. 

BETHLEHEM MAKES: 

Sheet Steel — all grades, hot-rolled 
(black), cold-rolled, and galvanized — 
available in Beth-Cu-Loy. 

Steel Pipe — In sizes up to 3 inches, now 
made by the Continuous-Weld Process and 
sold under the trade name Beth-Co-Weld. 

Ammonoduct — new kind of pipe 
that has an outstanding advantage in its 
unusual ductility. It can be bent cold, 
without need for annealing, without danger 
of fracturing. Recommended for ammonia 
piping and for heater coils, water legs in 
furnaces and similar uses where pipe must 
be bent. 

Boiler Tubes — Charcoal iron and steel. 

Plates — all sizes; flanged and dished 
heads. Available in Beth-Cu-Loy. 

Literature and further information on 
any of these products can be secured from 
the nearest district office or from the 
general offices in Bethlehem, Pa, 


A.S.T.M. Test of 22-gage black sheets 
Years to average first failure of 4 materials 



Sheets exposed April 21, 1926; tests still under 
way (see Proceedings of A.S.T.M . — Committee 
A-5, Vol. 38). 

*No failures in copper-bearing steel sheets at 
last report. 



Sheets exposed April 19, 1917; test discontinued 
April 16, 1928 Proceedings of A,S,TM , — 
Committee A-6, Vol. 28). 

♦Only 10 of 61 copper-bearing steel sheets had 
failed when test was discontinued. 
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Copper-bearing Steel 
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Sheets exposed October 17, 1916; tests still imder 
way (see Proceedings of A.S.T.M . — Committee 
A-5, Vol. 38). 

*Onlv 9 of 78 copper-bearing steel sheets had 
failed at last report. 

A booklet “Beth-Cu-Loy Sheets,” gives the story 
of these tests. A copy is yours for the asking. 
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Air System Equipment 


Sheet Metal and 
Tubular Products 


Jones & Laughlin Steel Corporation 

AMERICAN IRON AND STEEL WORKS 

Jones & Laughlin Building, Pittsburgh, Pa. 


WELDED and SEAMLESS STEEL TUBULAR PRODUCTS 

J & L Welded Pipe Ductility, strength and safety— 

make this product especially adapt- 
Jones & Laughlin manufactures able for air, steam, gas and gasoline 

Standard Weight, Extra Strong, and lines, boilers, refineries, dry kilns. 

Double Extra Strong Welded Pipe, refrigerating systems and other 

Black and Galvanized, for steam, exacting applications, 

gas, air, water, refrigeration and 

sprinkler work. Sizes: Vs in. to 16 in. j & L Hot Rolled Seamless 

J & L Copper-bearing Steel Pipe, when Steel Boiler Tubes 

specified, can be supplied in standard J & L Seamless Boiler Tubes are manu- 
weight, or extra strong, black or gal- factured in accordance with the 
vanized. Use of this product is recom- BoilerCodeandcomply with the^.5.r.M. 

mended for long life, where piping is to be Specifications and the rules and regulations 

exposed to the atmosphere or other of the Bureau of Marine Inspection and 

alternate wet and dry conditions. Navigation of the U. S. Department of 

Jones & Laughlin Steel Pipe is made of Commerce. They are supplied in a full 

soft, weldable steel rolled from solid ingots range of standard sizes, from 1 in. O.D. 

made to a special analysis. The steel pipe to 6 in. O.D. inclusive, 
produced is soft and ductile, free cutting, The process by which Jones & Laughlin 
strong at the welds, and free from excess manufactures seamless boiler tubes is 
scale. J & L Pipe is commercially straight largely responsible for the unusually high 
and free from blisters, cracks or other ductility of the product. It is a process in 
injurious defects. which a forging action is predominant, 

Careful attention is given the threading and produces a desirable combination of 
of the pipe with good clean-cut threads strength with a highly ductile nature, 
fitted with sound couplings correctly tap- J & L tubes therefore are installed with 
ped to give a tight joint. Soft, ductile steel ease and safety, 

of free cutting quality enables the con- t o t i ^ 

tractor to cut clean, sound threads on Other J & L TubuIar Products 
the job. J & L also manufactures Reamed and 

The Jones & Laughlin process of gal- Drifted Pipe in sizes 1 in. to 6 in. inclusive, 

vanizing assures a thorough coating and Dry Kiln Pipe, Pipe for Refrigeration 

insures against pipe being clogged with Service, Water Well and Irrigation Casing, 

spelter. The galvanized coating adheres Line Pipe and a complete line of Oil 

strongly and does not tend to flake off. Country Tubular Products in welded and 

seamless. 

J & L Seamless Pipe j & l Flat Galvanized Sheets for 

J & L Seamless Pipe is made in three Air Conditioning and 

weights; standard, extra strong and Ventilating Work 

double extra strong. Sizes: H in, nominal Pipes, ducts, stacks and trunk lines 
to 14 in. O.D. inclusive. made of J. & L Flat Galvanized Sheets 

J & L Seamless Steel Pipe is pierced give a lasting, neat looking job. These 

from a solid billet — there are no welds, sheets have a tight galvanized coating that 

The result is dependable and uniform wall will not spall or flake off during forming 

strength. The method of manufacture, operations. J & L Flat Galvanized Sheets 

and the use of only specially selected steel, provide uniform resistance to corrosion, 

assure exceptional ductility, a quality that The superior quality of J & L Galvanized 

is essential to successful coiling and bend- Sheet Products is assured in every ship- 

ing, and flanging for Van Stone joints. ment, because J & L’s 96-inch Continuous 
J & L Seamless Pipe can be used with Strip Mill, where J & L Galvanized Sheets 

full satisfaction in either threaded joint are rolled under rigid control, is one of the 

or completely welded installations. most modern in the world. 
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Air System Equipment • sheet Metals 


United States Steel Corporation Subsidiaries 

Carnegie- Illinois Steel Corporation, Pittsburgh and Chicago 
Columbia Steel Company, San Francisco 
Tennessee Coal, Iron & Railroad Company, Birmingham 
United States Steel Export Company, New York 

District Offices in all Principal Cities 


USS COPPER STEEL 

For Superior Rust Resistance at Low Cost 


Corrosion resistance and cost are two 
determining factors of the type of metal to 
be used for various air conditioning jobs. 

Copper Steel has 2 to 3 times the atmos- 
pheric corrosion resistance of plain steel or 
ure iron as shown in the results of un- 
iased tests made at Pittsburgh, Ft. 
Sheridan and Annapolis by the American 
Society for Testing Metals. 

The cost of U-S’S Copper Steel is less 
than that of pure iron or copper-bearing 
pure iron and only slightly more than plain 
steel. Thus there often is a dividend of 
200 per cent to 300 per cent longer life and 
a saving in the first cost as well. 

When galvanized, U*S*S Copper Steel 
produces a sheet that is rust resistant all 
the way through — not just on the surface. 
It should be used for all ducts carrying 
humidified air or placed in damp locations 
such as basements, shower rooms, etc. 

U S S PAINTBOND 

U’S'S Paintbond should be used 
whenever galvanized steel is to be painted. 
This special Bonderized sheet can be 
painted immediately, offers a much better 
surface for painting, lessens danger of the 
paint flaking and retards corrosion. It is 
used for ductwork, furnace housings and 
outdoor metal work. 

USS DUL-KOTE 

U*S*S Dul-Kote is a specially treated 
non-spangled galvanized sheet which also 
can be painted immediately without ageing 
or otherwise preparing the surface. It is 
available in the South and in the West. 



Corrosion test of A.S.TM. on gage 
black sheets exposed at Annapolis, Md., 
October, 1916. The copper steel sheets 
outlasted all others in the test. 

OTHER U S S PRODUCTS 
INCLUDE: 

Black Sheets — All grades, hot rolled, 
cold rolled in a number of different 
finishes. 

Stainless — Heat resisting steel for 
various uses where temperatures are high 
and corrosion severe. 

Cor-Ten — High Tensile steel — greater 
strength, greater atmospheric corrosion 
resistance for smokestacks, hoods, etc. 
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Efficient performance of the Air Conditioning 
apparatus and Air System Equipment shown 
in the two preceding sub-divisions is dependent 
upon proper adjustment and control. For 
these purposes there aure many types of instru- 
ments for testing euid adjusting the apparatus, 
and devices for control of its operation. 

The functions and methods of using controls 
and instruments eire described in Chapters 34 
and 35 of the Technical Data Section. In the 
following sub-division of the Catalog Data 
Section — Controls and Instruments — these 
devices eure illustrated and described, and 
factual data given by the mcuiufacturers. 

Following the data on Controls and Instru- 
ments is a sub-division on Steam and Hot 
Water Heating Systems, including the many 
parts required to make up the complete sys- 
tems. This type of appsu'atus too, requires test- 
ing, adjusting, auid control; many of the same 
devices used with ^ur systems are also suitable 
for use with steeun and hot water s3rstems. 



CONTROLS AND INSTRUMENTS 


• 

Automatic controls form an essential part of modern heating, ventilating 
and air conditioning equipment, and for the refrigerating equipment which 
performs important functions in many air conditioning operations. Their 
use makes possible accurate maintenance of desired physical conditions, with 
an operating efficiency and economy which are not obtainable with manually 
operated controls. 

Instruments of many types and for many uses are available for determining 
the capacity and operating efficiency of apparatus. These instruments are 
designed to obtain results in conformity with adopted test methods and 
operating standards. 

CONTROLS (p. 988-1013) 

Thermostats — room, immersion, insertion and surface types; humidity controls, 
pressure controllers, damper motors, control valves, solenoid valves, relays, etc. 

For control of air, gases, temperatures, humidity and liquids; for automatic fuel 
burning apparatus; for all types of heating, ventilating and air conditioning apparatus 
operating as separate units, or as integral parts of central systems. 

The various types of automatic controls include electric, pnuematic, and self- 
contained control systems — two-position, or on-and-off, and the modulating or graduated 
control. They are adaptable for individual room control, or for zone control in large 
buildings, and also for industrial process control. 

Technical data on automatic controls will be found in Chapter 34. 

INSTRUMENTS (p. 988-1013) 

For measuring, indicating and recording air velocity, temperature, humidity, pressure, 
flow and liquid levels; and for testing and rating heating, ventilating and air con- 
ditioning equipment. 

They include gauges, meters, recorders and indicators, hygrometers, pyrometers, 
psychrometers, thermometers, velometers. 

Technical data on instruments is contained in Chapter 35. 


Manufacturer's products shown in this division are designed for specific applications. 
Consult the Index to Modem Equipment for additional products of these manufacturers. 
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Controls and Instruments 



Alco Valve Company 

ENGINEERED REFRIGERANT CONTROLS 

2638 Big Bend Blvd., St. Louis, Mo. 


New York Office: 381 Fourth Ave 


Chicago Office* 433 East Erie St. 


A complete line of Engineered Refrigerant Controls 


THERMO 

EXPANSION 

VALVES 

For automatic control of 
liquid refrigerant on all 
types of air conditioning 
and refrigeration systems. 



Type TK 



Type TJL 



Type TIIL 


CAPACITIES — From fractional tonnage to 100 tons Methyl Chloride, 50 tons Freon-12. 


MAGNETIC STOP VALVES 


For all types of service 

Magnetic Liquid 
Stop Valves 

Freon — up to 75 tons, Methyl 
Chloride — up to 150 tons. 

Magnetic Suction 
Stop Valves 

Freon — up to 1 or 8.8 tons 
Methyl Chloride — up to 1 
or 17 tons 



Type SI Type MH 



Type R2 


AMMONIA CONTROLS 

Magnetic Liquid Stop Valves — 
up to 172 tons. 

Magnetic Suction Stop Valves— 
up to \y 2 " or 28 tons. 

Thermo Expansion Valves — 

from fractional tonnage to 60 tons. 



Type M5 



EVAPORATOR 

PRESSURE 

REGULATORS 

For Freon, Methyl 
Chloride and Am- 
monia, with port sizes 
up to 2 in., and a wide 
variety of connection 
sizes. 



ALCO also offers Magnetic Stop Valves 
for brine, water, gas, air and steam ; 
specially designed Magnetic Compressor 
Discharge Valves and Magnetic Pilot 
Check Suction Stop Valves (for lines 
subject to reverse Flow). 

In addition, the Alco line of Engi- 
neered Refrigerant Controls includes Float 
Valves, Float Switches, High Pressure 
Float Valves, Constant Pressure Ex- 
pansion Valves and liquid and suction 
line Filters. 
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flUTOmOTK PRODUCTS (OUlPflDY 


2450 nORTH 

miLuinuKct 



S-ECOnP STR££T 

uiisconsin 


A-P DEPENDABLE CONTROLS 

For Heating, Refrigeration and Air Conditioning 


9:: 


• A-P Therm- 
ostatic Expan- 
sion Valves. 

Several models 
and sizes, for ca- 
pacities up to 16 
tons Freon or 32 
tons Methyl 
Chloride. 



A-P Solenoid* 
Operated 
Water Valve. 

Made especially 
for Deep Well 
Cooling. 


A-P Thermostats. 
For Cooling or Heating 




• A-PSolenoid 
Refrigerant 
Valves. Capa- 
cities up to 60 
tons Freon. 



A-P Water • 
Regulating 
Valves. Capaci- 
ties up to 1440 
Gallons per hour. 


A-P “Trap-It.” 

Traps dirt, scale, moisture in refrigeration systems. 



A-P Controls for Oil Burning, Gravity-Feed Heating Plants. 



A-P Constant Level 
Oil Control Valve — 
With Fuel Compensator. 
Used on Gravity Oil 
Burning Appliances. 



A-P Complete Fur- 
nace Control Set — 
Made in variety of types 
for Gravity-Feed Oil 
Burning Furnaces. 



A-P Fuel Oil “Trap- 
It” — Traps dirt and 
water in fuel systems. 
Improves operation of 
all oil burning devices. 


A-P Valve DEPENDABILITY 

is widely recognized in Refrigeration, Air Conditioning and Heating. This 
reputation is bom of close adherence to a rigid standard of perfection — in 
materials used, careful testing and inspection, simplicity of construction, and 
many unusual features. 


989 












Controls and Instruments 


Barber-Colman Company 

Rockford, Illinois 

Automatic Control Systems for Heating, Ventilating, Air Conditioning 


Room Type 
Microtherm 


Room 

Thermostat 



Hygrostat 



Duct Thermostat 



Motor-operated 
ShtU-off Valve 



Pmt^iwintvalve dance with outdoor temperatures. 

Write for descriptive literature. 

LISTED AS STANDARD BY 
UNDERWRITERS LABORATORIES 

{See also Page 971) 


Barber-Colman Controls are all electric; pre- 
cision built to insure long, continuous and 
dependable service; easy to install in either new 
or existing buildings; and ready for instant 
service, even after long shut-down periods. 

Thermostats. All types — room, duct, immer- 
sion, air stream and remote bulb. For 2-position, 
floating, and proportioning control. 

Hygrostats. Room and duct types. 

Motor- Operated Valves. Packless, packed 
single-seat, pilot piston, V-ported, balanced, 
3- way, and butterfly. For 2-position, floating, or 
proportioning control. Also Solenoid Valves for 
air, oil, water and gas. Motor-operated valves are 
powered with Barcol motors which have only one 
moving part and require no attention except oiling; 
oil submerged operators require no attention. 

Control Motors. Uni-directional, or reversible 
fixed or ad j ustable speed . F or 2-position , floating 
or proportioning operation of dampers in heating, 
ventilating or air conditioning applications. (M 
submerged models have the motor and gear train 
entirely submerged in oil. 

Program Switches. Automatic contact making 
mechanism for multi-compressor control or similar 
applications. 

Econostat (not illustrated), a complete self- 
contained thermostatic unit for automatic regu- 
lation of the heat supplied to a building in accor- 




Stall Type Control Motor 


Program Smtch 
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Heavy DtUy Industrial Type 
Control Motor 
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Julien P. Friez & Sons 


(Division of Bendix Aviation Corporation) 


Baltimore 

Established 



Maryland 

in 1876 


Manufacturers of a Complete Line of Automatic Electric Controls for 
Industrial and Comfort Applications. Also a Complete Range of Recording 
and Accurate Measuring Instruments for Indoor and Outdoor Applications 


I 


Humidstat — accurate for 
long periods and over com- 
plete range: double length 
human hair element. Bulle- 
tin AA. 

Thermostat — sensitive, 
accurate for highest grade 
( I work. Bulletin TT. 

M||^l f Comfortrol — effective 
temperature Thermostat re- 
setting itself as prevailing humidity varies, 
using human hair compensating element. 
Exclusive. Bulletin E. 


Hand Aspirated Psy- 
chrometer — replacing 
‘slings’ j no whirling; re- 
liable, immediate reading; 
thermometers perfectly ^ 
ventilated by typical air, in- 
duced by venturi action with 
hand operated bellows. Ex- 
clusive. Bulletin S. 



Remote Reading Temperature and 
Humidity Recorder — Electrically opera- 
ted; humidity uniquely recorded from 
distant location directly in percent rela- 
tive. Exclusive. Bulletin R. 



perature varies. 


Windo wsta t — 
placed at window in- 
doors, positively pre- 
venting condensation 
from excess humidity. 
Controls humidity sup- 
ply just below critical 
point as outdoor tem- 
Exclusive. Bulletin W. 


Portable-Recorder — 
for surveys or tests of 
humidity and tempera- 
ture. Inked records on 
charts the size of filing 
cards (3^^ x 5"). Exclusive, 
Bulletin G. 




Microstat — Small sized ther- 
mostat, featuring powerful 
Alnico magnets. Though priced 
with the lowest, unsurpassed for 
accuracy and fine appearance. 
Bulletin TM. 


Magnetic Gas Valve — 

New principle, free floating 
disc, no diaphragm; quiet, 
durable; range of sizes; low 
priced, low voltage, espe- 
cially suited for control by 
Microstat pictured above. 

Exclusive. Bulletin VG. 

Hydraulic Action 
A complete and proven line of 
controls for warm air, hot water 
and steam systems, industrial 
ovens, space heating, air con- 
ditioning and refrigeration. Per- 
manently accurate, rugged, at 
competitive prices. Bulletins 
GR, LG and TS and Data 
Sheet 225. 




Write for Bulletins 

MODERN ADVANGED GONTROLS FOR MODERN NEEDS 
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Detroit Lubricator Company 

Detroit, Michigan, U. S. A. 

New York, N. Y., 40 West 40th Street 

Chicago, III., 816 S. Michigan Avenue Los Angeles, Calif., 320 Crocker Street 
Canadian Representative: 

Railway and Engineering Specialties Limited, Montreal, Toronto, Winnipeg 


Dura-Fram Expansion Valves 

“Detroit" Expan- 
sion Valves are used 
in the liquid lines to 
evaporator coils of 
refrigeration and air 
conditioning installa- 
tions. They operate 
at variable back pres- 
sures to keep them 
completely refriger- 
ated regardless of the 
variations in load. 
Power elements are 
charged with gas at a 
definite pressure in- 
stead of a liquid. By this means the valves 
remain tightly closed whenever the suction 
pressure rises above a specified point, re- 
gardless of the tem- 
perature of the ther- 
mostatic bulb. This 
prevents overloading 
the motor when start- 
ing up a warm system 
or when operating 
under excessive tem- 
perature conditions. 

Also provides instant 
action with no tem- 
perature lag. Capaci- 
ties range from^ ton 
to 30 tons with Freon. 

Detroit Solenoid Valves 

Detroit Solenoid 
Valves control re- 
frigerants, water or 
gas. They are 
available in the 
following orifice 
sizes: in., ^ in., 

% in., % in., in., 
% in. — and in ca- 
pacities up to 17 
tons Freon at a 2 lb 
pressure drop. 

Other Controls 

This Company can also supply a full line 
of Boiler and Furnace Limit Controls — 
Room Thermostats for both heating and 
cooling — Fan controls — Humidity and 
Stoker Controls and Convector Valves for 
concealed radiators. 


No. 450 Series 
Refrigeration 
Controls 

Supplied in several 
models for various 
refrigeration and air 
conditioning re- 
quirements. Line 
voltage type. 
Model FB-3 con- 
trols refrigeration 
compressor from 
pressure changes 
in the suction line. 
Model FI BA has, 
in addition, a high pressure cutout, which 
stops the compressor if high side pressures 
become excessive. Other models control 
from temperature changes. Range of either 
—40 deg. to plus 25 deg. or —5 deg. to 
plus 60 deg. is available. 

Other features include alarm circuit, 
external “cold control," and high pressure 
cut-in for meat box applications, which 
prevents long “off" cycles and guards 
against “slimy meat” in cold weather. 


The New No. 411 Room 
Thermostat 

The “Genuine Detroit” No. 
411 is a very sensitive room 
therniostat for heating and is 
supplied with or without com- 
pensation (pre-heater). With 
cornpensation it provides 
straight line temperature con- 
trol, eliminates “cold 70" and 
prevents costly overheating. 


Balancing Fittings for Circulated 
Hot Water 

With “Genuine 
Detroit" Balancing 
Elbows and Straight 
Way Fittings on 
each radiator return 
the entire system 
can be accurately 
balanced after it is 
all tightened up and 
in operation — it is 
done with the turn of a screw driver and 
without breaking a single joint. 
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Detroit Lubricator Company 


Controls and Instruments 


■ff^] 


IDEAL FAST- VENTING SYSTEM 
For Automatically Fired One-Pipe Steam Jobs 

An automatic, oil, gas or coal burner operates on a pronounced on and off cycle. There- 
fore, on automatically fired one-pipe steam jobs, all venting and all heating must be 
^ ^ ^ accomplished during the limited on period — ^the venting first. 

The time factor in venting is of utmost importance, especially 
when using the compensated or preheater” type thermostat 
which causes heating cycles even shorter. 

About four years ago, the Detroit Lubricator Company 
brought out the Ideal Fast-Venting System which consists of 
No. 300 Multiport for radiators and the No. 861 Hurivent for 
mains which have very large ports, and allow both radiators 
and mains to vent in only a small fraction of the time needed 
when conventional valves are used. 

Experience has demonstrated the outstanding advantages of 
large port fast venting for automatically fired one-pipe steam 
systems. The more important of these advantages are: 

1. Quicker response to the thermostat’s call for heat. 

2. System balance — all radiators heat up simultaneously. 

3. Definite elimination of cold rooms. 

New No. 300 Multiport 4. Material reduction in fuel costs. 



The New 300 Multiport 


With the principle of large port fast-venting definitely proven, Detroit engineers have 
taken the next logical step in the progress of fast-venting. A step that carries this 
practice to the full limit of its possibilities. They have redesigned the No. 300 Multiport 
adding several new and very valuable features. 


The new No. 300 Arco-Detroit Multiport has a venting capacity even 
greater than the old No. 300, a greater range of adjustment, and permits 
even, fast heat delivery as the burner comes on. 

Boiler pressure, in nearly all cases, need never exceed a few 
ounces — still further reducing firing cycle and fuel cost. Recommended 
only for automatically fired systems controlled to a maximum operating 
pressure of 3 lb. 

Other Important Changes 

1. Minimum venting rate is automatically controlled which makes it possible to secure 
the absolute minimum venting rate for oversized radiators or radiators very near 
the boiler. 

2. A siphon tongue replaces the old siphon tube so that the new valve can be used on 
thin radiation without the siphon conflicting with the wall opposite the connection, 

3. Together with a simple adapter, the new valve can be used on installations which 
otherwise would require a straight shank valve. 

4. Dealers and contractors stock only one model, that illustrated herewith. 

5. New Inner-shell construction prevents both noise and spitting. 

6. Size reduced and more pleasingly styled. 



No. 861 Arco-Detroit Hurivent for Mains 


In order to take full advantage of fast- 
venting, large port vent valves are neces- 
sary to vent the mains at the same time air 
valves are venting risers and radiators. 
The No. 861 has a full in. port and has for 
the past several years proved its marked 
efficiency — the No. 861 will vent more than 
260 ft of two-inch main in the short period 
of 60 seconds at only 4 ounces of pressure. 

In addition, the Detroit line includes the 


new No. 5000 Airid Variport, an adjust- 
able large port valve for installations 
operating at more than 3 lb. pressure; the 
No. 500 Airid, an inexpensive non-adjust- 
able air valve; and the No. 841 Ideal Quick 
Vent for mains. For a vacuum operated 
hand fired coal job there is the No. 510 
Vac-Airid, an air valve, and the No. 862 
Vac-Hurivent, and the No. 842 Ideal Vac- 
Vent, both for the mains. 
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The Fulton Sylphon Company 

Manufacturers of Sylphon Automatic Temperature Controlling 
Instruments and Packless Expansion Joints 


Sales Representatives 
in Principal Cities 



HOT WATER SUPPLY 
No. 923 Temperature Regu- 
lator — For controlling water 
temperature in heaters, open or 

closed tanks and other equip- 
ment. Operation unaffected 
by temperature fluctuations 
at the valve, either above or 
below bulb temperature. All 
parts, except steel adjustment 
spring, made of non-ferrous 
metals. May be installed in 
any position. Ranges from 40 
F to -330 F. 
Regulator Bulletin HVG-20. 

Sylphon Thermostatic Water Mixers 
Utilize hot water from any storage tank 
or instantaneous heater, and effectively 
regulate the 
amount of 
cold water 
required to 
temper it to 
the desired 
degree, actu- 
ally mixing 
' the hot and 
cold water to- 
gether before 
delivery. 
Temperature 
remains con- 
stant in spite 
of fluctua- 
tions in supply water temperatures or 
pressures. 

Four sizes with capacities ranging from 
5 to 131 gpm. Bulletin HVG-40. 
a REFRIGERATION 

" CONTROLS 

mm Adaptable wherever brine is 
used as the refrigerant. Latest 
development is a “freeze-proof” 
valve (illustrated at left on the 
No. 945--Z popular Sylphon No. 945-Z Reg- 
Reguiator ulator). Bulletin HVG-20. 
PACKLESS 
EXPANSION JOINTS 
^ The Sylphon Packless Expan- 
sion Joint eliminates useless 
building height, expensive con- 
struction and non-revenue pro- 
ducing space. No costly leaks 
and repairs, no repacking, always 
tight, allows heating system to 
operate at full efficiency. Write Expansion 
for Bulletin HVG-140, 




No. 902 Sylphon Thermostatic 
Water Mixer — H to ISl gpm 
depending on water pressure 


Knoxville, Tenn. 


SPACE HEATING CONTROL 
No. 885 Automatic Radiator 
Valve — For exposed radiation. 
Small, neat, finely finished, adjust- 
able to room temperature desired. Simply 
replace ordinary radiator valves with these 
Sylphon Automatic Regulators— no wiring, 
piping or auxiliary equipment are required. 
These valves answer the demand for an 
inexpensive means of providing accurate, 
dependable space temperature control in 
, rooms, sections or through- 

out large buildings, new or 
’flp old. Similar type valves for 
Sylphon No. 885 concealed radiation — get 
Automatic Radi- Bulletin HVG-80. 
ator Valve 


No. 890 Electric Radiator Control 
Valve — For either exposed or concealed 
radiation. Similar in appearance and 
action to Sylphon Automatic Valves, but 
operated by an electric wall thermostat. 
The closing of the thermostat circuit ener- 
gizes a low voltage electric 
heater coil surrounding a 
bulb containing a volatile 
liquid. This liquid expan- 
sion causes pressure on a 
bellows in the valve head Sylphon No. 
operating the valve. This S90 Electric 
provides radiator valve con- Valve 

trol from a remote location, permits regu- 
lation of several radiators from a single 
thermostat, enables a time switch to be 
installed, if desired, offers effective zone 
control of large areas at a fraction of the 
cost of conventional motor-operated valve 
systems. Bulletin HVG-70. 
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No. 7 Temperature Control — A self- 
contained, self-powered regulator for con- 
trolling unit heaters, wall or ceiling type 

— ^ radiators, heating coils 

in duct-type heating 
systems, etc. Quickly 
installed, holds tem- 
peratures within close 
limits. Valve placed 
in steam line to one or 
a battery of heaters, 
thermostat mounted on wall or column. 
For use on regular heating pressures up 
to 15 lb. Similar regulators. Nos. 7-2 and 
7-3 for 50 and 75 lb pressure and tem- 
peratures up to 170 F. Bulletin HVG-50. 



Sylphon No. 7 
Temperature Control 
(JSelf-oPerattng) 




The Fulton Sylphon Company 


Controls and Instruments 


HEATING AND AIR CONDITIONING CONTROL 


Almost any type of heating, ventilating 
or air conditioning system can be advan- 
tageously controlled wholly or in part by 
Sylphon Regulators. Basic advantages of 
Sylphon Controls are: 

Modulating — Maintains ideal conditions 
— not continually correcting too hot, too 
cold, too humid or too dry conditions. 

Compensating — Many Sylphon Regu- 
lators offer compensating control, auto- 
matically raising their low limit setting at 


a predetermined rate as outside tempera- 
tures fall. 

Sensitive — Close operating temperature 
differentials. Quick response. 

Simple — in design. 

Rugged Construction — To give years of 
satisfactory service. 

Adaptable — ^Any one of many combina- 
tions of Sylphon Instruments can be ar- 
ranged to control any air conditioning sys- 
tem and to provide exactly the conditions 
desired. Write for Bulletin SA C — 8W. 



The No, 928-G Regulator — Simple, compact yet 
highly sensitive. Suitable for modulating control of air 
temperatures in ducts. Bulb is constructed of numerous 
coils of copper tubing giving sensitivity to the slightest 
temperature variation. Packless valve eliminates service 
problem and makes this re^lator ideal for installation 
in inaccessible locations. Suitable for steam pressures 
up to 15 lb; other types available for pressures up to 75 lb. 


The No. 928-ECC Sylphon Instrument— Room 
control and low-limit control in a single valve regulator 
for modulating control of ventilating systems. Main 
control from an electric room thermostat operating 
through the electric head “ E” on the valve. Low-limit 
control by Bulb “A” located in discharge duct from the 
heater. Bulb '‘D”, located in inlet side of the duct to the heater, compensates Bulb 
“A”. Compensating thermostat can be furnished to raise low-limit setting at predeter- 
mined rate with falling outside temperature. Suitable for steam ’pressures up to 15 lb. 


Sylphon No. 971 Differential Regulator — For con- 
trolling room temperature on the cooling cycle, where 
chilled water or brine is used as cooling medium and 
where it is desired to have a gradual increase in room 
temperature as outside temperature increases. This 
regulator is modulating in action, thereby affords better 
control over humidity than is procured when usual on- 
and-off type control is employed. 



Regulator 971 



Instrument 9S8~BCC 


The Sylphon No. 889-G Gontrol — A modulating, 
dual-function regulator for control of duct heating and 
ventilating systems — two independent valves in a single 
body. 

Adjustable Thermostat “A” governing Valve “E” 
functions to maintain room temperature from tempera- 
ture of recirculated air. Adjustable Thermostat “B” 
acts as a low-limit ductstat controlling Valve “F” to 
maintain minimum discharge air temperature. Bulb ‘^D'^ compensates Bulb '‘B” to 
maintain even discharge air temperature irrespective of demand. Compensated Therm- 
ostat ^*B” can also be furnished to raise its setting at a predetermined rate with falling 
fresh air temperatures, if desired. Suitable for steam pressures up to 15 lb. 



Control 889~C 


Sylphon No. 371 Positive Type Damper Motor — On-and-off control of dampers. 
Operation controlled by room thermostat, by hand- 
operated switch, by motor starting switch, etc. Ad- 
vantages include: (a) motor returns to clos^ or safety 
position in event of current failure; (b) heat-motor bulb 
and motor separate enhances convenience of installa- 
tion; (c) damper motor lever adjustable; (d) positive, 

powerful operation. Damper Motor $71 
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GENERAL ELECTRIC COMPANY 


SCHENECTADY, N. Y. 


Sales Offices, Warehouses, Service Shops and Distributors in Principal Cities 
For Code Wire, Conduit Products, Wiring Devices, Insulating Materials, etc., 
Address— APPLIANCE AND MERCHANDISE DEPARTMENT, BRIDGEPORT, CONN. 



GENERAL ELECTRIC CONDITIONING CONTROLS 

G-E ROOM THERMOSTAT . . . GR7865-Z 

The CR7865-Z group of instruments offers a complete line of 
room thermostats for heating and cooling service. These high- 
grade instruments, embodying all modern features for comfort or 
process temperature control, have been styled to present a 
pleasing appearance in any surrounding. 

For additional information ask for Bulletin 8961, Page 101. 

APPLICATIONS* 1. Control of domestic or commercial heating equip- 
ment, when used with suitable relays or combustion controls. 2. Control of 
cooling equipment, when used with suitable relays or magnetic switches. 3. 
Control of year 'round air-conditioning systems, when used with CR7865-C5 
cycling relay. 4. Control of motor valves, damper motors, etc. 

G-E TIME SWITCH . . . TYPE T-41 GR7865-X 

The Type T-41 time switch, when used with a thermostat that 
has thermal night setback, provides day-night temperature con- 
trol for domestic heating systems. The Telechron driven time 
mechanism operates a single-pole, single-throw contact which 
energizes the night-setback resistor during the low-temperature 
interval. 

For additional information ask for Bulletin 8956, Page 101. 

APPLICATIONS; 1. Day-night temperature control, in conjunction with 
room thermostat having thermal setback feature (CR7865-Z). 2. Time-switch 
operation of unit coolers, unit heaters, etc. 3. In conjunction with room- 
thermostat limit controls and relay, as a complete stoker-control system. 

G-E SELECTOR CONTROL . . . CR7865-C5 
Heating-cooUng Relay 

The CR7865-C5 selector-control unit, when used with a three- 
wire, “floating ’’-type thermostat or humidistat, allows close con- 
trol of temperature, year ’round, or humdity under widely 
varying conditions. While the most widespread application of 
this control is in process air conditioning, this control is well 
suited to general air-conditioning applications. 

For additional information ask for Bulletin 8952, Page 109. 

APPLICATIONS' 1 Heating and cooling control for maintaining constant 
temperature in process air conditioning. 2. Humidification and dehumidifica- 
tion control in process air conditioning. 3. Automatic year 'round comfort 
control. 





G-E MAGNETIC SWITCH WITH TRANSFORMER . . . CR-7865-C3A 

The CR7865-C3A is a magnetic switch for control of air- 
conditioning-equipment motors directly from the contacts of a 
room thermostat or other low-voltage control instrument. It 
consists of a sturdy three-pole magnetic-switch mechanism, over- 
load relays, and a low-voltage control transformer (24 volts, open 
circuit) assembled as a unit. 

For additional information ask for Bulletin 8962, Page 101. 

APPLICATIONS: _ 1. Control of condenaing-unit motor from room ther- 
mostat in air-conditiGmng installations. 2. Control of cooling-tower or evapora- 
tive-condenser motors from room thermostat; compressor motor controlled 
through auxiliary contact. 3. Control of fan motor from room thermostat on 
constant-steam-supply heaUng systems. 4. Control of electric heating units 
frona remote low- voltage thermostat 5. Control of water-pump motors from 
sensitive water-level or pressure-control devices. 

{See also Pages 966-967) 
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Henry Valve Company 

1001-19 North Spaulding Ave., Chicago, 111. 

Manufacturers of 

Complete Line of Valves, Strainers and Driers for Freon, Methyl 
Chloride and Sulphur Dioxide. Also Ammonia Valves and Forged Steel Fittings. 
These products are widely used by many branches of the government. 




Balanced-Action 
Diaphragm 
Packless Valves 


VALUE OF BALANCED-ACTION 
Regardless of operating conditions or the 
differential in the pressure above and below 
the valve seat, balanced-action assures 
ositive and instantaneous opening. The 
alancing action is really the equalizing of 
the pressures on the two sides of the valve 
seat at the instant of opening. This is 
accomplished by a channel in the axis of 
the valve stem. When the valve is closed, 
the upper port of this channel is sealed by 
the diaphragm^ assembly itself. At the 
instant of opening, the pressure above the 
seat forces the diaphragm assembly up- 
ward, exposing the upper port of the 
balancing channel. The pressure is re- 
leased through the channel to the region 
below the seat, equalizing the pressures, 
thus assuring positive opening. A spring- 
tensioned ball check seals the channel for 
diaphragm inspection. 

Other important features are Ovaline 
handwheel, ports - in - line, non - rotating 
bearing plate to protect diaphragm from 
rotating friction of stem, and use of mul- 
tiple puncture and fracture-proof dia- 
phragms designed to resist wear and 
corrosion. Available in a complete range 
of sizes with flare and solder connections. 

WING GAP 
VALVES 

Designed especially 
for Freon and Methyl 
Chloride. Have pat- 
ented rotating self- 
aligning stem disc. 
Special resilient pack- 
ing. May be repacked 
underpressure. Wing 
cap can be inverted 
and socket used for 
operating valve. 
Made of non-ferrous alloy to meet govern- 
ment specifications. Solder connections 
machined directly in valve body. 
ABSO-DRY PRESSURE SEALED DRYERS 
For Refrigeration and Air Conditioning 
The exclusive Henry vacuum process first 
removes every trace of moisture, then the 



dryer is charged with 
dehydrated air. Loos- 
ening a seal cap prior 
to installation produces 
hissing sound, a guar- 
antee of original fac- 
tory dryness and free- 
dom from leaks 
OTHER FEATURES OF HENRY 
DRYERS — Perforated Dispersion tiibe is 
connected to inlet port and exposes entire 
volume of dehydrant to penetration by 
refrigerant. Minimum pressure drop. No 
channelling. Compression Spring main- 
tains uniform tension on dehydrant at all 
times and compensates for changes in 
volume. Soldered or Flanged Shells — 
models are available with either soldered 
cap or flanged end shells. Flange is dis- 
tortion-proof. Shells not exceeding 5H in. 
in length are drawn in dies, so that they 
have only one joint. 

TWO DEHYDRANTS— Choice of the 
two most popular dehydrants at same 
price: Activated Alumina or Silica gel. 


Type 757 
Cartridge 
Dehydrator 

A flanged shell 
dehydrator with replaceable cartridge. 




Type 712 
Dehydrator 



Soldered brass shell dehydrator with dis- 
persion tube. 


HENRY STRAINERS 


There is a size ancf type of Henry Strainer 
for every installation requirement. 

Type 895 ‘*Y” Strainer 


With sold- 
er fittings 
for use 
with cop- 
per pipe. 

Excep ional design. 

Welded steel construc- 
tion. Negligible pressure 
drop. Screen can be taken 
out for cleaning without 
removing strainer from line. Very large 
screen area. Light weight. Baffle prevents 
heavy particles injuring screen. 
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Johnson Service Company 

AUTOMATIC TEMPERATURE AND AIR CONDITIONING CONTROL 

General Offices and Factory 

Milwaukee, Wis. 

Branch Offices in all Large Cities 

Johnson Temperature Regulating Co. of Canada, Ltd., 113 Simcoe St., Toronto, Ont. 
Halifax, N. S. Montreal, Que. Winnipeg, Man. Calgary, Alta. Vancouver, B. C. 


PRODUCTS AND SERVICES 

Manufacturers, Engineers, and Contractors — For automatic 
temperature and humidity control systems applied to all types of 
heating, cooling, ventilating, and air conditioning installations. 

Space Control — ^Automatic control of room temperatures and 
humidities, applied to radiators, unit ventilators, unit heaters, and 
heat delivery ducts. Johnson “Duo-Stats” to maintain the proper 
relationship between outdoor and heating system temperatures for 
groups of radiators, or “heating zones.” A complete line of devices 
for automatic control of air conditioning systems, heating, cooling, 
humidifying, dehumidifying. 

Process Control — Automatic temperature and humidity control 
devices for manufacturing and industrial processing, applied to tanks, 
dryers, vats, kettles, curing rooms, coolers, kilns, etc. 

Nation-wide Service — Johnson sales engineers, technicians, and 
trained installation men are available at all branch offices. None of 
the men in the nation-wide Johnson organization are agents, jobbers, 
or part-time representatives. All are salaried employees, devoting 
their entire efforts to the interests of the Johnson Service Company 
and its customers. 

Send for Bulletins describing the detailed characteristics of any 
of the Johnson devices. 

JOHNSON THERMOSTATS 

Room Thermostats — Intermediate (gradual) or positive (snap) 
action, maintaining temperatures accurately within one degree above 
or below point of setting. “ Dual” (two-temperature) and “Summer- 
Winter” types, as well as standard instruments. Various types of 
covers allow wide selection of adjusting features, guards, and method 
of mounting. Red-reading thermometers with magnifying tube 
attached to each cover. 

Insertion and Immersion Thermostats — Sense temperatures in 
ducts, tanks, and similar locations. High grade insertion or immersion 
thermometers for mounting adjacent to the thermostats, including the 
distinctive Johnson “Sunrise” insertion thermometer, with red- 
reading mercury column in heavy lens glass tube and 9-in. scale with 
patented adjustable tilting feature. 

Extended Tube Thermostats — Mercury or vapor tension type, 
to sense temperatures at a point remote from the location of the 
operating mechanism. Various types of bulbs. Connecting tubing up 
to 50 ft in length for vapor tension, 75 ft for mercury actuated systems. 

Special Thermostats — For applications encountered in industrial 
control, including the “ Record-O-Stat,” combination extended-tube 
temperature controller and recorder. Full 10-in. chart and vapor 
tension or mercury actuated systems. Single or duplex type, the 
latter controlling and recording both wet and dry bulb temperatures. 

Remotely Adjusted Thermostats — ^A distinctive Johnson feature, 
applied to various types of instruments where readjustment must be 
accomplished from a remote point, such as another thermostat or a 
manual switch. 

Johnson Sensitivity Adjustment — An important development 
in automatic temperature and humidity control for air conditioning. 
A unique and convenient means of adjusting the sensitivity of Johnson 
thermostats and humidostats, on the job, balancing “time-lag” with 
respect to the capacity of conditioning apparatus. “Hunting” and 
temperature fluctuation prevented. Available on all Johnson gradual 
action insertion and immersion thermostats, insertion humidostats, 
and certain room type thermostats and humidostats, 
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Single 

Room Thermostat 



Dual 

Room Thermostat 



Room Humidostat 



"'Sylphon"^ 
Radiator Valve 




Johnson Service Company 


Controls and Instrument 




Modulating Attachment 
'or Expansion Valves 


JOHNSON HUMIDITY CONTROL 

Johnson Humidostats — Automatically control the supply of 
moisture delivered by a humidifier or by other means, maintaining 
a constant percentage of relative humidity. Available in both 
room and insertion patterns and with various types of elements 
as determined by requirements, the most sensitive controlling 
within 1 per cent at relative humidities as high as 95 per cent at 
100 F. Humidostatic elements are wood-strip, human hair, 
animal membrane, or other suitable substances as selected. 

Johnson Humidifiers — “Steam grid” type (perforated pipe 
supplied with low pressure steam) or pan type with copper 
evaporating pan, brass heating coils, and float control. 

JOHNSON VALVES 

Johnson Diaphragm Valves — Simple and rugged. Seamless 
metal bellows and heavy spring operate the valve stem. Avail- 
able, if desired, with diaphragms of special molded rubber, 
resistant to aging, heat deterioration and oxidation. No 
complicated moving parts. Made in all standard sizes and 
patterns. Direct acting (normally open) or reverse acting 
(normally closed). Also, three-way mixing and by-pass valves. 
For steam, water, brine, and freon. 

Johnson “Streamline” Diaphragm Valves — Modulating 
discs and special internal construction, insure superior gradual 
control . . . Where maximum power is required for repositioning 
at the slightest demand of controlling instruments, Johnson 
molded rubber diaphragm valves are fitted with Johnson’s 
dependable pilot feature, for smooth gradual operation, inde- 
pendent of friction and pressure variations. 

JOHNSON DAMPERS AND SWITCHES 

Standard Johnson Dampers — Steel blades in flat steel 
frames with adequate bracing to form a rigid assembly. Finished 
in two coats of black lacquer. Special corrosion-resisting finishes 
on order. Angle iron frames optional. Special Dampers — 
Galvanized iron, monel metal, aluminum, copper, rust-resisting 
steel, etc. Brass pins in steel bearings or ball bearings. 

Johnson Damper Motors — In principle, similar to valves. 
Seamless metal or specially molded rubber diaphragm operates 
damper through suitable linkage. Various types of brackets. 
Distinctive Johnson “Piston-type” damper motors afford long 
travel at full power, a feature not found in other such devices. 
With or without pilot mechanism, as described above under 
“Valves.” 

Johnson Pneumatic Switches — ^Various patterns for oper- 
ation of dampers and for placing thermostats and other devices 
in and out of service, as required, from remote points. Standard 
switchboards are oiled slate. Ebony asbestos, polished oak, and 
genuine or imitation marble on order. 
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Illinois Testing Laboratories, Inc. 

422 N. LaSalle Street, Chicago, Illinois 
TESTING ENGINEERS AND MANUFACTURERS 
Pyrometers — Portable — Wall Type — Surface Temperatures 
Distant Reading Resistance Thermometers 
Automatic Temperature Controllers — Air Velocity Meters 



Velometer with averaging jet 
used for checking velocity from 
supply grille. Tube is attached 
to left side. 


‘‘ALNOR” VELOMETER 

The Only All-Purpose Air Velocity Meter 

The Velometer is a versatile direct reading air velocity meter 
which gives instantaneous readings of the speed of air. 

The Velometer can be scaled to not only read velocities 
directly, but also to read static or total pressures when using 
suitable jets. 

The Velometer is ideal for measuring duct Velocities and 
pressures, velocities at grilles or registers. It also offers a 
convenient and satisfactory instrument for checking drafts, 
leaks around doors 
or windows or in 
ducts, velocities of 
ceiling outlets and 
similar air diffusers. 

Anyone can use 
the Velometer. No 
mathematical cal- 
culations, no leveling — no timing. 

Made in standard ranges for velocity readings 
from 20 fpm to 6000 fpm and 3 in. static or total 
pressure. Special ranges available as low as ,, , 

10 fpm and up to 24,000 fpm velocity and 20 in. SXiTo Tm side ‘ ” 

pressure. ® 

New Intake or Exhaust Grille Jet — To provide more accurate velocity readings 
at exhaust grilles a new type jet is now offered for use with the Velometer. This jet 
compensates for the change from static pressure to velocity pressure at or near the face 
of the grille. 

Spot jets — ^for velocities over very small areas. 

Averaging jets — for obtaining average velocities 
over a definite area or grille face. 

Duct jets — for determining velocities directly within 
ducts or pipes. 

Static pressure jet — for static pressures in inches 
of water. 

Total pressure jet — for total pressure in inches of 
water. 

Other jets — Standard jets offered in several lengths 
and sizes. 

Special jets — can be designed for unusual appli- 
cations. 

Ask for Bulletin No. 2448-D 




View shows how instrument is used 
to read low velocities without jets. 


“ALNOR” DISTANT READING ELECTRIC THERMOMETERS 


The use of “Alnor”^ multi-point resistance type thermometers 
is rapidly increasing in air-conditioning, as well as for heating 
and refrigerator installations. 

The instrument can be located in the machinery room or boiler 
room with the elements located on various floors in any part of the 
building, or outdoors, thus providing the engineers with constant 
and convenient temperature readings. 

^^Alnor" thermometers are made in several styles and sizes, 
both portable and mounted types. 

Ask for Bulletin No. 2451-B 
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**Alnor*’ round type 
multipoint resist^ 
ance thermometer 
with built-in switch. 
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Leeds & Northrup Company 

General Office and Works: 4941 Stenton Avenue, Philadelphia, Pa. 

Branch Offices: 


Boston 

Buffalo Cleveland 

Chicago Detroit 

Cincinnati Hartford 



Pittsburgh 

Houston St. Louis 

Los Angeles San Francisco 

New York Tulsa 


RUGGED, ELECTRICAL-BALANCE INSTRUMENTS 



Modd S Micromax Recorder Model R Mieromax Recorder 

Records from 1 to 16 points on a single strip- Records 1 or £ points on a round- chart, 

chart. Extremely open record. Can oper^e Has ealremely readable dial. Can operate 

signals. (About t/16th size) signals. (About l/16th size) 



Panel Indicator 
Hand-opereded. Can be 
connected Cirougk tdedor 
switches to any number of 
points. (About 1/lSth size) 


Electrical Thermometers for 
Air Conditioning 

No method for measuring temperatures 
fits the specific needs of air conditioning as 
does the three-lead, null-type resistance 
thermometer , method. It is independent 
of distance and disregards all temperatures 
except those right at points of measure- 
ment. Thermohms (electrical resistance 
thermometers) can be placed anywhere — 
in rooms, air ducts or water lines. They 
are connected by simple electrical wiring 
to instruments at a central location. 
Instruments maybe: Micromax Recorders, 
Model S for up to sixteen Thermohms, 
Model R, for related pairs such as wet 
and dry bulb; indicators with switches for 
any number of Thermohms; or indicating 
and recording combinations. 

Sound in principle, this equipment is 
reliable in operation. Instruments and 
Thermohms are highly responsive, yet 
rugged in construction. A complete system 
is easy and economical to install, regardless 
of distances. It is easy to operate and 
demands minimum maintenance. Therm- 
ohms and instruments are interchangeable, 
and can be replaced without disturbing 
wiring or returning anything to the factory. 

L&N Resistance Thermometers make it 
possible to operate efficiently; to maintain 
comfort or correct process atmosphere con- 
stantly ... so that maximum return is 
realized on the conditioning investment. 

Jrl Ad-N.226(2) 


Electrical Instruments for the 
Steam Plant 

The facts needed to operate a modem 
heating plant so as to save fuel, to protect 
equipment, and to operate efficiently at 
varying loads are provided reliably by 
rugged L&N instruments. Readings can 
be indicated or recorded or both. Re- 
corders can be equipped to operate signals 
or alarms that warn the operator of 
extreme conditions. In some cases the 
instruments control automatically. 

Micromax Model S provides a per- 
manent record of conditions at from 1 to 
16 points on one wide-scale chart. Micro- 
max Model R concentrates on conditions 
at one point, provides a permanent record, 
has a giant indicating dial that can be 
read at a glance. A Panel Indicator pro- 
vides intermittent checks on conditions 
at one or several points. 

In the heating plant, L&N measuring, 
signalling or controlling equipment is 
used for: 

Metermax Combustion Control 
Furnace Pressure Control 
Smoke Density Analysis 
Flue Gas Analysis (Per Cent CO 2 ) 

Flue Gas Temperatures 
Steam and Water Temperatures 
Boiler-F urnace T emperatures 
Condenser Leakage 
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ASHCROFT GAUGE DIVISION 

AMERICAN SCHAEFFER & BUDENBERG INSTRUMENT DIVISION 

Manning, Maxwell & Moore, Inc. 

Bridgeport, Conn. — branches in principal cities 
Makers of AMERICAN INDUSTRIAL INSTRUMENTS— Since 1851 

Manufacturers of Indicating and Recording Gauges; Gauge Testers: Gauges; Draft Gauges; 

Indicating and Recording Thermometers; Tachometers; Dial Thermometers; Pressure and 
Temperature Controllers; Electric Temperature Controllers; Pop Safety and Water Relief 
Valves; Steam Traps; Absolute Pressure Gauges. 

Also manufacturers of Bronze, Cast Steel and Forged Steel Valves, Engine 
Room Clocks; Barometers; Mercury Column Gauges; Gauge Boards. 



Ashcroft Gauges — Ashcroft Gauges are 
made in all sizes from 2J^ to 12 in., for 
pressures from 8 oz to 25,000 lb and also 
for vacuum. Cases 
are cast-iron or cast 
brass. The move- 
ments are heavy 
duty and all bear- 
ings are Monel 
Metal. Write for 
Catalog No. A-59. 

Also Duragauges 
— accurate to with- 
in of 1 per cent. Stainless steel move- 
ment. In Phenol Cases in 4}^ in., 6 in. 
and 83^ in. dial sizes 

For Mercury Pressure and Vacuum 
Gauges, “U” Gauges, Draft Gauges and 
Mercurial Barometers, write for Catalog 
B-59. 

Recording Duragauges — Recording 
Duragauges are made for all pressures 
from 15 in. of water to 10,000 lb and for 
vacuum. They are 
made in one size only 
to accommodate a 
10 in. chart, having 
an effective scale 
width of in. The 
case is die cast with 
a dull black hard- 
rubber finish and 
with either bottom or 
back connection. The pen-arm is made of 
non-corrosive monel metal and is of the 
inverted type. Operating instructions are 
lithographed on the chart plate so that 
they cannot be lost. Write for Cata- 
log E-59. 


American Air Duct 
Thermometer-Designed 
especially for both warm 
and cold air ducts. Fitted 
with chromium plated 
frame, glass front. Fur- 
nished with 9-in. or 12-in. 
scale graduated 0-160 F. 
Write for Catalog F-59. 





American Recording Thermometers — 
Made for recording temperatures from 
minus 40 to plus 1000 F 
or equivalent C. Very flex- 
ible connecting tubing up 
to 200 ft. One size to ac- 
commodate 10 in. chart, 
with an effective scale 
width of 35^ in. 

Same case as for the 
American Recording 
Gauge, so that all instru- 
ments are uniform in ap- 
pearance when mounted 
on Gauge Boards. Write 
for Catalog H-59. 

American Dial Thermometers — Ameri- 
can Dial Thermometer (mercury-filled) has 
the accuracy of the standard glass tube 
thermometer and the 
reading convenience of a 
dial face. Entire working 
mechanism is made of 
steel, meaning long life. 

Six sizes, ranging from 
4^ in. to 12 in. diameter 
dials. Furnished with 
rigid connection or flexible 
capillary tubing up to 200 
ft. For temperature 
ranges from minus 40 to 
plus 1000 F. Write for 
Catalog G-59. 


American 
Precision 
Temperature 
Controllers — 
Self-operated. 
For regulating 
temperatures 
from 20 to 
325 F. For hot 
water service 
tanks, water 
heaters, etc. 
Size of valve 
must be speci- 
fied. Write for 
R-59 Bulletin. 
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The Mercoid Corporation 

COMPLETE LINE OF AUTOMATIC CONTROLS 

Main Office and Factory Branch Offices 

4201 BELMONT AVE., CHICAGO. ILL. New York, N. Y., 393^7th Avenue 

Distributors and Jobbers Philadelphia, Pa., 3137 N. Broad St. 

in aii Principal Cities Boston, Mass., 839 Beacon St. 


Mercoid Controls are noted for their accuracy, trouble-free service and long life. They 
are equipped exclusively with sealed mercury contact switches — the switch that cannot 
be affected by dust, dirt or corrosion. See Mercoid catalog No. 500AS showing the 
complete line with detailed description. 


MERCOID SENSATHERMS 

Mercoid room thermostats 
known as Sensatherms oper- 
ate on a total differential of 
1 deg F (plus or minus deg 
F). Type H is the standard 
thermostat for heating, etc. 
Type DNH (illustrated) is a 
hand wound day-night ther- 
mostat for maintaining low- 
ered temperatures for any 
period up to 12 hours. At a set time in 
the morning, it automatically reverts back 
to the day setting. Type HBH is a two- 
stage thermostat for control of high-low 
gas or oil burners. Prevents overshooting 
on stoker systems, etc. Type HH is a dual 
thermostat for heating and cooling opera- 
tions. 

PRESSURE AND TEMPERATURE 
LIMIT CONTROLS 

f These instruments are of 
proven reliability and 
long life. The outside 
double adjustment with 
calibrated dial is a time 
saving feature when 
making adjustments. 
Available for steam, hot 
waterandwarm air. 

VISAFLAME 

The Mechanical Eye Actuated by Light 

A control system for direct 
burner mounting. It represents 
a decided improvement in oil 
burner safety control. Operates 
direct from the light of the flame 
instead of from the heat in the 
stack. Used in conjunction with 
the K-2-I panel unit for inter- 
mittent burners and the K-2 for constant 
ignition burners. 


COMBINED PRESSURE AND 
LOW WATER CONTROL 
Type DA-131Q pre- 
vents firing into dry 
boilers and guards 
against building up ex- 
cess steam pressure. 

Has quick hook-up fit- 
tings designed in accord 
with the A. S. M. E. 

Code. Instead of a 
packing gland, a flexi- 
ble diaphragm is used 
which eliminates stick- 
ing or erratic operation. Has outside 
double adjustments. Other types of low 
water and boiler water feed pump controls 
available. 


OIL BURNER SAFETY AND 
IGNITION CONTROL 

Type JMI provides posi- 
tive protection against 
flame or ignition failure 
on intermittent ignition 
oil burners. This control 
insures having ignition 
circuit closed before every 
starting operation of 
burner. Type JM is used 
for constant ignition 
burners. 

STOKER TIMER CONTROLS 

Type TV2 Stok-A-Timer 
combines a Mercoid Trans- 
former-Relay and a syn- 
chronous motor timer me- 
chanism for maintaining the 
stoker fire during periods 
when thermostat is not 
calling for heat. Interval 
adjustment can be set for 

hr. or 1 hr. merely by moving a lever. 
No change of cams required. 
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MinneapolisrHoneywell Regulator Company 

2711 Fourth Ave., So., Minneapolis, Minn. Cable Address: Minnreg, Minneapolis 
Electric or Pneumatic Control Systems for 
Heating, Ventilating, Air Conditioning 

BROWN INSTRUMENTS for Indicating, Recording, Controlling 


Factories: MINNEAPOLIS, MINN., PHILADELPHIA, PA., WABASH, IND., CHICAGO, ILL. 


Branch Offices or Distributors are located in all principal cities. 


Albany, N. Y. 

Albuquerque 

Allentown 

Atlanta 

Baltimore 

Birmingham 

Boston 

Bridgeport, Conn. 

Buffalo 

Butte 

Charlotte, N. C. 
Chicago 
Cincinnati 
Cleveland 


Columbus 

Dallas 

Davenport, Ia. 

Dayton 

Denver 

Des Moines 

Detroit 

East Orange 

Eau Claire, Wis. 

El Paso, Texas 

Fairhaven, Mass. 

Fargo, N. D. 

Hartford 


Harrisburg, Pa. 
Houston 
Indianapolis 
Jackson, Mich. 
Kalamazoo 
Kansas City 
Los Angeles 
Louisville, Ky. 
Lowell, Mass 
Mason City, Iowa 
Memphis 
Milwaukee 
Minneapolis 


New Orleans 
New York 
Oklahoma City 
Omaha 
Peoria 
Philadelphia 
Pittsburgh 
Portland, Me. 
Portland, Ore. 
Providence 
Richmond, Va. 
Rochester, N. Y. 
St. Louis 


Salt Lake City 
San Antonio 
San Francisco 
Scranton 
Seattle 

Sioux Falls, S. D. 

Springfield, Mass. 

Syracuse 

Toledo 

Tulsa 

Washington, D. C. 
Wichita 

Worcester, Mass. 


In Canada: Montreal, Toronto, Calgary, Vancouver, London, Winnipeg 
In Europe: Amsterdam, Holland; London, England; Stockholm, Sweden 



Electric Duct Type 
Temperature 
C6niroUer 


AUTOMATIC CONTROLS FOR EVERY 
APPLICATION 

Minneapolis-Honeywell manufactures a complete line of electric, 
pneumatic, and self-contained controls and regulators for every type 
of heating, ventilating, and air conditioning installation. In addition, 
the Brown Instrument Division of Minneapolis-Honeywell manu- 
factures a complete line of indicators, recorders, and controllers for 
Industrial Process applications. 

Each of the branch offices of Minneapolis-Honeywell maintains a 
staff of experienced engineers who are qualified to give unbiased 
advice on any type of control application and to install and service 
control equipment of any type. They are prepared to assist in the 
writing of specifications and to furnish control layouts and cost 
estimates without charge. 



“Modutrol Valve'' 
Electric Control 
Valve 


Minneapolis-Honeywell, with 55 years of experience in the control 
field, is the only company which is prepared to furnish every type of 
control, whether electric, pneumatic, or self-contained for any type of 
installation. This eliminates the necessity of purchasing controls- 
froni more than one company, which often results in split respon- 
sibility and unsatisfactory results. 


THE MODUTROL SYSTEM OF 
ELECTRIC CONTROL 

The Modufrol System designation is applied to any combination 
of Minneapolis-Honeywell Automatic Electric Controls or Self- 
contained Automatic Valves used to govern the operation of air 
conditioning or heating systems other than the small domestic instal- 
lations. A wide variety of both modulating and two position motors, 
controllers and valves are available thus making the Modutrol 
System extremely flexible as to the selection of control equipment 
to produce the desired results. 
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MinneapoliS'Honeywell Regulator Co. 


Controls and Instruments 



"‘Gradustat” 
Pneumatic Thermostat 


THE GRADUTROL SYSTEM OF 
PNEUMATIC CONTROL 

The Gradutrol System designation is applied^ to any 
combination of Minneapolis-Honeywell Automatic Pneu- 
inatic Controls used to govern the operation of air con- 
ditioning or heating systems. Such features as infinite 
positioning with the Gradutrol Relay and accurate 
graduation of valve and damper motors makes the 
Gradutrol System a truly remarkable advance in pneu- 
matic control of commercial air conditioning and space 
heating installations. 



•^Grad-U-Valve'^ 
Pneumatic Control 
Valve 



" Grad-U~Motor'' 
Pneumatic Damper Motor 


COMBINATION ELECTRIC AND 
PNEUMATIC SYSTEMS 

The outstanding advantages of both the electric Modu- 
trol System and pneumatic Gradutrol System of control 
may be combined in a single installation. Thus maximum 
flexibility and low installation cost are obtained. Minne- 
apolis-Honeywell can offer either an electric or pneumatic 
system, or a combination of the two. This is your guaran- 
tee of an unprejudiced recommendation. 

BROWN INSTRUMENTS 

The extent to which air conditioning equipment is 
being used in office buildings, theatres, stores, industrial 
buildings, etc., has opened up a wide demand for indicating 
and recording resistance thermometers because the temp- 
eratures throughout these air conditioning^ systems 
should be checked periodically in order to obtain the best 
results at minimum operating cost. To obtain uniform 
conditions from modem equipment, it is necessary that the 
engineer in charge of operation have a visual picture of 
actual conditions. 

Brown Resistance thermometers are available for indi- 
cating, recording, and controlling service and are applicable 
to all types of air conditioning and space heating instal- 
lations. 

In addition to Resistance Thermometers, The 
M-H Brown Instrument Division manufactures: 

Thermometers Flow Meters 

Hygrometers CO2 Meters 

Pressure Gauges Tachometers 

Vacuum Gauges Liquid Level Gauges 

Potentiometer Pyrometers Protectoglo System 



RESPONSIBILITY FOR ENTIRE 
CONTROL SYSTEM 

Minneapolis-Honeywell Regulator Co. is equipped 
to assume the entire responsibility for any control 
installation, thereby eliminating the difficulties and 
misunderstandings which division of responsibility 
may create. 


Brown Recording Resistance Thermometer 
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The Palmer Company 

Main Plant: 2506 Norwood Ave., Cincinnati (Norwood), Ohio 

Canadian Factory: King and George Sts., Toronto 

Manufacturers and Originators — “Red-Reading-Mercury” Thermometers 


RECORDING THERMOMETERS 


“RED-READING-MERCURY” 


Mercury Actu- 
ated. 12 in. die- 
cast aluminum 
case. Wrinkle or 
Satin finish. All 
parts are rust- 
proof. Flexible 
armoured tubing 
and bulb of stain- 
less-steel. Fit- 
tings: Plain, 
Union, Separable- 
socket and adjust- 
able or union 
flange. All ranges 
up to 1000 F or 
550 C. Guaranteed extremely accurate 
and sensitive. Every part strengthened 
for long and satisfactory service. Write 
for Bulletin No. ISOO, 

DIAL THERMOMETER 

Mercury Actu- 
ated. 8 in. case. 

Black rubberized 
finish. Flexible 
armoured tubing 
and bulb of stain- 
less-steel. All parts 
are rust-proof. Fit- 
tings: Plain, Union, 

Separable-socket 
and Adjustable or 
Union flange. All 
ranges up to 1000 F 
or 550 C. Guaran- 
teed sensitive and 
accurate and to give long and satis- 
factory service. Write for Bulletin 
No. 1600. 


WALL 

HYGROMETER 
and SLING 
PSYCHROMETER 

Wet and Dry 
bulb; Mercury 
tube, with RED 
column. Chart 
furnished. Guar- 
anteed sensitive 
and accurate. 
Send for Bulletin 
No, 600, 





Industrial Thermometers — 
These mercury tubes will show 
a bright RED color, visible at 
a great distance. The color is 
reflected and cannot fade. 
(Patented by Palmer). Thor- 
oughly annealed and guaran- 
teed permanently accurate. 
Costs no more. STRAIGHT, 
ANGLE, SIDE - ANGLE, 
RECLINING AND IN- 
CLINING Case, OBLIQUE 
STEM, etc. 7, 9 and 12 in. 
case, with or without glass 
front. Standard 334 in. stem 
and longer lengths. Fittings: 
Fixed Thread, Union, Sepa- 
rable-socket and Adjustable 
or Union Flange. All ranges 
up to 750 F or 400 C. For 
ranges up to 1000 F or 550 C, 
with plain mercury tube, borosilicate glass. 
Write for Catalog No. 200~F. 


REPAIRS — To all makes of Industrial 
Mercury Thermometers, furnishing “Red- 
Reading-Mercury” tube, at no extra cost 
and replacing all worn or broken parts, 
making the thermometer as good as new. 
Guaranteed accurate. A trial order will 
convince you. 


LABORATORY THERMOMETERS 

Glass engraved mercury tube; show 
bright RED column ... so easy to see. 
With or without metal armour; Round 
or Lens glass; ranges 
to 750 F. or 400 C. 

Plain mercury tube 
borosilicate glass 
on ranges 1000 F. 
or 550 C. Correctly 
annealed and guar- 
teed accurate. 

POCKET THER- 
MOMETERS ... for 
quick tests. Reliable 
and accurate. With 
RED column. 

- 20 -1- 120 F. 

0 -h 220 F. 

Write for Catalog No, 

SOO-D, 




1006 




Controls and Instruments 


Penn Electric Switch Co. 

Goshen, Indiana 

Offices 

New York, Boston, Philadelphia, Detroit, Dayton, Chicago, Moline (III.), St. Louis, Atlanta 
Export — 100 Varick St., New York City 

Representatives — Garland-Affolter Engrg. Corp , San Francisco, Los Angeles, Seattle, Portland ; 
Specialty Sales Co., Salt Lake City; Forslund Pump and Machinery Co., Kansas City; 
Vincent Brass and Copper Co.. Inc., Minneapolis; D. J. Bowen, Dallas. 

In Canada — Powerlite Devices Ltd., Penn Electric Switch Div., Toronto, Ont. 
Distributors and Jobbers in All Principal Cities 

Automatic Controls for Heating, Refrigeration, 

Air Conditioning, Pumps, Air' Compressors 


Tem-Clock 




Temperature 
and Humidity 
Controls 

For control of tempera- 
tures and humidity in 
heating, cooling and air 
conditioning equipment. 



Heavy Duty 
Humidistai Thermostats 



Oil Burner 
Stack Switches 



Solenoid 
Gas Valves 


Combustion 
Controls 
for all Fuels 

For automatic fuel burn- 
ing equipment, and for 
stack combustion control. 



Damper Stoker 

Motors Timer Relays 


f Boiler 

and Fimiace 
Controls 

For feedwater, steam pres- 
Cut-offs and Steam Pressure sure, liquids and warm air. 
Feeders Controls 




Liquid Immer- Warm A ir 

sion Tempera- Bonnet 

ture Controls Controls 



Refrigeration Water and 
Compressor Refrigerant 

Controls Solenoids 


Many Others 

For control of refrigerants, 
water and air; and for 
pumps and compressors. 



Pump and Air 
Compressor 

Water Valves Controls 


Write for catalog on Penn Controls to 
cover your particular applications, or 
’phone the nearest Penn office or repre- 


sentative. Penn engineers always are 
available for consulation on control prob- 
lems, without obligation, of course. 


Penn control engineers have simplified design and 
production problems for others! Let them assist you. 
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The Powers Regvlator Co. 

51 Years of Specialization in Temperature and Humidity Control 


Offices in 47 Cities — See your phone directory# 


General Eastern Office General Offices and Factory 

231 East 46th St., New York City 2719-2 Grcenvieu Ave., Chicago, III. 

Mbaay Butt# Columbus Greensboro Jacksonwlle 

Atlanta Calgary Oallai Halifax kamas City 

BalUmore Chattanooga Denver Hartford Los Angeles 

Birininghani Chicago Des Moines Honolulu Memphis 

Boston Cincinnati Detroit Houston Milwaukee 

Buffalo Cleveland £1 I’aso IndMiiapolia Minneapolis 


The Canadian Powers Regulator Co., Ltd. 
193 Spadina Avc., Toronto, Ont. 


Montreal 
Nashville 
New Orleans 
New York 
Oklahoma City 
Philadelphia 


Pittsburgh 
Ikirtlund 
Rochester 
St Louis 
.Salt Lake City 
San AntoiiHi 


tWracuse 
Toronto 
Vau< ouv«,r 
>Viiini|ieg 


/ri-, • 
r 


H 


PRODUCTS— A very 
complete line of com- 
pressed air operated 
and self-operating tem- 
perature, humidity and 
air flow controls for 
automatically regulat- 
ing heating, cooling, 
ventilating and air 
conditioning systems and industrial 
processes. 

A complete line of self- operating 
and compressed air operated valves 
and regulators made for: Gontrol- 


CS5 

# 


(B W 


ling steam heated 
hot water heaters 
and submerged type 
heaters; and for 
automatically mixing 
hot and cold water 
or steam and cold 
water delivering a 
mixture at a pre- 
determined temperature. Dial 
Indicating and Recording Ther- 
mometers. Thermometer-Regulators. 
High pressure steam traps and pres- 
sure reducing valves. 


Powers Compressed Air Operated Apparatus 
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The Powers Regulator Co. 


Controls and Instruments 


Compressed Air Operated Apparatus — Continued 




0 « « # 9 

9 



c # « « * 


# # i#' # ^ i,* 




'V' i§5.v;_ 

i' 


Three of the Many Types of Powers Self- Operating Regulators 





POWERS ENGINEERING SERVICE 


As the accurate performance of a heat- 
ing, cooling, ventilating or an air condi- 
tioning system, or an industrial process is 
so dependent upon its automatic control 
equipment, and as the cost of such control 
is but a fraction of the entire system, the 
use of the proper type of regulation is 
always sound economy. 

To secure the maximum return on the in- 
vestment in automatic control equipment, 
it is exceedingly important that proper 
selection of control apparatus be made 


when each installation is being planned. 

Forty-nine years of experience in fur- 
nishing and installing temperature and 
humidity control for every conceivable 
purpose in all types of buildings have given 
us a wealth of experience from which you 
can draw in selecting the proper type of 
control for any purpose. 

CATALOGS AND BULLETINS de- 
scribing any or all of our products fur- 
nished upon request. Phone or write our 
nearest office. See your phone directory. 




Controls and Instruments 


Spence Engineering Company, Inc. 

28 Grant Street, Walden, N. Y. 


SPENCE METAL DIAPHRAGM ‘‘DEAD END” REGULATORS 
Advantages of Spence Regulators 


Dead-end Shutoff — Spence Regulators 
are guaranteed to hold a dead-end. 

Single Seat — Spence design makes 
possible a balanced single seat even in 
large sizes. 

Metal Diaphragms — Under normal 
conditions never require replacement. 

Accurate Regulation-Regardless of 
fluctuations in either load or initial pressure. 


SECO Metal — Guaranteed to resist the 
wiredrawing action of steam. 

Interchangeable Pilots — Any type of 
pilot will fit any size mam valve. 

Accessibility — Pilot is connected to 
main valve with unions. 

No Stuffing Boxes — All main valves 
and most pilots are packless. 


Spence Weather Compensator and Orifice Zone Control System 

This simple, dependable Control, 
when installed on a properly de- 
signed orificed heating system, will 
show a substantial degree-day steam 
saving, at a low maintenance cost. 

The delivery pressure of the 
Regulator is automatically adjusted 
in direct proportion to the building 
heat losses. In other words, as the 
losses become greater, steam pres- 
sure on the system is automatically 
increased. 

Any number of zones can be con- 
trolled by one automatic Signatrol, 
automatic Wind Loss Compensator 
(Anemometer) Time Switch and 
Master Control Panel equipped with 
Manual and Automatic Dials for 
each zone. In this way each zone 
time be under the Master Control. 



can be set individually and at the same 



Pressure Regulator — 
Type ED 

Designed to regulate a 
steady or varying initial 
pressure so as to maintain a 
constant, adjustable, de- 
livery pressure. Applica- 
ble to heating systems, 
power plant operations, or 
manufacturing processes. 


Combined Temperature 
and Pressure Regulator 
—Type ETD 
Self-contained, pilot oper- 
ated, dead-end. Designed 
to control flow of fluid to a 
heating or cooling element, 
so as to maintain a constant, 
adjustable temperature, and 
protect the element against 
excessive pressure. 


Electrically Operated 
Valve — Type EM 
Can be opened or closed 
independently by an elec- 
trical switch. 

TypeET — Same as ETD 
except pressure control is 
omitted. 

Order a SPENCE Regula- 
tor for 40 days’ free trial. 


Fall-O-Matic Universal Pipe Intersection Cutter. 
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^Tm^lor Ccmpurikd 

Rochester, N- Y., U. S. A. 

IN CANADA — ^Taylor Instrument Companies of Canada, Ltd., Toronto 

NEW YORK PHILADELPHIA LOS ANGELES ST. LOUIS DETROIT 

CHICAGO PITTSBURGH BALTIMORE CINCINNATI ATLANTA 

BOSTON CLEVELAND SAN FRANCISCO TULSA MINNEAPOLIS 

Mantufacluring Distribuiors tn Great Britain, Short & Mason, Ltd. London 


Taylor Instruments for Indicating, Recording and Controlling 
Temperature, Pressure, Humidity, Flow and Liquid Level 


easily 


Taylor Industrial Thermom- 
eters — with new “BINOC” 
Tubing — Includes many styles 
and scale ranges with bulbs for 
every application. These ther- 
mometers contain a new and 
radical development of tremen- 
dous importance — '^BINOC' 
Tubing. This newly designed and 
optically correct glass tubing 
assures an ease of reading that 
has been generally lacking in 
industrial thermometers. 
“J37iVOC” Tubing more than 
doubles the angle of 
vision within which 
readings can be made. 
Because of the patented Triple- 
lens construction its broad 
mercury column can be read 
and accurately with both eyes. 


Bore reflection is absent. 


Taylor “BINOC” Pocket Test ■ | 

Thermometer — Ideal for frequent « 

testing of important temperatures. ‘ r 
Taylor patented “BINOC” Tubing 
eliminates juggling and guesswork. ^ 

High accuracy — Easier to Read. / 

The New Taylor “Fulscope” 
Recording Controller — An air-operated 
controller that gives practically any 
character of process control regardless of 
time lag in apparatus. 

Available for controlling temperature, 
pressure, humidity, rate of flow, liquid 
level. Where extreme load changes or 
badly balanced 
operating condi- 
tions exist, preci- 
sion control can 
be maintained 
by the automatic 
reset feature. 
For applications 
where a record 
is not needed, 
Taylor supplies 
an Indicating 
“Fulscope” Con- 
troller. 




Taylor Biram^s Anemom- 
eter — Ideal for measuring 
air velocities with the fan 
revolutions indicated on the 
dial. Various models for a 
wide range of air speeds 
and registration limits. 


Taylor Re- 
cording Hy- 
grometer — 

Records both 
wet- and dry- 
bulb tempera- 
tures on the 
same chart in 
different color- 
ed inks, mak- 
ing comparison 
very easy. 

Type shown 
has motor- 
driven fan for conditioned rooms or pass- 
ages where circulation is poor. Furnished 
without fan for installations where circula- 
tion across bulb is good. 




Taylor Sling Psychrom- 
eter — The advantage of 
this form of Wet- and 
Dry-Bulb Hygrometer over 
the stationary form is the 
facility with which tests can 
be made and the accuracy of 
the readings obtainable, as 
the whirling bulbs are sub- 
i^ted to perfect circulation. 
Two accurate etched stem 
thermometers are mounted on 
a die-cast frame, with the 
bulb of one covered with a 
wick to be moistened. 

These thermometers have 
scales of 20 to 120 degree F, 
graduated in H-deg divisions. 
A copper case protects the 
tubes when not in use. 


Taylor also offers a complete line of the 
famous Taylor Recording and Dial 
Thermometers, Self-Acting and Type 
“P” Controllers, the 10-BG Hygrome- 
ter and many types of Hu midiguides. 
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UilTEI 





Qwisx^ 


44 BEAVER STREE'** 


NEW YORK 


factory settensvitte Pennsylvania 
■KANCHES new YORK CHICAGO PHIIAOELPHIA 
BOSTON CLEVELAND DETROIT • 5T LOO IS 
HOUSTON SEATTLE lOS ANOELES MONTREAL 


U. S, GAUGES — U. S. Gauges are made in all standard 
sizes from 2 in. to 12 in. dial inclusive for pressures up to 
50,000 lb and for vacuum. Gauges may be supplied with 
cast-iron, cast-brass, drawn steel, or drawn brass cases for 
wall mounting or flush mounting. For severe service 
requirements we can supply long wearing hardened steel 
movements or bushed movements. 

For service on Steam Heating Systems the following 
gauges may be supplied — 

Steam Gauges . . . Compound Pressure and Vacuum Gauges 
. . . Retard Gauges . . . Compound Retard Gauges 
. . . Steam Gauges with Internal Siphons. 



For service on Hot Water Heating Systems the 
following instruments and gauges may be supplied — 
Altitude Gauges . . . Tank-in-Basement Gauges . . . 
Altitude and Pressure Gauges . . . Combination Altitude 
Gauges, and (a) Bimetal Thermometers, (b) Glass Tube 
Thermometers, (c) Vapor Tension Distance Type Ther- 
mometers . . . Glass Tube Hot Water Thermometers. 

U. S. RECORDING GAUGES— U. S, Recording Gauges 
are supplied in 8H in., 10 in. and 12 in. sizes for pressures 
up to 50,000 lb and for vacuum. These Recording Gauges 
can be supplied with either cast-iron or cast-brass cases 
for wall mounting or flush mounting. Pen arms are made 
of non-corrosive metal. Especially designed clock move- 
ments are used. Charts can be furnished for customary 
time periods. 

U. S. DIAL THERMOMETERS— U. S. Dial Ther- 
mometers are of the vapor tension type with open scale 
reading in the center and upper portion of the scale, or of 
the glass filled type with even scale reading. Cases may 
be cast-iron, cast-brass, drawn steel, or drawn brass for 
either wall or flush mounting. Supplied in all standard 
sizes from 2 in. to 12 in. dial inclusive, for temperature 
ranges from minus 40 deg F to 800 deg F. Furnished with 
rigid connection bulb or with bulb at end of flexible 
capillary tubing up to 100 ft long. 
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White-Rod gers Electric Company 

1293 Cass Avenue, St.Louis, Mo. 

New York City Syracuse Philadelphia Chicago Cleveland 

Columbus Detroit Davenport 

Distributors in Principal Cities 



Line voltage Ther- 
mostat for Unit 
Heater and Air- 
Conditioning In- 
stallations. 



Single speed fan 
control-cover re- 
moved showing 
visible dial. 



Stoker Timer — 
with or without 
night set-hack or 
/used line switch. 



Low Voltage Room 
Thermostat — an- 
ticipating type. 


PUT “HYDRAULIC ACTION” 
TO WORK FOR YOU 



Steam Pressure 
Control — for safety 
limit service. 


The powerful, uniform expansion and con- 
traction of a solid liquid charge against a 
stainless steel diaphragm, combined with the 
mechanical simplicity of White- Rodgers Con- 
trols contributes these important features to 
the field of automatic temperature control: 

1. Visible^ uniformly calibrated dials, 

2. Easily set differential adjustor. 

3. Fast acting thermal elements. 

4. Combination controls with indepen- 
dently adjustable switches. 

High capacity switch — the tremendous 
force available with Hydraulic Action has 
resulted in a sturdy switch with Underwriters’ 
approved rating of 1}^ hp 240 v AC, 1 hp 
120 V AC. 

Take advantage of Hydraulic Action on 
your next installation. Specify White- Rodgers 
Controls. The latest condensed control cata- 
log is awaiting your request. Write for it 
today! 



Dual Immersion 
Control — Limit- 
Circulator or 
Summer- Winter 
service 



Solenoid Gas 
Valve — High 
plunger torque and 
silent operation. 


Diaphragm Gas Valve with 
puff bleed and built-in me- 
chamcal limit control. 
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International Heating & Ventilating Exposition 

THE AIR CONDITIONING EXPOSITION 
Permanent Address — Grand Central Palace, New York, N. Y, 


EXPOSITION HELD 

The first in Philadelphia, 1930. 

The second in Cleveland, 1932. 

The third in New York, 1934. 

The fourth in Chicago, 1936. 

The fifth in New York, 1938. 

The sixth in Cleveland, 1940. 

The seventh in Philadelphia, 1942. 

Subsequent Expositions will be held on 
alternate, even numbered years. 

These are held coincident with the 
Annual Meeting of the American Society 
OF Heating and Ventilating Engineers 
and are directed by the International 
Exposition Company, under the auspices 
of the A.S.H.V.E. 

EXHIBITORS 

Comprise leading firms in each phase of 
the industry] number has varied from 150 
to 327 exhibitors. 

EXHIBITS 

These range from and comprise all the 
types of articles discussed or advertised in 
this copy of The A.S.H.V.E. Guide. 

1. The Combustion Group: 

Furnaces, burners (coal, oil and gas), 
grates, stokers, boilers, radiators (vari- 
ous types) , refractories and auxiliaries. 

2. The Oil Burner Group, 

3. The Hydraulic Group: 

Water feeders, water heaters, pumps, 
traps, valves, piping, fittings, expan- 
sion joints, pipe hangers, etc. 

4. The Steam Heating Group: 

Vapor heating and steam specialties. 

5. The Hot Water Heating Group. 

6. The Air Group: 

Warm Air furnaces and stoves, regis- 
ters and grilles, cooling towers, air 
filters, motors, fans, blowers, condi- 
tioning equipment, ventilators (room 
and industrial types), unit heaters, etc, 

7. The Air Conditioning Group: 
Equipment which circulates and filters 
the air, in summer dehumidifies and 
cools; in winter heats and humidifies, 
and does all these in proper season for 
complete, all year round air condi- 
tioning. 

8. The Control Group: 

Instruments of precision for indicating, 
controlling or recording temperature, 
pressure, volume, time, flow, draft or 
any other function to be measured. 

9. The Refrigerating Group: 
Compressors, condensers, cooling ap- 
paratus, contingent apparatus and 
refrigerants. 


10. The Central He A rmo Group: 
Apparatus and materials especially 
designed or adapted to the uses of 
central heating and central heating 
station supplies. 

11. The Insulating Group: 

Structural insulators (refractory and 
cellulose materials), asbestos, mag- 
nesia clays and combinations thereof, 
pipe and conduit covering, etc., 
weather-stripping, etc. 

12. The Miscellaneous Group: 

Electric Heaters,^ boiler and pipe re- 
pair alloys, liquids and compounds, 
tools of all kinds, and equipment not 
specifically included in the above 
groups, but related thereto, 

13. The Machineey and General 
Equipment Group. 

14. Books and Publications 

VISITOR ATTENDANCE 

Comprises a registered attendance in- 
vited to the exposition and includes: 

(Figures are 1940 analysis) 
Industries 


Governmental 401 

Distnbution Channels 

Contractors, Dealers, Jobbers, Supply 

Houses 7.031 

Borne Owners. 333 

Industrial Users 9,371 

Professional and Service Organizations 689 

Public Utilities 900 

Real Estate Management and Operation 630 

Educational Institutions..... 500 

Miscellaneous - 797 

Total.._ 20,052 

Occupations 

Executive 11,433 

Construction — 2,632 

Operation 2,353 

Technical- 2,688 

Not Classified including Educators, Pub- 
lishers, Home Owners, etc 1,546 

Total.™ 20,652 


Industrial Expositions in America lead 
the^ expositions of the world in style, 
business effectiveness, industrial influence 
and educational value. This Exposition 
stands among the leaders in Industrial 
Expositions in America, It is an edu- 
cational institution which biennially brings 
together the research developments and 
improvements in equipment and materials 
for use in heating, ventilating and air 
conditioning all types of buildings. 



HEATING SYSTEMS 


• 

Steam and hot water heating systems with their many parts and accessories 
are classified according to their specific type of design and the service 
required. These systems and their component parts include: 

HEATING SYSTEMS (p. 1016-1090) 

Combinations of parts forming steam vapor and vacuum systems and hot v/ater 
systems. 

Technical data on steam heating systems are contained in Chapter 14; hot water 
systems in Chapter 16. Other references to heating systems will be found in the 
Index to the Technical Data Section. 

BOILERS (p. 1040-1059) 

Water tube, fire tube and firebox types; cast iron and steel construction; for coal, 
coke, gas or oil firing. 

Technical data on heating boilers are given in Chapter 12. 

In connection with steam and hot water heating systems various types of radiators 
and convectors are required. Complete manufacturers references will be found in 
the Index to Modern Equipment — pages 1137-1160. 

Technical data is contained in Chapter 13. 

BURNERS (p. 1060-1069) 

Automatic fuel burning equipment suitable for use as an integral part of heating 
boilers and furnaces, and also for conversion of hand-fired beaters to automatic 
operation. Gas burners, oil burners, stokers. 

Technical data are given in Chapter 10. 

PUMPS (p. 1070-1073) 

For use in conjunction with heating systems, and other purposes in heating, venti- 
lating and air conditioning service; and for handling air, gases, ammonia, brine and 
other refrigerants. 

References to technical data on pumps will be found in the Index to the Technical 
Data Section. 

SPECIALTIES (p. 1074-1086) 

Feed water devices, pressure and draft regulators, combustion controls, strainers, 
traps, valves, etc. — all essential for efficient operation of heating equipment. 

References to technical data on heating specialties may be found in the Index 
to the Technical Data Section, each indexed under its respective title. 

PIPE AND FITTINGS (p. 1087-1090) 

Iron, steel, wrought iron, copper, brass — seamless or welded. 

Technical data will be found in Chapter 18. 

Manufacturer’s products shown in this division are designed for specific applications. 

Consult the Index to Modem Equipment for additional products of these manufacturers. 
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Rarnes c Jones 

incorromatbo^^^ 

129 Brookside Avenue Boston, Mass. 

New York Office: 101 Park Avenue 

Barnes & Jones Vapor and Vacuum Systems of Steam Heating; Modulation 
Valves; Adjustable-Orifice Radiator Valves; Packless Quick-Opening Radiator 
Valves; Thermostatic Radiator Traps; Thermostatic Trap Replacement Units; 
Gondensators (Boiler Return Traps); Float and Thermostatic Traps; Strainers; 
Damper Regulators; Gages; Systems of Zone Control for Steam Heating. 
Complete Catalog on Request 


Modulation Valves, Type K — Packless 
Quick Opening Valves, Type F 

Types K and F 
Valves have non- 
tarnishable indicat- 
ing dial, non-rising 
stem, renewable 
disc seat. Tail piece 
extra heavy. Extra 
long to facilitate 
installation. Three 
models: lever 
handle, wheel handle, lock shield. Type F 
Valve furnished with wheel handle only. 



Type K Valve 


Size 

Vl'' 

3 / 4 " 

r 

VA" 

Cap. Sq Ft Rad.* . 

30 

60 

100 

180 


Type F Valve 


Size 


r 

VA" 

Wl" 


Cap. Sq Ft Rad.* . . 

.. 1 30 1 60 

100 

180 

270 

400 


♦Based on 2 oz pressure differential. 


Adjustable Orifice Valves, Type H 
May be adjusted for 
different capacities 
after installation. At 
all times provides in- 
dication of the adjust- 
ment. Operation is 
quiet. Unauthorized 
tampering with ad- 
justment is virtually 
impossible. 




tions, air binding , or 
the return side. 


Gondensators 
For returning water 
of condensation to 
boiler from open re- 
turn line systems 
independently of 
boiler pressure, 
without change in 
operating condi- 
admitting steam to 


No 

31 

32 

1 1 

34 

35 

36 

Cap. Sq Ft Rad.*. . . . 

700 

1^ 

3500 

6000 

10.000 

16,000 


Thermostatic Radiator Traps 
Sturdily made to 
precision standards. 

Sensitive in opera- 
tion. Provide in- 
stant discharge of 
air and water, pre- 
vents passage of 
steam. Contains 
unique Cage Type 
Thermostatic^ Unit , 
which carries its own thermostatic element, 
valve piece and valve seat, factory cali- 
brated and locked in correct adjustment. 



Trap No 

120 

12 

123 

124 

134 

13 

14 

Inlet Tapping.. . . 

Outlet Tapping 

Cap. Sq Ft Rad.* . . 

I 

I 

Vf, 

h 

Vi" 

W 

400 

3 // 

w 

w 

700 

II 


♦Based on 1)^ lb pressure differential. 


Thermostatic Radiator Cage 
Replacement Units 
Offer complete and 
reliable trap re- 
newal in practically 
every make of ther- 
mostatic trap. You 
simply (1) remove 
the old cover and 
unit, (2) insert the 
new Barnes & Jones 
Cage Unit, (3) re- 
place the cover, and the old trap will oper- 
ate with its original efficiency. 



Float and Thermostatic Traps 
Handle large and sud- 
den condensation 
loads. Large air and 
water capacity. Large 
float assures instant 
opening of the dis- 
charge valve. Cage 
Type Thermostatic 
Unit assures quick 
elimination of air. 



Trap No 

41 

42 

43 

43A 

44B 1 45B 

Inlet Tapping. 
Outlet Tapping 
Cap. Lb. 'W^ter 
per Hour* . . 

y/ 

w 

200 

r i 

700 

W 

1'// 

1200 

1'// i 
1200 ! 

1^: i i' 

2400 5000 


♦Based on 2 lb pressure differential. 
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Bell and Gossett Company 

Morton Grove, Illinois 

(Suburb of Chicago) 

HOT WATER SYSTEMS AND SPECIALTIES 



B & G MONOFLO HEATING SYSTEMS 



B & G Monoflo Fitting 

A genuine advance in con- 
trolled and economical heat- 
ing is offered by the B & G 
Monoflo System. In conjunction with 
forced circulation, the B & G Monoflo 
Fitting makes possible a thoroughly 
practical, well balanced single main hot water instal- 
lation. In over 100,000 installations, the B & G 
Monoflo System has demonstrated its desirability in 
homes, apartments, factories and institutional build- 
ings.^ The equipment lends itself ideally to zoning, 
yet is exceedingly simple in application. 

EQUIPMENT REQUIRED 



B & G Booster 

An electrically- 
driven centrifugal 
pump, which me- 
chanically circulates 
hot water through the 
system — distin- 
guished by genuine oil 
lubrication, patented water-tight seal and precision 
manufacture throughout. 



B & G Indirect 
Water Heater 

Anyone of five 
B & G Heater 
types can be in- 
stalled to furnish 
year around do- 
mestic hot water 
at smallest pos- 
sible cost. 



B & G Angle Flo-Control 
Valve 

This valve, installed in the 
main, controls circulation of 
hot water to radiators, permit- 
ting summer operation of the 
Indirect Water Heater. It also 
helps maintain a uniform room 
temperature during the heating 




B &G 
Motorized 
Valves 

B & G Motor- 
ized Valves are 
ideal for control- 
ling boiler water flow through 
the individual circuits of zoned 
heating systems. 

B & G Universal Pump 

The B & G Universal Pump is designed 
primarily for large warm water heating sys- 
tems in apartment buildings, office buildings, 
factories, schools, etc. The installation can 
be operated as one large single zone or divided 
into several zones by controlling the circu- 
lation of the pumped water through each 
circuit with a B & G Motorized Valve, oper- 
ated by a zone thermostat; the pump being 
either operated continuously or until all valves 
are in the closed position. 

See the B & G Handbook for Complete Engineering Data 
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Sub" Atmospheric 
Steam 


C. A. Dunham Company 

Administrative and General Offices 

450 E. Ohio Street, Chicago, 111. 

Factories: Marshalltown. Iowa; Michigan City, Ind.; Toronto, Canada; London, England 


C. A. Dunham Co., Ltd. 

1523 Davenport Road, 
Toronto, Ont., Canada 



17 ! 


HEATING SERVICE 


C. A. Dunham Go., Ltd., 
(Of the United Kingdom) 
Morden Road, London, S W. 19 
England 


See “Dunham Heating Service” in local telephone directory in all principal cities. 

The accumulated experience of the entire Dunham Organization is put at the disposal 
of the Heating, Ventilating and Air Conditioning Engineer. This cooperation is available 
for Modernization Work and Repairs^ as well as for new construction in industrial, com- 
mercial, housing and other projects. 


The Dunham Differential Heating System, circulating sub-atmospheric steam, 
maintains desirable temperatures throughout a building by automatic control of both 
steam temperature and steam volume. 

The system is a simple two-pipe system in which all the essentials of circulation, 
distribution and control are co-ordinated. Control of the temperature of the steam is 
accomplished by controlling the pressure or vacuum of the steam in the supply piping 
and radiators to balance exactly the heat input with building-heat-loss. 


The Dunham Differential System 
distributes a varying supply of heat equal- 
ly, automatically and continuously through 
the heated space. Desirable building tem- 
peratures are automatically maintained 
under varying weather conditions. A 
positive continuous circulation is main- 
tained as a fundamental function of the 
system. This maintains unusually con- 
stant temperature levels throughout the 
building. 

The Control is Fully Automatic. 
The RT (Resistance Thermometer) Con- 
trol Equipment, which is an integral part 
of the System, is fully automatic. Begin- 
ning with a maximum radiator heat output 
obtained by steam circulation at a pressure 
of 2 pounds and a temperature of 218 F or 


more as required, the output is progres- 
sively reduced according to the demands 
of the weather, by a reduction in the rate 
of steam admission to the system, which 
automatically causes a reduction in steam 
pressure and temperature so that steam 
may be circulated at varying temperatures 
down to about 133 F. Further reduction 
in heat-output is obtained by partial filling 
of radiators with sub-atmospheric steam 
until the point is reached at which the need 
for heat ceases and the supply of steam is 
completely shut off. The distribution of 
the steam supply is automatically main- 
tained under all variations in supply by 
the co-ordinated functioning of the Traps, 
Pump, Differential Controller and Regu- 
lating Orifices at radiator inlets. 
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C. A. Dunham Company 


Heating Systems 


Sub- Atmospheric 
Steam 





^ DUNHAM UNIT HEATERS 

Type C — A specially designed 
unit heater for industrial and com- 
mercial applications. Designed for 
discharging large volumes of heated 
^ air downward to working levels, 
distributing heat evenly over large 
areas. 10 sizes from 136 to 2000 sq 
TypeC ft EDR. Four types of diffusers. 

Type R — Blower type unit for 
industrial and commercial applications. TypeV 

Available in 16 standard sizes, each with 
various combinations of Btu and cfm out 
put. Floor, wall and suspended 
types, with and without by-pass or 
mixing dampers. All sizes and types 
either direct connected or belt drive. 

Type V — Horizontal propeller fan 
type. 35 sizes. Capacities from 65 
to 1200 sq ft EDR. Type D 

Type D — Horizontal propeller 

Type R type. 12 sizes. Capacities from 558 to 2360 sq ft EDR. 

DUNHAM PUMPS 

Tested and Rated with A.S.H.V.E. Code and Code of 
Vacuum Return Line Heating Pump Manufacturers’ 
Section of Hydraulic Institute. 

Vacuum Pumps 

Type DVD — Designed for use with Dunham Dif- 
ferential Heating. Capable of maintaining whole sys- 
tems under vacuums as high as 25 in. Built in 9 sizes. 
Capacities 2500 to 65,000 sq ft EDR. VRD (Vac- 
Return Line) built in same sizes. 

Type VR — Meets all code tests for air and simultane- 
Type DVD ous air and water handling capacities. No moving parts 

or close clearances in exhauster unit. Built in 11 sizes. 
Capacities 2500 to 150,000 sq ft EDR. DV (Dif- 
ferential Vacuum) built in same sizes. 

Condensation Pumps 

Pump and motor assembled on rigid cast iron base. 
Bronze fitted centrifugal pump has non-corrosive shaft. 
Enclosed type Impeller. Liberal size ball bearings. 
Receiver tank equipped with float switch and push 
button starting switch with over-load protection. 
Type GH-Model B, Single and Duplex — 66 sizes 
yn of varying capacities and discharge pressures. Capaci- 

ties 2000 to 50,000 sq ft EDR; 60 cycle d.c. or a.c. 
1750 rpm; 25 or 50 cycle a.c., 1450 rpm. 

Type GHH-Model B, Single and Duplex — 49 sizes of varying capacities and dis- 
charge pressures. Capacities 2000 to 50,000 sq ft EDR; 60 cycle d.c. or a.c. 3450 rpm; 
25 or 50 cycle a.c., 2850 rpm. 

Type GV — 48 sizes of varying capacities and discharge 
pressure. Capacities 2000 to 25,000 sq ft EDR. 
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Heating, Industrial and Power Plant Piping, Fittings, Hangers, 
Valves, Pipe Bending, Welding, Piping Supplies, Etc. 

Executive Offices: Providence, R. I. 


Aubany, N. Y. 

Atlanta, Ga. (Plant and Foundry) 
Auburn, R. I. (Plant and Foundry) 
Bai/timorb, Md. 

Boston, Mass. 

Buffalo, N. Y. 

Charlotte, N. C, (Branch) 
Chicago, III. (Branch) 

Cincinnati, Ohio 
Cleveland, Ohio (Branch) 


Offices, Plants and Branches 
CoLUMBU, Pbnna. (Plant) 

CoLUiflBUS, Ohio 
Dallas, Texas (Branch) 

Detroit, Mich. 

Houston Texa^ 

Kansas City, Mo. 

Long Island City, N. Y. (Branch) 
Milwaukee, Wis. 

Minneapolis, Minn. (Branch) 


Newark, N. J, 

New Orleans, La. 

New York, N. Y, 

Philadelphia, Penna. (Branch) 
Pittsburgh, Pbnna. 

Providence R. I. (Plant and Foundry) 

Rochester, N. Y 

St. Louis, Mo. (Branch) 

St. Paul, Minn. (Branch) 

Warren, Ohio (Plant and Foundry) 


GRINNELL COMPANY OF THE PACIFIC 

Los Angeles, Cal. (Branch) Oakland, Cal. (Branch) San Francisco, Cal. (Branch) Seattle, Wash. (Branch)’ 


GRINNELL COMPANY OF CANADA, LTD. 

Montreal, Que (Branch) Vancouver, B. C. (Branch) Toronto, Ont. (Plant and Foundry) Winnipeg, Man- 

Oshawa, Ont. (Foundry) 


PRODUCTS AND SERVICES— 

Complete Service on materials to 
Specification on Power Plant Piping, 
Industrial Piping, and Industrial 
Heating Systems; Prefabricated Pip- 
ing including Pipe Cutting and 
Threading, Pipe Bends, Welded 
Headers, Welded and Welding Fit- 
tings, Lap Joints and the Grinnell 
line of products for Super Power. 

Grinnell Equiflo Valves for forced 
hot water heating systems; Grinnell 
Adjustable Pipe Hangers and Sup- 
ports; Grinnell Cast Iron and Mal- 
leable Iron Pipe Fittings; Grinnell 
Malleable Iron Unions; Grinnell Weld- 
ing Fittings; Grinnell Thermoliers 
(Unit Heaters); Grinnell Thermofin 
(Convectors); Thermofiex Traps and 
Heating Specialties. 

Also Humidifying Systems; Con- 
stant Level Size Circulating Systems; 
Piping for acids and other special 
materials. 

Malleable Iron, Brass, Bronze and 
other Castings; Brass, Cast Iron, 
Wrought Iron and Steel Pipe; Seam- 
less Steel Tubing in Iron Pipe Sizes. 

Valves: Check, Globe, Pressure Re- 
ducing and Regulating, Quick Open- 
ing, Safety and Y. 

Automatic Sprinkler Systems; Stand 
Pipes; Underground Supply Mains; 
Hydrants; Fire Pumps; Pressure and 
Gravity Tanks. 

Grinnell “Junior” Automatic 
Sprinkler Systems for Basements and 
other hazardous areas of Dwellings, 
Small Apartment Buildings, Schools, 
Churches, Stores, etc. 

For Data On Thermofiex Traps an 


Grinnell Equiflo Valves 

For Forced Hot Water Heating 



Equijlo Valve 


The designing of forced circulation hot 
water heating systems is so simplified by 
the Grinnell Equiflo Valve that they can 
be laid out and installed as easily as vapor 
or steam systems. This valve consists of a 
regular type packlcss radiator valve with 
a cartridge or tube made up of a series of 
orifices and baffles capable of setting up 
any required frictional resistance. This 
method of establishing any desired resis- 
tance does away with elaborate calcu- 
lation of pipe sizes. Grinnell guarantees 
perfectly balanced circulation to each and 
every radiator where these valves are 
installed throughout the system. 

Equiflo Data Book sent to interested 
parties. 

Heating Specialties, see page 1079 
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Thermouer 


Patented 

THE GRINNELL UNIT HEATER 



Industrial Type 


De Luxe, Industrial and Factory Types — 
125 Lb W.S.P. 

Thermolier is a ruggedly built unit heater 
whose efficiency and dependability have been 
proved by actual performance in field service. 
Thousands of them are installed in industrial 
buildings and commercial structures of all types 
of occupancy. 

Thermolier has 14 points of superiority, the 
most outstanding of which is the internal cooling 
leg built right into the unit, an exclusive Ther- 
molier feature. See drawing below. 

Radiation is from brass-finned seamless copper 
U-tubes rolled into a cast-iron tube sheet. No 
solder is used for strengthening joints and there 
are no flat horizontal surfaces to catch dirt. 


Units may be controlled^ manually or automatically, singly or in groups. Installation 
and piping are extremely simple and inexpensive, hence the unit may be moved from one 



location to another at small cost if found desirable on account of changes in building or 
occupancy. The complete line includes 27 Models in DeLuxe Type, and 35 Models each 
in Industrial and Factory Types. 

Thermoliers provide maximum distribution of heat without objectionable drafts. 

Specifications 

Fan — Grinnell special of rugged construction. Motor — heavy duty, oversize, 
enclosed, moisture-proof. Housing — ^Art Metal Slate gray finish with chromium trim 
on DeLuxe Types. Copper on Industrial Type with rubbed lacquer finish; steel on 
Factory Type finished in gray lacquer. Frame — Heavy pressed steel, providing rugged 
support for motor and fan. Special Features — Adjustable swivel hanger rod couplings; 
louvers rigid, but easily adjustable: integral cooling leg insuring perfect drainage through 
one thermostatic trap for pressures up to 25 lb. 

For pressures not exceeding 125 lb, a thermostatic trap of proper construction can be 
used and should be attached directly to the unit. 


CAPACITIES 


60 F Entering Air Temperature — 2 Iba Steam Pressure 


Model 

Nos. 

Btu 

per Hour 

Model 

Nos. 

Btu 

per Hour 

Model 

Nos. 

Btu 

per Hour 

21 

35.600 

46L 

63.500 

8IL 

143.600 

21L 

28,350 

51 

98,600 

91 

196,000 

22 

37.100 

51L 

73,700 

91L 

160,600 

26 

38.650 

57 

101,300 

101 

237,800 

26L 

31,750 

STL 

83.000 

lOlL 

205,400 

31 

48.700 

61 

102,100 

111 

275,300 

31L 

36.200 

61L 

77,500 

lllL 

229,700 

37 

62,200 

66 

128.700 

141 

325,300 

41 

70,900 

66L 

110,500 

141L 

269,700 

41L 

56,600 

71 

151,700 

181 

373,300 

44 

84.800 

71L 

126,800 

181L 

303,200 

46 

86,400 

81 

174,900 




Data Book cover- 
ing other pressures 
and temperatures, 
dimensions and 
complete installa- 
tion information 
on application. 
Address Grinnell 
Company, Inc., 27T 
West Exchange 
Street, Providence. 
R. I, 
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GRINNELL ADJUSTABLE PIPE HANGERS AND SUPPORTS 

One of the chief advantages of Grinnell Adjustable Hangers is that they permit 
adjustment of pipe lines after installation, thus obviating the necessity of tumbuckles or 
the removal of hangers. Their time and trouble-saving qualities during installation are 
equally exceptional. Below are shown a few Grinnell Hangers and Supports of par- 
ticular interest to heating engineers. Send for Hanger Catalogue showing complete line. 


Adjustable Swivel Rings (Patented) 


(!) 

Fig. No. 101 
Solid Ring 


These Malleable Iron Adjustable Swivel Rings 
can be used with Coach Screw Rod or Machine 
Threaded Rod in connection with practically any 
type of Ceiling Flange, Expansion Case, Insert, etc. 

Adjustment of at least in. is secured by turning 
Swivel Shank. Swivel Shank automatically locks, 
preventing loosening due to vibration in the pipe 
line. 

The Split Ring permits adjustment either before 
or after Ring is closed. A wedge type pin is loosely 
but inseparably cast into the hinged section for 
fastening this section after pipe is in place. 



Fig. No. 104 
Sjilit Ring 



Fig. No. 174 
Swivd Pipe Roll 


Adjustable Swivel Pipe Rolls (Patented) 


An adjustable type of pipe roll using a 
single hanger rod. Swivel Shank allows 
vertical adjustment and automatically 
locks, preventing loosening from vibration. 

CB-Universal Concrete Inserts 
(Patented) 

Made of air furnace malleable iron, in 
one body size, to take a special removable 
nut, tapped for in., in., in. or 
% in. rod as required. Nuts automatically 
jock by means of V-type teeth on both 
insert and nuts. 



Fig. No. 28M 
CB-Unimaal Ineerl 


GRINNELL WELDING FITTINGS 



PO* EtbovB, Long Turn 


Grinnell Welding Fittings are made from 
Seamless Steel Pipe or tubing and possess 
the same physical characteristics as stan- 
dard, extra strong and o.d. steel pipe or 
seamless steel pipe of comparable size. 
They can be used under the same con- 
ditions, pressures and temperatures as the 
pipe itself. 

All Grinnell Welding Fittings have weld- 
ing faces for all plain circumferential butt 
welds scarfed or beveled as follows: For 
wall thicknesses He ^0 % inch inclusive, 
37}^ deg. =t 2H deg,, straight bevel. 
Angles of bevel other than 37^ deg. can 
be furnished on special order. 



Wdding Outlet 



Wdding Tee 



La^Joint Stub End loith 
Lap Flange attached 



Threaded OuRd 
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William S. Haines & Company 

12th and Buttonwood Sts., Philadelphia, Pa. 

Manufacturers of 

EQUIPMENT FOR VAPOR AND VACUUM HEATING SYSTEMS 


PRODUCTS — Haines Vento Radiator Traps, Medium Pressure and Blast Type 
Traps, Combined Float and Thermostatic Traps, Air Eliminators, High 
Pressure Thermostatic Traps, Boiler Return Traps, Radiator Valves. 


HAINES F & T TRAPS 



Designed to handle 
large quantities of con- 
densation. For drip- 
ing steam mains, unit 
heaters, hot water gene- 
rators. etc. Cannot 
become air bound as it 
has a thermostatically 
controlled air by pass. 
Sizes in., 1 in., 
in., in. 


HAINES MEDIUM PRESSURE TRAPS 

A ruggedly 
constructed 
bolted case 
trap. Ideal 
for hospital 
and kitchen 
equipment 
and all pro- 
cess work 
operating on pressure up to 60 pounds. 



HAINES MODULATING VALVES 



A packless valve 
assuring positive 
and leak proof 
performance. 
Completely 
opens or closes 
on less than a 
full turn of han- 
dle. Can be fur- 
nished with 
wheel or lever 
handle or lock- 
shield. 


HAINES RADIATOR TRAPS 

The thermostatic ele- 
ment in all Haines 
Traps is a Bourdon 
tube, charged with a 
volatile fluid and her- 
metically sealed. The 
expansion and 
contraction of 
the fluid, under 
varying tem- 
peratures, fur- 
nishes the op- 
erating power. 

The vertical seat of this trap prevents it 
from becoming inoperative from scale or 
other foreign matter. 



HAINES HIGH PRESSURE TRAPS 

For drip- 
ping high 
pressure 
mains, 
laundry 
equip- 
ment and 
all process 
fixtures 

with working pressures up to 125 pounds. 



HAINES BOILER RETURN TRAPS 


For vapor and 
atmospheric 
heating systems. 
Assures positive 
circulation by 
venting the air 
and returning 
the water of con- 
densation to the 
boiler. Has no 
stuffing boxes or 
packed joints to 
leak air or water. 



Each device is individually tested, factory adjusted and guaranteed. 
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Hoffman Specialty Co., Inc. 

General Office and Factory 
1001 York Street, Indianapolis, Ind. 

Sales Representatives In Principal Cities 


Manufacturers of Adjustable Port Radiator Venting Valves, Quick Vents and 
Air Eliminators for One and Two Pipe Steam and Vacuum Systems; Hoffman 
Supply Valves, Traps and Basement Specialties for Controlled Heat Systems, 
Air Conditioner Hoffman-Economy Vacuum and Condensation Pumps, and 
Hot Water Controlled Heat Equipment. 


AIR VALVES 

The Nos. 1, lA and 40 are used for venting radiators 
on One and Two Pipe oil or gas automatic fired 
Steam Systems, and the Nos. 4, 4A, 75 and 75A are 
used in conjunction with these valves for venting 
steam mains, risers and other quick venting service. 

VACUUM VALVES 

The Nos. 2, 2A Vacuum Air Valves feature the 
Hoffman Double Air Lock consisting of the vacuum 
check and vacuum diaphragm. These valves are for 
use on coal burning hand or stoker fired One Pipe 
Vacuum Systems; and for venting ends of steam mains 
or heating risers, where it is also desired to prevent 
the return of air into the system, the Nos. 6, 16, 16A, 
76 and 76A vents are used. 



HOT WATER CONTROLLED HEAT EQUIPMENT 


The Hoffman Tempera- 
ture Controller is con- 
nected by capillary tubing 
to the Outdoor Tempera- 
ture Bulb, and to the 
Water Temperature Bulb 
installed in the supply 
main. Variations in out- 
door and circulating water 
temperatures are instantly 
transmitted by these two 
Bulbs to the Temperature 
Controller which electric- 
ally opens or closes the 
Control Valve. 





Ovidoor Temperature Bulb 
located on exterior of building 


The Hoffman Control 
Temperature Valve, Admission of 
ContrdUr ^ot water from the 
boiler into the circu- 
lating system is con- 
trolled by^ this valve. 
It is opened 
and closed elec- 
trically when 
actuated by de- 
mands for more 
or less heat from 
the Hoffman 
Temperat ure 
Controller. 





Control 

Valve 


Avail- 
able in 
sizes to 
corre- 
spond 
with 
Hoff- 
man Cir- 
culator. 



Water Tempera- 
ture Bulb 


The Hoffman Circulator is a centrifugal 
pump of large capacity, low power con- 
sumption and furnished in all standard 
sizes. It is installed in the return main 
and operates continuously except when 
outdoor temperature rises above 65 deg. 
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HOFFMAN CONTROLLED HEAT 



No. 7 Modulating Valve 


A Hoffman Controlled Heat System consists of the 
No. 7 Adjustable Orifice Modulating Valve on the supply 
end of the radiator, the No. 8-A Thermostatic Trap on 
the return end and either a Hoffman Differential Loop (for 
coal-fired installations operating at pressures up to 
8 oz), or a Boiler Return Trap where higher pressures 
are encountered, for returning the condensate to the boiler. 

SUPPLY VALVES 

Besides the No. 7 Adjustable Orifice Modulating Valve 
the Nos. 37 and 80 series (not illustrated) represent a 
complete line of Packless Supply Valves that meet the 
exacting requirements of architects and engineers. 


THERMOSTATIC TRAPS 

The line of Bellows Type Thermostatic Traps, with 
hydraulically formed and tested bellows, consists of the 
Nos. 17-A, 8-A and 9-A, and are principally used 
for low pressure steam or vapor systems. These traps 
have nominal capacities from 200 sq ft up to 700 sq ft 
of radiation.^ The Nos. 8-A and 9-A have renewable 
elements, which combine the thermostat, valve pin and 
renewable seat into a single unit. 

The No. 10-A Hoffman Trap, which is equipped with 
waterhammer proof bellows, 1 in. connection, has a at- in 

nominal capacity of 2800 sq ft. ^ 

The Nos. 8 and 9 Traps have a thermostatic element consisting of three chambers each 
having a top and bottom diaphragm. These chambers are all joined together and the 
complete thermostatic member is housed in a cage and is not attached to the valve body 
or cap. This allows the thermostatic element and valve pin to be easily removed and 
replaced without adjustment. These traps range in sizes from % in. to 1 in., are medium 
pressure traps, and are recommended where pressures up to 50 lb are encountered. 

The Nos. 20-H and 21-H High Pressure Traps are equipped with waterhammer proof 
bellows, for use on pressures up to 125 lb. Available in ^ in. to 1 in. connection. 




No. 60 Series Trap 


DRIP AND HEAVY DUTY TRAPS 

Where large amounts of condensation are encountered, 
it is recommended to use one of the float and thermostatic 
traps, which are available with or without the thermostatic 
element. These traps are available in large capacities and 
are mainly used for venting and dripping risers, steam 
mains, unit heaters, blast coils, etc. These traps are made in 
four different pressure ranges 15 lb, 30 lb, 60 lb, and 125 lb. 


VACUUM AND CONDENSATION PUMPS 


The Hoffman-Economy line of Vacuum and Condensation Pumps offers a dependable 
method of economically returning the condensation from larger heating systems to the 
boiler. These pumps are made in single and duplex units, for varying capacities and 
pressures. 

HOFFMAN SALES AND SERVICE 


Hoffman Products are sold and stocked by leading wholesalers of heating and plumbing 
supplies everywhere. Hoffman representatives are available to assist in selection of 
suitable equipment for various services. 
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ILLINOIS ENGINEERING COMPANY 


General Offices 
and Factory: 


Chicago 



Branches and 
Representatives 
In Principal Cities 


Illinois Steam Trap 

Valve and 
stem are 
separate 
from the 
bucket and 
operated only 
by the bucket 
at the ex- 
treme top 
and bottom 
of travel — 
result — valve 
is always 
either full 
open or tight 
closed. No 



Series SO 



Series HG 


wire drawing or cutting of valve and seat 
which are of stainless steel. 

Illinois Thermostatic Traps for 
High Pressures 

Maximum working pres- 
sure 150 pounds. Used 
where neat appearance and 
compactness are desirable, 
as for trapping sterilizers 
or water stills in hospitals; 
steam jacketed kettles, 
coffee urns, warming 
tables and for process work. Also used 
extensively for air vents on blast type 
drying heaters. Multi-diaphragm of 
phosphor bronze. Heavy duty bronze 
body. Made in three sizes. 

These traps are also furnished for 
medium pressures. 

Steam and Oil Separators 

Eclipse steam sepa- 
rators are made in both 
horizontal and vertical 
type, and also the 
special receiver sepa- 
rators for standard or 
extra heavy pressures. 

Eclipse oil separators 
are furnished in the 
horizontal type and 
have a removable baffle 
plate to facilitate clean- 
ing of baffle and keep- 
ing the separator’s effi- 
ciency at the highest point. 



Vertical Standard 
Separators 


Illinois Motorized Valves 
(on and off) 

For automatic con- 
trol of steam temper- 
atures and pressures 
to prevent overheat- 
ing and conserve 
steam; to control fluid 
levels; and to regu- 
late flow in hot water 
heating systems. 

May be operated by 
any automatic con- ^ TypeE 
tact device or by manual switches. 

Furnished in three types. 



Spring Controlled Regulating Valve 

Furnished in either single 
seated or double seated type 
as the service conditions re- 
quire, for the control of 
steam, air or gas. Con- 
trolling spring is completely 
enclosed, protecting it from 
dirt and rust. Valves are 
furnished with the proper 
size diaphragm and the 
proper length spring to give 
satisfactory service under 
all operating conditions. Pig. 
Furnished also in weight 
loaded type, Fig. 71. 



Master Type Pressure Regulator 

Used wherever high 
pressure steam must be 
accurately reduced in 
varying amount to any 
steady lower pressure, in 
service such as hospital, 
laundry, cooking, process, 
dry kilns and railway 
steam control. It will re- 
duce initial pressure up to 
250 pounds down to any 
lower pressure. Does not 
build up pressure on a 
closed or dead end line. Made of bronze 
with monel metal valves and seats. 



Fig. 142 
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ILLINOIS ENGINEERING COMPANY 


General Offices 
and Factory: 

Chicago 



Branches and 
Representatives 
In Principal Cities 


Illinois Thermo Radiator Traps 

Illinois 
Thermo Ra- 
diator Traps 
for vacuum, 
vapor and 
low pressure 
heating sys- 
tems. Has 
Series G conetype 

T-i 1 valve. 

Flushes thoroughly and seats perfectly at 
all times. Valve and seat are of Nitralloy. 
The duplex diaphragm is of special phos- 
phor bronze. Scientific design and rugged 
construction assure flexibility and long life. 
These diaphragms have withstood over 
three million strokes on a breakdown test. 



Vapor Gauge 

Illinois Selective Pressure 
Control Systems 

An entirely new and unique 
method of Steam Circulation 
Control . . . Heating Systems 
that set new standards in 
comfort, economy, simplicity 
and convenience of operation. 
Each system is individually 
engineered to meet the exact 
requirements. Recorded fuel 
savings, without sacrifice of 
Illinois Selec- comfort, warrant your inves- 
hve Controller tigation. Ask for Bulletin 16. 

1027 


Illinois Modulating Supply Valve 

Quick-opening, 
packless. Steam tight 
on 50 lb pressure. 

Large diameter of 
thread spool and ma- 
chine cut threads 
make valve operation 
easy. Furnished in a 
complete line of sizes 
and patterns. 

Illinois Vapor System 

A two pipe low pressure steam circu- 
lating system which may be installed in 
any type of building, where the condensate 
can return to the boiler by gravity. 

A sensitive damper regulator or other 
means of automatic control is used to 
control initial steam pressure above, at or 
below atmospheric pressure. Steam is 
regulated at the radiators by Illinois 
Modulating Supply Valves. Condensate 
and air are discharged from the radiator 
through Illinois Thermostatic Radiator 
Traps. In the boiler room a Vapair Vent 
Trap and Boiler Return Trap are installed 
near the boiler. The vent trap eliminates 
air from the system and the Return Trap 
insures return of condensate to the boiler. 

The system and the piping arrangement 
are simple. No metering orifices or vacuum 
pumps are needed. This system will be 
found suitable for many installations where 
low first cost and low operating cost are of 
prime importance. May be used with unit 
heaters or any type of radiation. 

Illinois Combination F & T Traps 

Unsurpassed for 
draining ventilating 
units, unit heaters, 
and for dripping 
mains and risers — 
wherever it is desira- 
ble quickly to vent air 
from the main as well 
as handle the water of 
condensation in 
quantity, whether 
Series 7G hot Or cold. 
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Sarco Company, Inc. 

475 Fifth Ave., New York, N. Y. 

Branches in Principal Cities 

SARCO CANADA LIMITED, 85 Richmond St., W., Toronto, Ont. 


PRODUCTS— A complete line of Specialities for Vapor, Vacuum and Gravity 
Steam Heating Systems and Control combined with a competent Engineering 
Service to architects and heating engineers to assist them in providing modern 
heating. 



Bellows-Packless Valve 



Float-Thermosiattc Trap 



Inverted Bucket Trap 


SARCO RADIATOR TRAPS 

Sarco Heating Systems are “prestige Systems.” The 
traps and valves are the system as far as maintenance 
and cost are concerned. 

Sarco Type H Traps — Are available in angle, 
straightway, and corner patterns. The Sarco Thermo- 
static Bellows — made by special machinery, has not 
been duplicated or even imitated with success. It works 
efficiently, repeatedly and persistently. It has worked 
that way for a quarter of a century. Sizes 3^ in. to 1 in. 
Catalog HV-45. 


SARCO RADIATOR VALVES 

Sarco Packless Valves — Used for one and two pipe 
heating systems and are truly packless. Steam leaks 
are impossible. Furnished with round or lever handles 
or lock shield in angle, straightway, or corner patterns. 
Sizes in. to in. Catalog HV-45. For Hot 
Water Heating Systems, Catalog HV-175. 


SARCO N-lOO TRAP 

For high pressure radiators and heating coils in sta- 
tionary and marine service, and for hospital and kitchen 
equipment. Has full length protecting shield and 
stainless steel valve head and seat. Sizes in. to 1 in. 
Catalog HV-46. 


SARCO FLOAT-THERMOSTATIC TRAPS 

For dripping ends of mains and risers, and for stack 
or blast heaters, large unit heaters and hot water 
generators. Automatic thermostatic air vents built in. 
Available in six sizes with connections in. to 2 in. 
Catalog HV-38. 


SARCO INVERTED BUCKET TRAPS 

Are recommended for high pressure unit heaters and 
sometimes preferred for kitchen and laundry equipment. 
Strainers are built right into these sturdy traps. Seats 
and valves are stainless steel and renewable. Ther- 
mostatic air vents can be furnished on the larger sizes. 
Available in sizes in. to 2 in. for pressures up to 900 
lb. Catalog HV-350. 
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SARCO ALTERNATING RECEIVER 

A complete line of boiler return traps for vapor 
systems. 

Returns water of condensation to boiler auto- 
matically, thereby assuring positive return of water 
under all pressure conditions. 

Made in six sizes for from 1,500 to 25,000 sq ft of 
radiation. Catalog HV-45. 



Alternating Receiver 



SARCO AIR ELIMINATORS 

For venting air from vapor systems at one 
central point in the basement. Available in 
two sizes: No. 6 for systems up to 3,000 sq ft 
and No. 12-A for 15,000 sq ft. Both are 
equipped with float valves to stop water 
escaping through the vent and with check 
valves to prevent ingress of air when system is under 
vacuum. Catalog HV-45. 


SARCO SELF-CONTAINED 
TEMPERATURE REGULATORS 

Sarco Temperature Regulators are simple, self- 
operated valves — the only self-contained units that use 
the irresistible force of liquid expansion. No stuffing 
boxes to leak, no auxiliary ‘‘power’* required; all 
moving parts are inside the equipment. Here again — 
a type and size for every purpose — for steam, gas, oil, 
water or brine for temperatures ranging from 0 to 
400° F. Catalog HV-52. 


SARCO WATER BLENDERS 
AND TEMPERING VALVES 

For mixing hot and cold water to deliver automatically w'ater 
at any desired temperature. « Two models are available, type MB 
for showers, wash basins, etc., and type DB, a tempering valve 
for use with submerged heating coils or tankless heaters. Catalog 
HV-800. 



Standard for hot 
water storage 
tanks, fan units, 
etc. 



Sarcoiherm Weather 
Control Valve 


SARCOTHERM HOT WATER HEATING SYSTEM 

A simple, all-mechanical system for the control of radiator 
temperatures in direct relation to outside temperatures. Radia- 
tion is balanced by Sarcoflow fittings in the radiator outlets. 

The Sarcotherm three-way valve recirculates a varying pro- 
portion of water around the boiler and back to the system as 
dictated by the thermostatic bulb outside the building. Catalog 
No. HV-175. 



Balancing Fitting 
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Triplex Heating Specialty Co., Inc. 

242-268 Grant St. Peru, Indiana 



Direct Drive 


HOT WATER SYSTEMS AND SPECIALTIES 

DIRECT DRIVE AQUALATOR 

A most powerful Circulator. The design of the pump proper 
is the result of years of experiments. It will deliver water 
against an 11 ft head — about twice as powerful as direct 
driven pumps. The trouble-free coupler combined with the 
unique stuffing box assures lasting service. The Circulator is 
lubricated, protecting the bearings and stainless steel shaft. 
Every motor is protected with an automatic overload switch 
and meets all states, electrical codes. 

Motors of all Voltages and Cycles carried in stock. 

SIZES AND CAPACITIES 


No. 

Size 

60Cyc.llOV 
Motor Size 

Circulator 

R. P. M. 

Rad. Cap. 
SqFt 

Storage 

Tank Cap. 

Gals. 
Per Min 

Max. 

Head 

End to 
End 

Ship. 

Wt. 

22D 

V/ 

1/8 H. P. 

1750 

300 

500 gal. 

20 

11'/2' 

83/4" 

46 

23D 

V 

1/8H.P. 

1750 

500 

1000 gal. 

25 


83/4" 

46 

24D 

1'// 

1/6 H. P. 

1750 

800 


35 

ll’/z' 

sw 

46 

25D 

\w 

1/6 H. P. 

1750 

1200 



ll’A' 


46 

26D 

2" 

1/6 H. P. 

1750 




"ll'A' 

83/4" 

56 



1/4 HP. 

1750 



mm 

12' 

ll>/4" 

65 


2Vi^ 

1/3 HP. 

1750 




14' 

in/4" 

85 



Straight Type 
Flow Control Valve 


THERMOLATORS 

Only one Flow Control Valve is required in a 
properly balanced Flow Control System. For 
best operation, the air should be eliminated from 
the boiler and carried directly to the expansion 
tank. The Anti Gurgle Fitting shown in the 
bottom of the Flow Control Valve positively 
accomplishes this. TRIPLEX Flow Control 
Valves have a convenient lever handle to set the 
valve for emergency or seasonal operation. The 
Anti Gurgle Fitting is not inlcuded with the 
price of the Thermolator. 



Angle Type 
Flow Control Valve 


No. 

Size 

Width 

Height 

SqFt Rad. 

Ship. Wt. 

123 

I' 

4" 

4" 

500 

4 

124 

1'/4" 

5" 

W 

800 

9 

125 

F/z" 

5Vi" ! 

872" 

1200 

11 

126 

2" 

6" 

93 / 4 " 

2000 

15 

127 

3" 

63/4" 

9»/2" 

5000 

28 


No. 127 is not 
an angle type. 
When ordering 
specify straight 
or angle type. 


FLOW CONTROL SYSTEMS COMPLETE 


SIZE INCHES 

3 / 4 " p. r FCV 

r p. r FCV 

iy4"P.iy4"Fcv 

l’/2"P. P/z^FCV 

2" P. 2" FCV 

3" P. 3" FCV 

No. of System 

22-3-501 

23-3-502 

24-4-503 

25-5-503 

26-6-504 

27-7-5044 

Sq Ft Rad. 

300 

500 

800 

1200 

2000 

5000 
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TRIPLEX DISTRIBUTOR and AIR ELIMINATOR FITTINGS 



COPPER PIPE DISTRIBUTORS 


Mam 

Pipe Size 

Run 

Outlet 

Ship. 

Wt. 



Vi" 

1 lb. 

r 


V2''orW 

IV 2 lbs. 

VA- 

W X VA" 


2 lbs. 

Wi" 

! Wi" X Wi" 

V2^or3// 

3 lbs. 


IRON PIPE DISTRIBUTORS 


CUT OPEN VIEW OF 
TRIPLEX DISTRIBUTOR 


TRIPLEX 

DISTRIBUTOR 

Circulating fittings for one 
pipe systems. Efficiency 
comparable to a two pipe 
system. Only one fitting 
per radiator, except where 
basement radiators are in- 
stalled which require two 
Distributors. By closing a 
radiator valve the full area 
of the main is bypassed 
through the fitting to the 
balance of system. 


SAFE-T BOILER PLUG 

|M|| Positive relief from dan- 

gerous pressures. Includ- 
ed with Flow Control 
Systems (complete), 
Tank-in-Basement Sys- 
tems, No. 7 and 8 Con- 
trol Units. Breakages of 
boiler from excessive 
pressure eliminated and 
No. S6 protection assured. 


Size 

Tapping 

No. per 
Box 

Wt. per 
Box 


3//x3//x«/2^ 

6 

9 

r 

r X r X yi” -r x r x 3/4" 

6 

11 

VA" 

i»/4^x i«/4''xy2''-y4'"-i^ 

6 

13 

v/2" 

I'A'^x 11/2^ X 1/2" -V 4 ^-l^ 

6 

18 

T 

2 "x 2 '^xl/ 2 ^- 3 / 4 --r 

6 

24 




AIR ELIMINATOR 

A positive method of per- 
manently eliminating air from 
concealed copper or cast iron 
radiator after the system is 
vented the first time. Sizes 
1 to 3 in. 


No. 

Break. 

Pres. 

Breaking 

Dia- 

Dimensions 

Ship. 

Wt. 



phragms 

Wd. 

Ht. 

Dia. 

36 

; 40 lbs. 

Wht. Iron 

Lead 

3V2 


3>/2 

3 lbs. 

37 

75 lbs. 

Wht. Iron 

Uad 

3y2 

4V2 

3'/2 

3 lbs. 

IT 

100 lbs. 

Wht. Iron 

Lead 

3»/2 

4«/2 

3'/2| 

3 lbs 


125 lbs. 

Wht. Iron 

Lead 

m 

4V2 

Ml 

3 lbs. 



reduced with the Pressure Reducing Valve. The 
fast-jfiUinii feature will save the cost of the 
unit in time saved filling the system. The 
Relief Differential Type Valve, seating under water 
and has lever for testing and flushing. Check is 
between Relief and Pressure Reducing Valves. 

7 CONTROL UNIT is a positive protection against boiler breakages from pressure. 


TRIPLEX CONTROL UNITS 

Easily installed. All water strained as it enters 
system. Strainer cast integral with Pressure 
Reducing Valve. Proper amount of water main- 
tained in the system and the city water pressure 
No, 


No. 

Tapped 

Body 

Diaphragms 

Springs 

Dimensions 

Ship. 

Wt. 


Ht. 

Dia. 

15 


R. P. Iron 

Bronze 

BZ.&R.P.SU. 


mum 

3y4" 

91/4 lb». 

7 

V 4 " 

R. P. Iron 

Bronze 

Bz. & R. P. Stl. 


^A" 

3%" 

12y4lb8. 

14 

V 2 " 

R. P. Iron 

Bronze 

Bzl 8k R. P. Stl. 

93/4^ 

W 

3%" 

73/4 lbs. 

14B 

V 2 " 

R. Brass 

Bronze 

Bz. 8t R. P. Stl. 

93/4-' 

63 / 8 ^^ 

31/4" 

7'lbs. ' 

8 

V 2 " 

R. P, Iron 

Bronze 

Bz.8kR. P.Stl. 

93/4^^ 

63 / 8 " 

3%" 


13 

y/' 

R. P. Iron 

Bronze 

Bz.8tR.P.SU. 

93/4^ 

6" 

3>/4" 

7'/2lb». 

45 

V 4 " 


Comp. 

Bz. 8k R. P.Stl. 

12 ^ 

V 
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WARREN WEBSTER & COMPANY 


Pioneers of the Vacuum System of Steam Heating 


’Since t888 



Systems of 
Steam Heating 


Main Office and Factory: 
Camden, New Jersey 

Representatives in Principal Cities — 
Consult Your Local Phone Directory 



UNIT HEATEHB 


PRODUCTS AND SERVICES 

Webster Systems of Steam Heating 
including Vacuum and Type “R” 
(vapor). 

Webster Central Control Systems 
including HYLO and MODERATOR. 

Modernization of Obsolete and 
Faulty Heating Systems. 

Webster System Equipment in- 
cluding Light-Weight Concealed Ra- 
diation (Gravity Convection Heaters), 
Radiator Supply Valves, Metering 
Orifices, Thermostatic Traps, Drip 
Traps, Heavy Duty Traps, Dirt Strain- 
ers, Dirt Pockets, Boiler Return Traps, 
Vent Traps, Damper Regulators, 
Boiler Protectors, Lift Fittings, Ex- 
pansion Joints, Separating Tanks, 
Steam and Oil Separators, Steam 
Vacuum Pump Governors, Air Sepa- 
rating and Receiving Tanks, Gages, 
Water Accumulators. 

Webster Series “78” and Series “79” 
Traps for use at process pressures (10 
to 150 lb per sq in.) 

Webster-Nesbitt Unit Heaters and 
Residential Conditioners. 

WEBSTER SYSTEMS 

Webster Systems are low pressure, two- 
pipe systems of steam circulation with the 
addition of accurately-sized metering ori- 
fices at radiator supply connections and, 
when required, intermediate metering ori- 
fices at points in branch mains. Metering 
orifices effect even distribution of steam to 
all parts of the heating system and permit 



Fig. 1. Conventional arrangement of piping around 
Webster Basement Equipment for the Webster Type 
“R" System 


the successful application of a centralized 
control. Webster Valves are used at sup- 
ply of radiators. Webster Thermostatic 
Traps prevent flow of steam into return 
mains when radiators are filled. Webster 
Drip Traps and Dirt Strainers are used 
where needed on steam mains. Webster 
Systems are available for vacuum, open 
return or “vapor” operation. The Type 
“R” System corresponds to the so-called 
Vapor type. Fig. 1 illustrates a typical 
arrangement of Boiler Return Trap, Vent 
Trap, etc., when low pressure boiler is the 
source of steam. 

WEBSTER CENTRAL CONTROLS 

These are patented systems for varying 
the amount of steam to all radiators ac- 
cording to outside temperature. They 
provide continuous heat delivery with effec- 
tive fractional filing of radiators. The 
Hylo Systems may be provided for 
manual control, or if desired, may be 
semi-automatic by incorporation of mside 
thermostat or thermostat and schedule 
clock. The Moderator Systems employ 
an automatic Outdoor Thermostat sup- 
plemented by a manual Variator. 

The latter is used for quick heating-up, 
night load, and unusual weather or oc- 
cupancy conditions. Use of Webster 
Central Control Systems results in (1) 
increased comfort because over-heating 
and underheating are minimized and (2) 
lower fuel or steam costs. 



Fig £. XVebster System Radiation 
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WEBSTER SYSTEM RADIATION 
Concealed, non-ferrous type for use 
exclusively with Improved Webster Sys- 
tems. Is unique in that it combines in a 
single unit, a light-weight heating element 
of high efficiency with an orificed radiator 
supply valve, a radiator trap and supply 
and return piping connections. Metal 
enclosures for installation within the wall 
and exposed metal cabinets are available. 
Webster System Radiation and enclosures 
are so designed that the entire heating 
element can be quickly removed without 
damage to plaster or paint. Space require- 
ments reduced to a minimum and instal- 
lation greatly simplified. 



Fig. 8. Webster Type“WB-P’' Valve 


RADIATOR SUPPLY VALVES 

The new 
Webster Se- 
ries 600 and 
Series 600S 
are supply 
valves of 
highest quali- 
ty designed 
to eliminate 
the many 
sources of an- 
noyances 
caused by 
valves of in- 
ferior design 
and quality. 
Webster Sup- 
ply Valves open quickly and easily in less 
than a turn of the handle. They have non- 
rising stems. Steam can actually be shut 
off from radiators because they seat posi- 
tively. 

Type “WB-P” Valve (Series 600 P)— 
Uses a heavy Stainless Steel spring to auto- 
matically maintain pressure on the packing. 
Modulation sleeve furnished on special 
order at slight added cost. This type 
entirely suitable for hot water heating 
service; furnished with or without leak 
hole as desired. 

Type ^‘WB” Valve (Series 600)— Has 
high quality features of Type “WB-P” 
valves but differs in that it uses a screwed 
packing gland. 

Sylphon Packless Valve (Series 600S) 
— Same features as Type *‘WB” except for 
genuine seamless Sylphon Bellows to com- 
pletely encase valve stem. Meets fully 
"bellows packless" specifications. Modu- 
lation sleeve is standard equipment for 
and 1 inch sizes. Not suitable for 
hot water heating service. 

Bodies and Handles — Angle Body is 
made in and iach sizes; 

right corner, left corner, straightway (both 
single and double union) bodies in % and 
1 inch sizes. 

The ^ in. size is available with H spud 


also. Choice of wheel, lever, lockshield, 
chain wheel, and extended stem handles. 


Pressures 
— For low 
pressure vapor 
and vacuum 
steam heating 
service. Maxi- 
mum pressure 
for Series 600S 
Sylphon Pack- 
less Valve, 20 
lb per sq in.; 
for Series 600 P 
Type"WB-P” 
and Series 600 
Type "WB” 

75 lb per sq in. 

Other Webster 
Valves are 
available on 

order for higher maximum pressures. 



Fig. 4- Webster 
Sylphon Packless Valve 



Fig. 5 Metering Orifice Inserted in Union 
Connection of a Webster Supply Valve. 

Other types are available. 

Metering Orifices — Accurately sized 
and made of heavy gage Monel Metal to 
resist erosion and corrosion, amply thick 
to be free from vibration and shaped for 
quiet operation. 


RETURN TRAPS 
Sylphon- 
Perfected 
thermostat- 
ic bellows 
trap, fully 
compensat- 
ed for pres- 
sure. Stain- 
less steel 
valve piece 
and renew- 
able seat. Fig. 6. Webster 502 Sylphon Trap 
Factory ad- 
justed. Made in angle, right-corner, left- 
corner, vertical and straightway bodies. 
Sizes: % and 1 in. For low pressure 
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vapor and vacuum steam heating service. 
Maximum pressure 25 lb per sq in. 



Series 
“7M” — 

Perfected 
diaphragm- 
type ther- 
mostatic 
trap, fully 
compensat- 
ed for pres- 
sure, Uses 
Monel 
Metal dia- 
ph ragm , 

Stainless Steel valve piece and seat insert. 
Renewable seat. Factory adjusted. Made 
in angle, right-corner, left-corner, vertical 
and straightway bodies. Sizes: 
and 1 in. For low pressure vapor and 
vacuum steam heating service. Maximum 
pressure 26 lb per sq in. 

Series 7 with phosphor-bronze dia- 
phragm, brass valve piece and seat is also 
available. 


Fig. 7. Webster Size 702-M Trap 



Fig. 8. Webster Size 0026-T Drip Trap will handle 
1100 lb Water per Hour at B lb Pressure Difference 

Series “26” — heavy duty trap for 
drips of mains, blast radiation, unit 
heaters, hot water generators and similar 
applications. A rugged float-type trap 
available with and without thermostatic 
air vent. Made in six sizes: 400, 1100, 
1600, 3000, 6000 and 11,700 lb water per 
hour af 2 lb pressure difference. Maximum 
working pressure is 15 lb per sq in. 


‘ Series “78” 
— thermostatic 
trap built for 
process steam 
pressures (10 to 
150 lb per sq 
in.). Monel 
Metal d i a - 
phragm. Stain- 
less Steel valve 



Fig. 9, Webster 
Size 782 Trap 


piece and seat insert. Angle model only. 
Sizes: % and 1 in. Extensively 

used with laundry, cooking, sterilizing 
and other process-steam uses. 

Series “79” — For use where large 
volumes of very hot condensate form more 
quickly than can be discharged by thermo- 
static traps alone. Float and thermostatic 
traps designed for normal working pres- 
sures between 15 and 150 lb per sq in. 
Water of condensation is passed through a 
float-controlled seat opening while air is 
discharged into the return piping by a 
thermostatically controlled vent. Com- 
pact and light in weight. Can be readily 
mounted in a pipe line without other 
support. Available with either in. or 
1 in. inlet and outlet. 

Cast iron body, copper asbestos gasket 
and cover bolted together with steel cap 
screws. Monel Metal valve piece and 
stem. Stainless steel seat. Air vent unit 
is Monel Metal diaphragm with Stainless 
Steel valve piece and brass seat with 
Stainless Steel insert. 

DIRT STRAINERS AND POCKETS 

Placed in return lines of steam heating 
systems to prevent dirt, rust and scale 
from impairing tightness of traps. 



Fig. 10. Size 34C-1 Webster Boiler Protector with 
Low Water Electrical Cut-out Switch. Size S4 has 
no Cut-out Switch 

BOILER PROTECTOR 

Prevents breakage in low pressure 
heating boilers when water level becomes 
inadequate. Automatically supplies raw 
water to boiler when water level drops to 
1 in. above bottom of gage glass. 

For maximum boiler pressure of 15 lb 
per sq in. Maximum cold water main 
pressure should not exceed 150 lb per sq 
in. : minimum must not be less than 25 lb 
per sq in. 

Made with % in. connections, with or 
without electrical cut-out switch. 
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WEBSTER-NESBITT UNIT HEATERS 

Are manufactured by John J. Nesbitt, 
Inc., Holmesburg, Philadelphia, Pa., and 
are distributed solely through Warren 
Webster & Company, Camden, New 
Jersey. Designed to circulate large vol- 
umes of air at comparatively low tem- 
peratures, assuring quick heating. 

Ratings of Webster-Nesbitt Unit Heaters 
are based on tests made in accordance with 
standard test code of Industrial Unit 
Heater Association and A.S.H.V.E. 



Fig. 11, Standard Propeller-Fan Type 

PROPELLER-FAN UNIT HEATERS 
Newly designed twenty-one unit models 
now available giving a wide selective range. 
Quiet large area blade fans. Rubber- 
isolated motors; single or multispeed. 
Compact suspended type. Sturdy casings. 
Modern styling. Catalog W-N 111. 

GIANT UNIT HEATERS 

Blower-fan type for 
economical heating of 
large areas. Floor- 
mounted, wall-mount- 
ed, ceiling-suspended, 
from 109,000 Btu, 2620 
cfm to 1,008,000 Btu, 
16,000 cfm with 2 lb 
steam, 60 degrees enter- 
ing air. With or with- 
^ out Ther mad j ust T em- 

1^1 perature Control 
^ Damper. Catalog 

W-N 104. 


Fig. 12 
Blower-Fan Type 

SERIES F 



UNIT HEATERS 
Centrifugal fan type 
for lobbies, showrooms, 
offices where quietness 
and appearance count. 
Four casing sizes with 
two radiator sizes avail- 
able for each casing. 
Floor or ceiling mount- 
ing. Publication W-N 
105. 



Fig. 14 

'^Little Giant" Down Blow Type 


Fig. 16. Horizon- 
tal Blow Type 


LITTLE GIANT UNIT HEATERS 

_ New, light, compact, draw - through, 
high-velocity units available in down blow 
and horizontal blow models. 39,200 Btu, 
710 cfm to 625,000 Btu, 9150 cfm. 

Down Blow Type— In general, indicated 
when the presence of cranes and other 
machinery requires that the unit and 
piping be located well above the floor level. 

Horizontal Blow Type — Application 
follows principles of heat distribution regu- 
larly employed in suspended blower fan 
type heater. Units are located closer to 
working zone than in the case of the Down 
Blow type. See Publication W-N 109, 

RESIDENTIAL CONDITIONERS 



Fig. 16 


Series R 


Series R — For large and small resi- 
dences. In two-section combinations for 
winter heating only with steam or hot 
water systems; or for heating, air cleaning 
and humidification (with a trouble-free 
cascade-type of humidifier) for summer 
cooling and dehumidification with cold 
water. Eight basic sizes: 750 to 4000 cfm. 

Series D — 
Simplified 
compact unit 
heating sys- 
tems for apart- 
ments and 
multiple resi- 
dences. Avail- 
a b 1 e with 
steam or hot 
water heating 
element. Three 
sizes: 300, 450, 
600 cfm. 

Series A — For apartments. All the 
newly designed features of Series D Units 
plus (in a little added space) air cleaning; 
winter humidification, and summer cooling 
with cold water. Four sizes: 350 to 1000 
cfm. Send for Publication W-N 107. 



Fig. 17 
Series D 


Fig. 18 
Series A 
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The Vinco Company, Inc. 

305 East 45th Street New York, N, Y. 



Boiler Cleanser 
8, 5 and 10 lb cans 



Rust Preventer 
1 qt cans only 


VINCO BOILER CLEANSER 

A positively harmless insoluble powder cleaner for new, 
remodeled and old heating systems. A unique, scientifically 
processed compound on a special formula not to be confused 
with other powder boiler cleaners. 

What Vinco Boiler Cleanser Does 

Vinco removes oil, grease, scale, rust and dirt from the internal 
surfaces and from the boiler water without the lahor^ expense, and 
uncertain results of blowing boilers over the top or of wasting returns. 

By this thorough cleaning Vinco prevents or cures foaming, priming, 
surging, and slow steaming. 

How Vinco Boiler Cleanser Works 

Each minute grain of Vinco powder adsorbs several times its 
own weight of oil, rust and dirt. These larger grains of adsorbed 
impurities then settle and are drained through the bottom 
according to directions on each can. 

Our Guarantees 

1. Vinco contains no potash, lye, soda of any kind, oil, acid, or 
other harmful ingredients. 

2. Purchase price is refunded if results are not as claimed when 
Vinco has been used according to directions. 


VINCO RUST PREVENTER 

When used after Vinco Boiler Cleanser has removed oil, 
grease, rust, scale and dirt, it will keep the rust inhibiting factors 
at the optimal constant for a year or more. (Testing kit below 
has complete instructions and chart.) 



VINCO TESTING KIT No. 10 


for Testing Heating Boiler Waters 


The kit enables the layman to make simple, rapid tests to 
diagnose and prescribe correct treatment of boiler waters right 
on the job, 

A new time saving method that permits valid conclusions 
heretofore requiring complicated and often lengthy laboratory 
analysis and technique. 

Each kit has sufficient material for complete tests on 100 jobs. 

Refills cost about 2 cents per test. 


Vinco Testing 
Kit No. 10 
{Patent applied for) 
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Soot-Off— 1 lb cans 
50 and 100 lb drums 



Liquid Boiler Seal 
1 gt. cans only 


VINCO SOOT-OFF 

Safely and thoroughly removes the insulating blanket of soot on 
fire pot, flues and chimney. It also insures against external corrosion 
(caused by dampness and soot forming sulphuric acid during summer 
layoff.) No dangerous chemicals. 

VINCO SUPERFINE LIQUID BOILER SEAL 

A different liquid seal. Unique in that it does not induce priming 
and foaming. It has no unpleasant smell. Makes speedy and 
permanent repairs of boiler and heating system leaks. Fine to tighten 
up new jobs. Directions simple. 

Quantities 

Steam and Vapor Systems — Use 1 quart Vinco Liquid Boiler 
Seal to each 6 sq. ft. grate area. 

Hot Water Systems — Use 2 quarts Vinco Liquid Boiler Seal 
to each 6 sq ft grate area. 

SPECIFICATIONS FOR COMPLETE VINCO 
Treatment of New or Remodeled Steam or 
Vapor Heating Systems 

j QUANTITIES OF VINCO (IN POUNDS) 
REQUIRED FOR HEATING SYSTEMS 


Do not use as a cleaning agent soda or 
any alkali, vinegar or any acid. Use 
Vinco. 

1. After the system is tested and tight, 
use the proper quantity of Vinco listed. 
After this first clean-out of any new or 
remodeled heating system, Vinco Boiler 
Cleaner need be used only if more piping, 
radiation, or another boiler is added to the 
original installation. 

2. After using Vinco Boiler Cleaner, 
Vinco Field Test Kit should be used to 
determine and apply the proper quantity 
of Vinco Rust Preventer. Vinco Rust 
Preventer should be applied annually or 
whenever the boiler water is drained for 
necessary repairs to the system. 

SPECIFICATION FOR OLD 
HEATING SYSTEMS THAT DO NOT 
PERFORM PROPERLY 

Diagnose and treat according to Vinco 
Field Test Kit. 

SPECIFICATION FOR 
HOT WATER SYSTEMS 

Use half quantities listed for treatment 
of steam systems to remove impurities. 
Then use test kit to determine proper 
quantity of Vinco Rust Preventer. 


(Note that quantities are based on actual 
installed radiation, not on boiler capacity.) 


Sq Ft of Radiation 

For Steam or 
Vapor Systems, 
to prevent or cure 
priming or foam- 
ing. Also for Hot 
Water Heating 
Systems main- 
tained at approx. 
200 F or above. 

Annually, to re- 
move nut. scale, 
dirt and for Hot 
Water Systems 
below 200 F. 

up to 350 

3 

l’/2 

351 “ 600 

5 

2'/2 

601 “ 1100 


4 

1101 “ 1400 

10 

5 

1401 “ 1800 

13 

6'/2 

1801 “ 2100 

15 

m 

2101 « 2700 . . 

18 

9 

2701 “ 3100 

20 

10 

3101 “ 3700 

23 

II'/2 

3701 « 4200 

26 

13 

4201 “4600 

28 

14 

4601 “ 5000 

30 

15 

5001 “ 5300. .. 

31 

15'/2 

5301 “ 5600 .. 

32 

16 

5601 “ 5900 

33 

161/2 

5901 “ 6200. 

34 

17 

6201 “ 6500. 

35 

1 71/2 

6501 “ 6800 . , 

36 

18 

6801 “ 7100 

37 

1 81/2 

7101 “ 7400 . . 

38 

19 

7401 “ 7700. .. . 

39 

19'/2 

7701 “ 8000 

40 

20 

8001 “ 8300 

41 

201/2 

8301 “ 8600 

42 

21 

8601 “ 8900 

43 

211/2 

8901 “ 9200 ... 

44 

22 

9201 “ 9500 . .. 

45 

22/2 

9501 “ 9800 

46 

23 

9801 “ 10100* 

47 

231/2 


♦Above 10100 sq ft use an additional pound Vinco 
for each additional 300 sq ft of actual installed 
ladiation. 


REMOVE SOOT WITH VINCO SOOT-OFF SEVERAL TIMES A YEAR 
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M^DONNELL&MILLER 

Safety Devices for Steam and Hot Water Boilers and Liquid Level Controls 
General Offices: Wrigley Building, Chicago, III* 




PRODUCTS: 


Boiler Water Feeders; Feeder-Cut- 
off Combinations; Low Water Fuel 
Cut-offs; Pump Controls, Low Water 
Alarms; Humidifier Water Level 
Controls; Safety Relief Valves for 
hot water heating boilers and 
storage tanks; Liquid Level Con- 
trols for a wide range of services. 

Boiler Water Feeders — McDonnell 
boiler feeders protect steam boilers from 
low water by automatically supplying 
water to the boiler when and as needed. 
See illustrations and service data opposite. 

Feeder Cut-off Combinations— For 
automatically fired boilers the No. 2 Low 
Water Cut-off Switch is added to form a 
feeder-cut-off combination, like the No. 
47-2, No. 51-2, etc. In such a combination 
the feeder takes care of the normal water 
requirements. In case of an emergency, 
such as excessive priming and foaming or 
failure of the pump, the low water cut-off 
switch stops the burner until emergency is 
passed. Electrical ratings of No. 2 Cut-off 
Switch: A.C.— M hp, 110-220 V.; D.C.— 
10 amp, 125 V. 

Low Water Fuel Cut-offs — If the 
feeder-cut-off combination is not desired, 
the No. 67 alone can be installed to de- 
pendably stop the burner when low water 
threatens. Has two switches — one oper- 
ates alarm or controls No. 101 Electric 
Feeder, other acts as low water cut-off. 
Rating (each switch): A.C. — ^ hp, 
115-230 V; D.C.— hp, 115 V. 

For high pressure jobs the No. 150 will 
serve not only as a low water fuel cut-off 
but also as a pump control and low water 
alarm-;-for pressures as high as 150 lbs. 
Electrical ratings, Cut-off and Pump Con- 
trol: A.C.— 1 hp, 110-220 V; D.C.— 
hp, 115-230 V. Alarm: A.C. or D.C. — 

1 amp, 110 V. Specify 150-M for manual 
reset low water cut-off. 

Advanced Features — A notable ad- 
vance in No. 47 and 67 is the deep sedi- 
ment chamber, with large capacity, 
straight-through (A.S.M.E. Standard) 
blow-off valve. Other features of feeders 
and cut-offs include: Quick-Hook-Up; 
Cool feed valve; finer stainless steel valves; 
large area built-in strainers; double switch 
construction of the No. 67; electric boiler 
water feeders; self-cleaning built-ins. 



JVo. 51-S Feeder-CtU- 
off Combmatton For 
automatically fired boil- 
ers above 5000 sq ft — 
maximum steam pres- 
sure S5 lbs. No. 51 
{without switch) for 
hand fired boilers. For 
pressures from 35 to 75 
lbs use the No. 53 
{Hand Firing) No. 
53-3 {Automatic 
Firing). 

Built-in’* Low 
Water Fuel Cut-offs — 
chosen as standard 
equipment on modern 
jacketed boilers. 

Self cleaning to 
insure depend- 
able operation. 
Should be speci- 
fied with the 
boiler. 


No. 47-2 Feeder 
Cut -0 f Combina- 
tion. For auto- 
matically fired boil- 
ers up to 6000 sqft 
capacity — maxi- 
mum steam pres- 
sure 25 lbs. No. 4?* 
is for hand fired 
boilers — same 
service range, with- 
out switch. For 
Process boilers up 
to 6000 sq ft. With 
Pressures up to 36 
lbs use No. 147 
{Hand Firing) or 
No. 147-2 {Auto- 
matic Firing) . 



No. 67 Low Water Fuel Cut-off. For 
automatically fired boilers of any size; 
maximum steam pressure 25 lbs. 



No. 101 Electric Water Feeder 
for use with No. 67 or Built- 
in cut-offs — converts into 
Feeder-Cut-off Combinations. 




No. 150 Combina- 
tion Pump Control, 
Low Water Fuel 
Cut-off and Alarm, 
for steam pressures 
up to 150 lbs. Has 
two switches: one 
controls pump — 
other stops burner 
and completes 
alarm circuit when 
water level falls to 
danger zone. 
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McDonnell Snap Action Safety Relief Valves 
McDonnell Safety Relief Valves are the maximum gross Btu output, 
first to be rated in Btu capacity — inability 
^ dissipate heat at their set relief pressure. 

design was inspired 


Their “snap action 
by exhaustive research which proved that 
the only proper solution to the problem of 
preventing explosions and losses of hot 
water boilers, domestic hot water heaters, 
and hot water tanks was to be found in a 
valve that would have sufficient discharge 
capacity at relief pressure to prevent 
further pressure rise when the boiler or 
domestic water heater is operated at 

No- 


The series includes Nos. 29 and 129 for 
hot water heating boilers and the Nos. 229, 
329 and 429 for domestic hot water heaters 
and tanks. The snap action mechanism 
(Pat. No. 2,248,807) provides, for the first 
time, a precision-built means of opening 
the valve wide at set pressure. Revolu- 
tionary features are hardened stainless 
steel cone instead of composition disc; long 
lived bellows diaphragm; remarkable ease 
of testing; complete protection of working 


parts; many other refinements. 

29 and No. 129 Safety Relief Valves for Hot Water Heating Boilers 



No, W-129 


-are rated in Btu capacity so that they can be 
matched to the gross Btu output of the boilers on 
which they are used: 

No. 29 for heating boilers with gross heat output up to 

156.000 per hour. 

No. 129 for heating boilers with gross heat output up to 

350.000 per hour. 

Set relief pressure of both No. 29 and 129 is 29 lbs. 
When used in accordance with their ratings they will 
prevent pressures over 29 lbs under all conditions — 
even such an emergency as a bottled up system with 
all temperature-limiting devices inoperative and heat input at maxi- 
mum. This is “safety the McDonnell Way.*' 

No. 229-329-429 Safety Relief Valves for Domestic 
Hot Water Heaters and Tanks 
Engineering fundamentals, confirmed by practical 
tests prove that there is just one simple rule to 
observe in protecting domestic hot water heaters and 
tanks: Keep the pressure below the maximum 
allowed by the manufacturer of the tank or heater 
and there will be no failures or explosions. 

To accomplish this, a relief valve must have 
capacity to dissipate the maximum heat to which the 
tank can be subjected. This means that it must be 
Btu-rated, just as for a hot water boiler, so that it can 
be matched to the service condition. Nos. 229,329 and 429 are so rated : 

No. 229 is for water supply pressure up to 50 lbs; handles approximate Btu 
output of 316,720. Inlet tapping 1 in.; outlet tapping % in. 

No. 329 is for supply pressure up to 75 lbs; handles Btu output of 380,896. 
Inlet tapping 1 in.; outlet tapping % in. 

No. 429 is for supply pressures up to 100 lbs; handles Btu output of 432,590. 
Inlet tapping 1 in.; outlet tapping % in. 

Never forget the pressure control — not temperature control — is 
the fundamental safety measure. You can have pressure and break- 
age without excess temperature, but you can’t have an explosion at 
any temperature, unless you have excess pressure. No. 229, 329 and 
429 are the first valves to be built and rated in such a way that they . 
will prevent excess pressure under all conditions — assuming, of course, f 
that their Btu rating is properly observed. 




On Direct 
Fired Heaters 


On Storage Tank 


McDonnell No. 217 Humidifier Water Control 



m No. 217, 
Complete with 
float chamber, 
tubing and 
saddle valve. 

• No. 117. 
Same as 217, 
omtUing tubing 
and saddle 
valve. 

• No. 17. Float 
and valve only. 


— automatically maintains proper water 
levels in evaporation pans of warm air 
furnaces. New snap action eliminates 
tendency of former controls to become 
stopped up by foreign matter or to stick 
and become inoperative. This valve has 
only two positions — tight closed and wide 
open. When water falls in. in pan it 
snaps wide open feeding a full stream that 
flushes orifice. Closes leak-tight against 
any water pressure up to 150 lbs. 
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SEVERN BOILER 
FOR COAL (stoker or 
hand-fired), OIL OR 
GAS 

An exceptionally effi- 
cient Boiler with many 
.new features for con- 
venience and economy. 
Ratings: Steam — 350 to 
780 sq ft, Water — 560 to 
1250 sq ft, installed radi- 
ation. 



OAKMONT OIL 
BOILER 

A highly efficient 
moderate priced Boil- 
er for small homes. 
Also supplied as com- 
plete boiler-burner 
unit with Arcoflame 
Burner. Ratings: 
Steam — 390 to 810 
sq ft, Water — 625 to 
1295 sq ft, installed 
radiation. 



IDEAL ARGOFIRE 
STOKER-BOILER 

Extra efficient, extra 
economical — especially 
designed for automatic 
stoker operation only. 
Ratings: Steam — ^900 
to 1,775 sq ft, Water — 
1,440 to 2,840 sq ft, 
installed radiation. 



“EMPIRE” GAS 
BOILER 

Designed by experts to 
burn gas efficiently, 
economically. All 
controls concealed. 
Ratings: Steam — 163 
to 1097 sq ft. Water — 
135 to 1755 sq ft, in- 
stalled radiation. 


ONE FAMOUS NAME 

One name and one responsibility backs the 
complete line of American Heating Equip- 
ment . . . the line that is complete for every 
heating need. It includes Boilers of every 
type — for hand or stoker- fired coal, oil or 


IDEAL REDFLASH 
BOILERS 
(All Fuels) 
Economical heat for 
any size building. 
Attractive red jacket, 
fully insulated. Four 
sizes. Ratings; Steam 
— 770 to 9,900 sq ft, 
Water — 1230 to 
15,840 sq ft, installed 
radiation. 



IDEAL WATER 
TUBE BOILERS 
(Oil or Stoker 
Fired) 

For medium to large 
size buildings. Noted 
for efficient perfor- 
mance. Three sizes. 
Ratings: Steam 650 
to 4600 sq ft, Water 
— 1040 to 7360 sq ft, 
installed radiation. 



STANDARD 
GAS BOILER 
Basically the 
same as the 
“Empire” Gas 
Boiler shown at 
left, but without 
jacket. Ratings: 
Steam — 400 to 
11,905 sq ft, 
Water — 135 to 
19,050 sq ft, in- 
stalled radiation. 
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FILLS EVERY HEATING NEED 

gas. It also includes Radiators, Convectors 
and Enclosures for every type of structure, 
as well as Accessories, domestic Water 
Heaters, Oil Burners and Oil Heating Units 
... all products of the world’s largest 
Heating and Plumbing organization. 



GttSSliOIIOKTIMQraERS ! 



ARCOFLAME OIL BURNERS 

The Model “C” Arcoflame has a 
capacity of up to 3 gallons per hour. 
The Model “L” (not shown) from 
3 to 7 gallons per hour. Both 
embody unusual and highly effi- 
cient features. 


ARCO RADIATOR 

Slim, space-saving and 
highly efficient, the Arco 
Radiator comes in four 
narrow widths and in five 
heights. 




Arco Radiator 


Arco MuUifin 
Convector 


ARCO MULTIFIN CONVECTOR 

Non-ferrous. Highly efficient. For all 
systems except one-pipe steam. Available 
in five widths. 




Vento Cast Iron Blast 
Heater (for fan and 
blower work) 




Sunrad Radiator 

SUNRAD RADIATOR 
Streamlined and modern, the Sunrad is 
one integral unit and supplies both radiant 
and convected heat. 

ARCO 

CONVECTOR 
For convection 
heating at its 
best. Available 
in four widths 
and in virtually 
any desired 
length. 

tmmm 

Arco Convector 


CORTO RADIATOR 
The Corto is the original 
thin tube radiator. It is 
available in six heights 
and four widths. 


Corto Radiator 


I 



No. 861 Arco 
Detroit Huri- 
vent Valve 
(for main) 


No. 300 Arcch 
Detroit Multi- 
port Valve (for 
radiators) 


No. 999 Arco 
Packless Steam 
Radiator 
Valve 
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THE BABCOCK WILCOX COMPANY 


85 Liberty Street 

Manufacturers of 


New York, N. Y. 


Water-Tube Boilers 
Oil Burners 



Chain- Grate Stokers 
Seamless Steel Tubing and Pipe 


Branch Ofi&ces and Representatives in all Principal Cities 


Type H Stirling Boiler 

The Babcock & Wilcox Type H Stirling 
Boiler is a highly efficient unit built for 
moderate pressures at moderate prices. . . . 
and is designed to occupy minimum floor 
■space and head room for the heating sur- 
face required. 

This boiler is built in four classes and 36 
aizes ranging from 691 to 6225 sq ft of 
heating surface, and can be designed for 
operation with any fuel and every method 
of firing. 

The moderate price is due only to the 
simplicity of design, efficient production 
methods and superior shop equipment. 



Type H SHrltM Boiler with Babcock dt WBcox 
ChavnrQraU Stoker 


Advantages of the Babcock & Wilcox 
Type H Stirling Boiler: 

Unusual steaming capacity for the floor 
space and head-room required. 

The choice of three locations for gas exit 
reduces cost of flues and breeching. 

Distribution baffles make effective all of 
the heating surface. 

Tube renewal is facilitated by correct 
tube spacing, and a tube removal door. 

The boiler is supported by a structural- 
steel framework entirely independent of 
the brickwork. 

A complete table of sizes and dimensions 
will be sent upon request. Simply ask for 
Bulletin G-8-C. 



B&W Integral-Furnace Boiler, 
Type FF 

Many of the advantageous features in- 
corporated in large B&W central-station 
boilers are now available for the first time 
in the B&W Integral-Furnace Boiler, Type 
FF, which is offered in sizes ranging from 
1363 to 6506 sq ft heating surface. 

Distinguishing features include: 

A completely water-cooled furnace. The 
construction provides water cooling for 
front and rear (or bridge) walls, as well as 
side walls and roof. 

A furnace arrangement in which the 
primary combustion zone is followed by an 
open pass, thus making use of a principle 
of combustion that was first developed and 
used successfully in the B&W Open-Pass 
Boiler for central stations. This design 
insures mixing of the gases while at high 
temperatures, thereby aiding efficient and 
smokeless combustion. 

Cyclone Steam Separators, which pro- 
vide dry steam at high boiler-water con- 
centrations independently of normal varia- 
tions in water level, and increase circula- 
tion by eliminating steam from the water. 

These, with related features, result in a 
boiler that is outstanding for economy of 
fuel and maintenance and for ease of 
operation. Write for Bulletin G-34. 
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No. 1, 2, 3 and 36 in. 
Series — All Fuel. 230 
to 4920 sq ft steam and 
370 to 7880 for water. 


Cabinet Type Radi- 
ant Radiator — Two 
heights. 20 and 23 
inches. 


Burnham Slenderi- 
zed Radiator — Made 
in 3 to 7 tubes in 
heights of 14 to 32 
inches. 
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Crane Co. 

BOILERS, RADIATORS, VALVES, FITTINGS, PIPE, STEAM SPECIALTIES, 
PLUMBING AND HEATING MATERIALS 
General Offices: 836 South Michigan Avenue, Chicago, Illinois 
Nation-Wide Service Through Branches, Wholesalers, Plumbing and Heating Contractors 

A complete line of heating equipment — warm air systems. Full descriptions and 
boilers and furnaces for coal, coke, oil, or specifications are given in your Crane 
gas burning— for steam, hot water, or Catalog — or supplied on request. 

BOILERS FOR SMALL HOMES 



SERIES FOURTEEN 
Wet base; low return inlet. 
Patented controlled water 
travel. Large ceiling heat- 
ing surface. Internal heater 
and jacket optional. For 
steam or hot water. Capa- 
cities: manual firing, up to 
90,000 Btu., oil or stoker up 
to 119,000 Btu. (IBR). 



CONSERVOIL UNIT 
Low-priced boiler-burner 
unit in 4 sizes up to 131,000 
Btu. (IBR) Controlled 
water travel, large ceiling 
surface, and flue inserts as- 
sure fuel economy. Includes 
burner, draft regulator and 
3 controls. For steam or 
hot water. 



No. 2WG 

BASMOR GAS BOILER 
New hot water boiler^ for 
smallest homes. Sections 
are cast-iron with water- 
jacketed combustion cham- 
ber. Fully automatic. 
Shipped completely assem- 
bled; housing, controls in 
position. Up to 110,800 
Btu. net capacity. 


BOILERS FOR AVERAGE-SIZE HOMES 



No. 10 ALL-FUEL BOILER 
Can be installed for manual 
firing — easily converted for 
stoker, oil or gas firing. 
High base and removable 
grate lugs give ample space 
for stoker or oil burner. 
Provision for internal heat- 
er. For steam or hot water. 
Net capacity up to 207,000 
Btu. (IBR). 



No. 16 SUSTAINED HEAT 
BOILER-BURNER UNIT 

Application of Crane sus- 
tained heat principle ex- 
tracts more heat from fuel. 
Down-draft flue construc- 
tion prevents escape of com- 
bustion gases before heat 
has been absorbed. Net ca- 
pacity up to 216,000 Btu. 
(IBR). Steam or water. 



No. 25 BASMOR GAS BOILER 
Unusual efficiency obtained 
with staggered fin construc- 
tion and improved Bunsen- 
type burners. Safe, can’t 
back-fire. Simple controls. 
Many sizes; for manufac- 
tured and natural gas. Net 
capacity to 177,400 Btu. 
Steam or hot water. 


CRANE HEATING CALCULATOR FREE 



With this accurate calculator, employing the A.S.H.&V.E. 
method of determining heat losses, you can quickly select 
the right boiler and radiator requirements for any job. 
Easy to use — slide rule type. Free on request. Please 
write on your letterhead to address at top of this page. 
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Boilers, Radiators 
I Convectors, Specialties 
Oil Burners, Stokers 




BOILERS FOR LARGER BUILDINGS 

No. 4 SECTIONAL 
BOILER 

For manual, oil, and 
stoker firing. Up to 
1,756,800 Btu. net ca- 
pacity — steam or hot 
water. 


SERIES 60 BASMOR 
GAS BOILER 

Has built-in steam head- 
er with Hartford return 
loop. Up to 2,857,200 
Btu. net capacity — 
steam or hot water. 


AUTOMATIC HEAT-CONVERSION 
UNITS 

AUTOCOAL STOKER 

For even, controlled 
room temperature 
with minimum at- 
tention. Hopper 
models: 20 to 350 
lb. per hour ca- 
pacity. 35 and 50 
lb. bin-feed models. 


CONSERVOIL BURNER 

Will burn lower 
grades of fuel oil. 
Only one moving 
part. Quiet; can- 
not foul. Models 
up to 25 gal. per 
hour capacity. 



1 


Lew Voltage Re- 
lay-Transformer 



Draft 

Tender 


A full line of precision-built Crane controls 
including room thermostats, night set-back 
clocks, oil and stoker controls, limit 
switches for steam, hot water, and furnace 
systems. 

The Crane line includes valves, fit- 
tings, and pipe for all boiler and radi- 
ator systems; a selection of furnaces 
for coal, oil, and gas; also split-system 
equipment and well-water cooling for 
year ’round air conditioning. 


HEATING ELEMENTS— ALL TYPES 


COMPAC SLIM-TUBE 
RADIATORS 

Cast-iron; space- 
saving. Modern 
slender design. For 
free-standing or re- 
cessed installation — 
with or without at- 
tractive front panel. 
Maximum delivery of 
radiant, infra-red ray 
heat . F urt her space- 
saving with bottom 
connections. 





Bottom Connection 






CAST-IRON CONVECTORS 
Enclosures of heavy steel, smartly styled. 
Models for fully or partially recessed, free- 
standing, wall-hung, and plaster-front in- 
stallations. Convectors of sturdy cast-iron 
with large integral fins designed to stimu- 
late air now. For all systems. 

DUCTLESS 
WINTER 
AIR-CONDITION. 

ING UNIT 

Recessed in 
wall and floor; 
no sheet metal 
work. Provides 
heat, humidifi- 
cation, filter- 
ing and circu- 
lation. 

FOR LARGE SPACE HEATING 
REQUIREMENTS, SPECIFY 
CRANE SPEED HEATERS. 

Made in a Complete Line. 

HEATING SPECIALTIES 
Crane 
supplies a 
complete 
range of 
hot water 
specialties 
including 

Circulating Pump C i r C U 1 a - 

tors, now 

controls, monoflo fittings, pres- 
sure tank systems, indirect heat- 
ers. Also, air valves, traps, 
condensation and vacuum pumps, low- 
water cut-offs, and other steam specialties. 
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"Fitzgibbons Boiler Companti,Inc. 

Established 1886 

General Offices: Architects Bldg., 101 Park Avenue 
New York, N. Y. 

Works: OSWEGO, N.Y. 

Branches and Representatives in Principal Cities 


PRODUCTS— STEEL HEATING and POWER BOILERS for all fuels and all 
heating systems. Capacities to meet requirements of any building. Built 
and rated according to S. H. B. I. Code. — AIR CONDITIONERS for “Split- 
Systems” and for Direct-Fired installations in residences of all sizes. 



WARM AIR FURNACE 80 FWA 

For hand firing with coal. Automatically controlled 
blower provides forced circulation of warmed air. 
Designed in accordance with the specifications of 
Procurement Division of the U. S. Treasury Depart- 
ment and of FWA, USHA, PBA and FSA for 
Defense housing. Fitzgibbons “Weldseal” con- 
struction positively insures against leakage of flue 
gases. 

Bonnet capacity, 80,000 Btu based on Standard 
Code of National Warm and Air Conditioning Asso. 

DIRECT-FIRED AIR CONDITIONERS 


The DIRECTAIRE— The 
conditioner that has broken 
the shackles of traditional 
“hot air furnace” design, pro- 
viding far greater Efficiency, 
Ruggedness, Quietness, Fuel 
Economy, Cleanability. 
Streamlined jacket in two 
types. Nine sizes — 65,000 to 
600,000 Btu at the bonnet. 



FITZGIBBONS 400 SERIES STEEL BOILERS 


The choice of architects and builders wherever low cost 
heating in small homes is needed. Beautifully adapted to 
defense housing using radiator heat with oil, gas or stoker 
firing, or with coal hand firing. Built-in coil provides 
domestic hot water. All the advantages of Fitzgibbons steel 
boiler construction in an attractively jacketed unit, priced for 
the field it serves. Five sizes — 260 sq ft (steam or vapor, 
hand fired) to 1440 sq ft (Hot water system, mechanically 
fired.) 


FITZGIBBONS “EIGHTY” SERIES STEEL HEATING BOILERS 


The OIL-EIGHTY AUTOMATIC* — An outstanding residential steel boiler that teams 
up with any good rotary or gun type burner to form a highly efficient unit. Provides 
room for burner inside the jacket. Year-'round tankless domestic hot water optional. 
Ratings, Steam — 12 sizes — 425 to 2680 sq ft. 

The GAS-EIGHTY — For gas. Jacketed. Ratings, Steam — 12 sizes — 425 to 2680 sq ft. 
FITZGIBBONS R-Z-U- JUNIOR — For oil, stoker, coal hand firing. Auxiliary grate 
(optional) for refuse disposal and stand-by service. Tanksaver or Tankheater (optional) 
provides year-'round domestic hot water supply with or without storage tank. Ratings,. 
Steam, hand fired type, 900 to 3200 sq ft. Oil or stoker fired, 1100 to 3900 sq ft, 

*Reg. U. S. Pat, Office. 
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R-Z-U 


FITZGIBBONS R-Z-U 
Steel Firebox Boilers 

The R-Z-U arranged for rear smoke outlet. 

Built for 15 lb w.s.p. — A.S.M.E. Code. 

Up-Draft Type 1800 to 35,000 sq ft steam 

Oil, Gas, Stoker 2190 to 42,500 sq ft steam 

Smokeless Type 1800 to 35,000 sq ft steam 



SOO Series 


FITZGIBBONS 500 SERIES 

Portable Welded Firebox Boilers — 
Return Tubnlar 

Built for 15 lb s.s.p. — A.S.M.E. Code. 

Ratings, steam....3500 to 35,000 sq ft hand fired. 

4250 to 42,500 sq ft mech. fired. 
Oil, Gas, Stoker, and hand-fired types. 





700 and “P” Series 


FITZGIBBONS 700 AND “P” SERIES 
Portable Riveted Firebox Boilers 

700 Series for 15 lb w.s.p. — A.S.M.E, Code. 
Ratings, steam — 3500 to 35,000 sq ft hand fired. 

4250 to 42,500 sq ft mech. fired. 
‘*P” Series for 100 and 125 lb w.s.p. — A.S.M.E. 
Code. 

Ratings, horsepower — 25 to 250 hand fired. 

30 to 261 mech. fired. 
Oil, Gas, Stoker, and hand-fired types. 



600 and 800 Series 


FITZGIBBONS 600 AND 800 SERIES 

Smokeless Down-Draft Riveted 
Firebox Boilers 

600 Series for 15 lb w.s.p. — A.S.M.E. Code. 
Ratings, steam — 3500 to 35,000 sq ft hand fired. 

4250 to 42,500 sq ft mech. fired. 
800 Series for 100 and 125 lb w.s.p. — A.S.M.E. 
Code. 

Oil, Gas, Stoker and hand-fired types. 

Ratings, horsepower — 25 to 250 hand fired. 

30 to 261 mech. fired. 


When this catalog went to press^ all products and accessories described herein were available 
for sale. Government priorities or other circumstances beyond our control may now affect 
delivery. Consult the nearest Fitzgibbons Sales Engineer for up-to-date information. 
Descriptive Bulletins on any or all of above boilers will be mailed on request, 
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Farrar & Trefts 

Incorpora ted 


Buffalo, N. Y. 


Atlanta, Ga. 
AuBxniN, N. Y. 
Batavia, N. Y. 
Buenos Aires, S. A. 
Butte, Mont. 
Cambridge, Mass. 
Charlotte, N. C. 
Chattanooga, Tenn. 
Chicago, III. 


Cleveland, Ohio 
Columbus, Ohio 
Dallas, Texas 
Detroit, Mich. 

Grand Rapids, Mich. 
Hutchinson, Kan. 
Indianapolis, Ind. 
Jamestown, N. Y. 
Kingston, Pa, 


Los Angelas, Calif. 
Louisville, Ky. 
Merrick, L. L, N. Y. 
Minneapolis, Minn. 
Nashville, Tenn. 
New Haven, Conn. 
New York, N. Y. 
Nutley, N. J. 
Philadelphia, Pa. 


Pittsburgh, Pa. 
Richmond, Va. 
Rochester, N. Y. 

St. Louis, Mo. 

San Antonio, Texas 
San Francisco, Calif. 
Seattle, Wash. 
Toledo, Ohio 
Washington. D. C. 


The F&T Bison Compact Welded Heating Boiler is more 
than just another boiler. It has been designed carefully so as to 
have a large furnace volume, the proper volume of water, just 
the right amount of steam liberating surface, the correct volume 
for steam storage and a balanced circulation. The result is a 
remarkably steady water line — A Balanced Boiler. 

This boiler requires a minimum amount of floor space and is 
easy and inexpensive to install. It is reasonable as to first cost 
and economical in operation. Construction is in accordance 
with the A.S.M.E. Code for 15 lb working pressure and boilers 
are designed for hand firing with anthracite or bituminous coal 
or for m^hanical firing with oil, gas or stoker. There are 
various sizes available from 1800 to 35,000 sq ft of steam 
radiation, all ratings as required by the Steel Heating Boiler Institute, 



The Bison Compact 


The Bisonette Compact Boiler has the same characteristics as the larger Bison 
Compact Boiler. It has been designed for installation in large residences and small 
business establishments where the advantages inherent in a Steel boiler are desired. 


Firebox Return Tubular Heating Boilers are 
Quality Boilers. They are constructed to measure up 
to the high standards set by Heating Engineers and will 
give unmiling service under all conditions. Being 
economical to install and operate, they are highly 
favored by Architects and Engineers for heating 
Schools, Hospitals, etc. 

There are two types of Firebox Boilers, the Up-Draft 
Type and the Down-Draft Type. Both types are made 
of welded or riveted construction for heating purposes 
at 15 lb working pressure and riveted, or. Class 1 fusion 
welded x-rayed and stress-relieved for power purposes 
at 100, 125 and 150 lb working pressure in accordance 
with the Code, Sizes from 1800 to 35,000 sq ft of steam radiation, as rated by 

the Steel Heating Boiler Institute, are designed for hand firing with coal or for mechanical 
firing with oil, gas or stoker. 

The Bison Low Pressure Scotch Wet- Back Top 
Boilers are carefully proportioned and balanced. They 
are designed for hand, oil, gas or stoker firing, for 
ratings from 15 to 250 hp. These boilers operate 
efficiently and carry sustained overloads. The Front 
Smokebox Door Open Sideways giving easy access to the 
tubes. 

The Wet-Back Top increases the heating surface and 
steam disengaging area, thus adding to the capacity of 
these boilers. F&T boilers are designed so that the 
round furnace is always longer than the tube length 
. . , which increases the furnace volume. This gives a large 

:ombustion volume in proportion to horsepower rating which makes the boilers very 
economical to operate and exceedingly '"Quick Steamers'' 




Firebox Return Tubular Boiler 
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The International Boiler Works Company 

East Stroudsburg, Pa. 

“Fuel Saver” Water Tube Steel Heating Boilers 

SALES OFFICES 


Alaska 
Albany, N. Y. 
Albuquerque, N. M. 
Boston, Mass. 
Buffalo, N. Y. 
Cincinnati, O. 
Detroit, Mich. 

E. Stroudsburg, Pa. 
Harrisburg, Pa. 


Jackson, Miss. 
Lexington, Ky. 

Los Angeles, Calif. 
Louisville, Ky. 
Missoula, Mont. 
Newark, N. J. 

New Haven, Conn. 
New York City, N Y. 
North Olmsted, O. 


Philadelphia, Pa. 
Pittsburgh, Pa. 
Pittsfield, Mass. 
Poughkeepsie, N. Y. 
Providence, R.. I. 
Rochester, N. Y. 

St. Paul, Minn. 

Salt Lake City, Utah 


Scranton. Pa. 
Springfield, Mass. 
Syracuse, N. Y. 

Tampa, Fla. 

Toronto, Ont., Canada 
Utica, N. Y. 
Washington, D. C. 
White Plains, N. Y. 
Wilmington, Del 


International “FUEL SAVER” Water Tube Steel Heating Boilers offer the same 
quick steaming and economy that have long been accepted as most efficient in marine 
and industrial service. “FUEL SAVER” Water Tube Boilers are available for large 
and small heating requirements in a wide range of types and capacities. 

^ TYPE C “FUEL-SAVER” 

WATER TUBE STEEL HEATING BOILERS 

For Office and Apartment Buildings, Schools, Hotels, Theaters, 
Institutions and Industrial Plants 

^ Built in a complete range of standardized sizes and provide 
highly efficient performance for heating large buildings. 

Up-to-date water tube design permits absorbing the intense 
heat released by modern methods of firing and they will 
operate efficiently under loads considerably in excess of ratings. 

ifl f from 2680 to 42,500 sq ft mechanically fired rating 
IS sizes ^ 2200 to 35,000 sq ft hand fired rating. 

TYPE KD “FUEL-SAVER” WATER TUBE STEEL HEATING BOILERS 

For Replacement Installations in Large Buildings Eliminates 
Costly Cutting and Patching 

Especially designed for renovation and replacement 
work. Shipped knocked down in standardized parts 
that can be taken through existing doors or openings 
to basement and boiler room. 

International erects or assumes full responsibility 
for erection work of knocked down boilers. 




1 n J 5850 to 56,470 sq ft mechanically fired rating. 

10 sizes -j 46,510 sq R hand fired rating. 


TYPE DD “FUEL-SAVER” WATER TUBE STEEL HEATING BOILERS 

For Residences, Small Apartments and Other Buildings 
Highly economical. Superior performance of water tube 
design usually found only in larger commercial and indus- 
trial installations. Fully utilize intense heat generated by 
modern automatic firing devices. Stoker-fired coal and oil 
most commonly used, with savings often exceeding 20 per 
cent over previous installations. Stoker-fired boiler tested 
and approved by Anthracite Industries Laboratory. 

A copper coil submerged above the crown furnishes ample 
hot water for domestic needs. Insulated steel jackets in 
two tones of gray enamel are included. 

in f 510 2550 sq ft net steam rating. 

x\j sizes g]^g ^QgQ water rating 

TYPE GR “FUEL-SAVER” 

WATER TUBE STEEL POWER BOILERS 

For High Pressure Steam Service 
Designed for pressure of 100, 125 and 150 lbs, 
the Type CR is especially suitable for hospitals, 
hotels, laundries, dairies, institutions and manu- 
facturing plants requiring process steam. 

Sizes range from 5 to 300 hp. 

Data and catalogs on “Fuel- Saver” Boilers 
will be furnished on request. 
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Keioame Boiler Corp 
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Kewanee Type “R*’ Boilers are especially designed and con- commercial gas can be used with high efficiency, 

structed to meet all heating and hot water requirements for homes Standard snug fitting jackets, or Regal style for completely 

and small buildings. Ever^’^ kind of solid fuel, coke, all grades of enclosing burners are available for 83R. 

hard or soft coals and their briquette or treated forms are burned Hot Water Copper Coil. Capacities up to 720 may be ordered 

with excellent results. Also, any liquid fuel, oil, and natural or for Square and 83R Boilers. 


Kewanee Boiler Corp. 


Heating Systems • soners, steei 



1) >1 Q, 

0.3 

Pk 

^ O 0) 

- 

rS%; 

o § h rt 3’-^ 
CO 4^ Kw « o o 
1C/3E PQx!^ 


® a w 

w M a (u 
w N 



1053 


♦Boiler Series 1742-1748 for Oil, Gas or Stoker; 2742-2748 for Anthracite. Kewanee Indirect Hot Tabasco Water Heater, 

Water Heating Coils for Type C and Square “R" Boilers; 55 sizes, 90 to 1520 Gal Magazine Feed 
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spencer Heater Division 

The Aviation Corporation 

Williamsport, Pa. 

Sales Representatives in Principal Cities 


Spencer Automatic Magazine Feed Heaters are furnished in cast iron sectional types 
— and steel tubular types for larger buildings — for steam, vapor and hot water heating. 
There is a size and capacity for every type of building, to provide economical and con- 
venient heat — safe, dependable, sure. 

COMFORTABLE HEAT AT LOW COST 



Spencer Jacketed Heater Lrl Series 


Why Spencer Heaters perform so satis- 
factorily can best be explained by an 
inspection of their design and construction. 
The Spencer principle, illustrated in the 
cross-sectional view, is simple: 

Once a day fuel (No. 1 Buckwheat 
^thracite or small size by-product coke) 
is put into the magazine. It fills the sloping 
grate to the level of the magazine mouth. 
The fire bed always stays at the proper 
level, for as fast as fuel burns to ash, it 
shrinks and settles on the sloping grate; 
and more fuel rolls down automatically 
over the top of the fire bed . F uel feed is by 
gravity alone, in just the right amount to 
keep the fire always burning at its most 
efficient combustion point. 

This explains why a Spencer Automatic 
Magazine Feed Heater always gives the 
same uniform, satisfying heat, and burns 
less fuel. These exclusive Spencer ad- 
vantages are available in all types of the 
magazine feed heaters and boilers. 


Coal — Coke — Gas — Oil — Spencer 
J and L series heaters and M series boilers 
are primarily designed to burn low cost 
No. 1 Buckwheat Anthracite or small size 
coke. 

If at any time a property owner desires 
to burn more expensive fuels — oil or gas — 
his Spencer Heater can be readily con- 
verted and will show a high efficiency. 

Thermostats — Thermostats and 
electric damper motors are furnished as 
optional equipment. 

Jacketed Covering — Attractive metal- 
lic jackets of the deluxe enclosing type, as 
illustrated, are available for Spencer Cast 
Iron Heaters, either with or without the 
enclosing jacket doors. 

Spencer Heavy Duty Tank Heaters — 
With the automatic magazine feed con- 
struction, they provide ample domestic 
hot water at lowest cost, and with a 
minimum of tank heater attention. 



Cutaway sectional view Spencer Cast Iron Heater 


1054 



spencer Heater Division 


Heating Systems • soijers, steer 


SPENCER ALL YEAR SYSTEM 


In addition to the excellent heating assures at all times an ample supply of 
facilities afforded by Spencer Magazine domestic hot water at lowest cost. Corn- 
Feed Heaters, Year Round Domestic Hot plete data for installation and operation 
Water Service can also be provided and upon request. 


SPENCER STEEL TUBULAR 
MAGAZINE FEED BOILERS 

For large buildings we recommend Spencer 
Steel Tubular Magazine Feed Boilers, burning 
low cost No. 1 Buckwheat Anthracite or coke. 

In the cross-section diagram, part of the fire 
bed is cut away to show the sloping grates and the 
two magazines filled with fresh coal, ready to 
feed down automatically by gravity to the fire. 
These boilers are built in two vertical sections for 
ease in handling and installation — a. great ad- 
vantage on replacement jobs, eliminating the 
necessity of costly tearing out of walls or parti- 
tions. ^ Combination water and fire tube con- 
struction; built to A.S.M.E. standards. 



Steel Tvbular Magazine Feed Boiler 


SPENCER STEEL TUBULAR BOILERS 
For Oil, Stoker, Gas or Hand-Firing 


For more than 50 years, Spencer has 
been building, in the opinion of experts, 
one of the most efficient, economical and 
dependable automatic coal burning boilers 
on the market. With this background of 
experience, Spencer Engineers developed 
the Spencer Steel Tubular Boiler for oil, 
gas, stoker and hand-firing — the “K” and 



“C” series for residential use, and the 
Type for larger buildings. They are 
better boilers both for the property owner 
and for the architect or engineer who 
specifies them. 

The high sustained efficiency of these 
boilers means adequate heat for a lower 
fuel cost. Design is of the three pass type. 
Combustion chamber is amply large. Built 
of best quality open hearth steel boiler 
plate, and steel tubes. Can be fur- 
nished with domestic hot water heating 
coils, storage tank or instantaneous type. 

A complete range of sizes from 400 sq ft 
SHBI net steam 
rating up. They 
meet or exceed in 
every particular 
the requirements 
of the A.S.M.E. 
and S.H. B. I. 
Codes. 




Type "A'* Steel Boiler 


"C” Series Steel Boiler 


"K" Series 


Every Spencer Boiler is guaranteed to These boilers have all the advantages of 
carry more than its full rated load giving the Spencer exclusive design. High sus- 
the installer a definite factor of safety, tained efficiency — low fuel cost. 


1065 



Heating Systems • BoHers, cast-iron 


United States Radiator ^rporation 

Generctl Offices: Detroit, Michigan • Branches and Sales Offices in Principal Cities 

Detroit, Michigan 



CAPITOL RED TOP BOILERS 
FOR ALL FUELS 


Capacity in Sq Ft 

1 

Direct Cast Iron 
Radiator Loads — 
SqFt 

•‘A'* 

Steam — 575-1450 

240- 740 

Series 

Water- 975-2475 

385-1185 


Steam-1 800-3600 

550-1800 

Senes 

Water-2970-5940 

880-3000 

“C" 

Steam-4700-10,500 

2250-5800 


Water-7760-17.325 

3600-9280 


U. S. SUNRAY— ^ 
NO. 3 SERIES ' 

Trade Mark 
U. S. Reg. i h 
Pat. Off. 

The No. 3 Series 
Sunray Boiler is 
furnished in coal- 
burning and oil- 
burning types, 
with a standard 
jacket, or a special 
front extended 
jacket for the oil- 
burning type. 

Cutaway of Sunray 
No. S Series Steam Oil 
Burning Boiler show- 
tng Biltin Taco Heater 



Direct Cast Iron Radiator Load — Sq Ft 


Boiler 

Hand 

Fired 

1 Stoker Fired 

Oil Fired 

Number 

Steam 

Water 

Steam 

Wate’ 

Steam 

Water 

23SorW 

33 S or W 

43 S or W 

53 S or W 
63SorW 

See 

Note 

300 

450 

600 

See 

Note 

'480 

720 

960 

400 

550 

700 

640 

880 

1120 

260 
310 1 
400 
550 
700 1 

415 

500 

640 

880 

1120 


Illustrated above is a Capitol Red Top 
Series “C” Boiler. Capitol Red Top 
Boilers can be furnished with extra high 
steel bases to provide extra setting height 
or desired additional furnace volume for 
stoker firing. 



U. S. SUNRAY RADIATOR 

Space Saving — Can be fully or partially 
recessed — Also well adapted for free stand- 
ing installation. 

^ Self-contained Cabinet Radiator — de- 
signed to form its own enclosure. 


Note: Rating — 150 sq ft Steam and 240 sq ft 
Water Direct Cast Iron Radiator Load for Anthra- 
cite Fuel only. 

Biltin or external Taco Heaters for summer- 
winter domestic hot water hook-up available on 
these boilers. 

U. S. SUNRAY NO. 2 SERIES 



Direct C. I. Radiator 
Load — Sq Ft 
Oil Fired Only 


Blr. No. 

Steam 

Water 

2-03 

350 

560 

2-04 

500 

800 

2-05 

650 

1040 

2-06 

800 

1280 



The No. 2 Series 
Sunray Boiler is 
designed to pro- 
vide a highly 

efficient, yet 

moderately priced boiler for modern, auto- 
matic heating. The two-tone green jacket 
completely encloses the burner, controls 
and accessories, which are readily acces- 
sible for installation or servicing. 
Literature Upon Request 
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United States /Radiator ^rporation 

General Offices: Detroit. Michigan • Branches and Sales Offices in Principal Cities 

Detroit, Michigan 



u. S.-25 
OIL BURNING 
BOILER 

Front Extended Jacket 

Performance Curve 
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Output— % of Direct Standing Radiator Load Flue 
Gas An;ilvsis 002-12.5%; 02—4.1%; CO-0.0%. 

♦CAPITOL THINTUBE RADIATORS 

3-Tube 



Height® 


Per Section 
Heating Surface 


25" 

1 .6 Sq Ft 

4-Tube 

19" 

l,6SqFt 

22" 

l.SSqFt 

25" 

2.0SqFt 

5-Tube 

22" 

2.1 Sq Ft 

25" 

2.4 Sq Ft 


6-Tube 


19" 

2.3 Sq Ft 

25" 

3.0 Sq Ft 

32" 

3.7 Sq Ft 


*1 *4 in. Centers. 

40 per cent less space needed for 
these graceful, efficient Capitol ThinTube 
Radiators. 

Literature Upon Request 
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CAPITOL CAST IRON CONVECTOR 
WITH ENCLOSURE 

Capitol Cast Iron Convectors are made 
entirely of cast iron, without joints, and 
cast in one piece. A large variety of 
lengths and widths insures exact size to 
meet each need. These radiators are 
tapped top, bottom and ends. 

A complete choice of enclosures. These 
units can be completely or partially re- 
cessed,^ or free-standing, adding to the 
attractiveness of any room when finished 
to harmonize with modern- interiors. 



THRIFT SERIES CAPITOLAIRE 
CONDITIONING UNIT 

An air conditioning ^ unit especially 
designed for all-fuel firing. Streamline 
flue construction in preheating and prime- 
heating sections insures high efficiencies. 
The handsome enamelled casing houses 
the heating element, blower and filter. 

The blower and filter compartment may 
be placed at either side of the heating 
element. The “Luxury” series units have 
blower section at rear only. 

Other gravity and forced air furnaces 
available for gas, oil, stoker or hand coal 
firing. 
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Pacific Steel Boiler Division 

United States Radiator Corporation 

General Offices: Detroit, Michigan 

Sales Offices in Principal Cities 

A Complete Line of Low Pressure Steel Heating Boilers 



All Pacific Boilers are built using the 
A.S.M.E. Boiler Code Standards as mini- 
mums. 

LOW WATER LINE SERIES 

Built in the following capacities for steam: 
Coal Burning Sizes — 1800 to 35,000 sq ft. 
Mechanically Fired Sizes — 2680 to 42,500 
sq ft. 

High Fire Box for Stoker Firing — Sizes — 
2680 to 42,500 sq ft. 


All Pacific Boilers are built, inspected, and 
tested under the supervision of the Hartford 
Steam Boiler Inspection and Insurance 
Company. 

TWO-PASS FRONT SMOKE OUTLET 

Built in the following capacities for steam: 
Coal Burning Sizes — 4000 to 30,000 sq ft. 
Mechanically Fired Sizes — 4860 to 42,500 
sq ft. 


All Pacific Boilers are made of steel with 
each joint and seam electrically arc-welded 
— built to last a life-time. 

SINGLE-PASS REAR SMOKE OUTLET 
Built in the following capacities for steam: 
Coal Burning Sizes — 1800 to 6000 sq ft. 
Mechanically Fired Sizes — 2190 to 7290 
sq ft. 

PACIFIC THREE-PIECE CONSTRUCTION 
Made up of three parts, shell, firebox and 
base. Pacific Boilers are particularly adapt- 
able to replacement work. Where necessary 
Pacific fireboxes can be split (as illustrated) 
allowing the boiler to be taken into the 
building in four pieces and erected without 
welding on the job. 

Descriptive Bulletins on Pacific Steel Boilers will 
he mailed on request. 
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Weil-McLain Company 

Manufacturing Division: Michigan City, Ind. and Erie, Pa. 

General Offices: 641 W. Lake Street, Chicago 
NEW YORK OFFICES: 501 Fifth Avenue 

Prompt Weil-McLain Boiler and Radiator service is made conveniently available through local stocks 
earned by Weil-McLain Distributors in most of the important distributing centers. 
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No. 68 Boiler 
for Automatic Firing 
Boiler is completely 
jacketed and insulated. 
Has an integral front 
burner extension. Net 
I-B-R Ratings: Steam 
390 to 690 sq ft, Water 
625 to 1,100 sq ft. 


No. 78 Boiler 
for Automatic Firing 
Boiler has insulated en- 
ameled de luxe jacket. 
Front or rear jacket ex- 
tension available. Net 
I-B-R Ratings: Steam 
530 to 1,130 sq ft. Water 
850 to 1,810 sq ft. 


New No. 57 
All-Fuel Boiler 

Jacketed and insulated 
square boiler for small 
homes. Net I-B-R Rat- 
ings: Steam 210 to 640 
sq ft, Water 340 to 1,030 
sq ft. 



No. 67— No. 77 
All-Fuel Boilers 
Conversion type boilers 
with insulated enameled 
jacket. For hand or auto- 
matic firing. Net I-B-R 
Ratings: Steam 290 to 
620 sq ft. Water 465 to 
990 sq ft. 


Raydiant “Concealed” 
A Raydiant convector 
type all cast-iron Radi- 
ator. Made in “Con- 
cealed,” also Partially Re- 
cessed, Cabinet and Hu- 
midifying types. 


Round-Type Boiler 
Unjacketed Round 
Boiler with corrugated 
heating surfaces for eco- 
nomical home heating. 
Connected Load Ratings: 
Steam 210 to 1,000 sq ft, 
Water 335 to 1,600 sq ft. 

i - 



Solray Radiator 
Free standing Cabinet 
type Radiator in a lower 
price range than Raydiant 
Cabinet Radiators. Avail- 
able in three depths in 21, 
24 and 27 in. heights. 
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Square-Type Boilers 
Sectional boilers for 
larger installations. Com- 
plete range of sizes. Con- 
nected Load Ratings: 
Steam 925 to 11,300 sq 
ft, Water 1,470 to 17,900 
sq ft. 



Junior Radiator 
Smaller Tubular type 
Radiation which conserves 
space. Available in 1 % in. 
centers in 3, 4, 5 and 6 
tube widths and 14 to 33 
in. heights. 
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The Barber Gas Burner Company 

3704 Superior Ave., Cleveland, Ohio 

Address Michigan Inquiries to The Barber Gas Burner Co., of Mich., 4475 Cass Ave , Detroit, Mich. 


Barber Automatic Jet Gas Conversion Burners, for heating and air conditioning 
equipment, have a record of high efficiency, for a period of over 20 years giving con- 
tinuous satisfaction in many thousands of homes and other buildings. The exclusive 
Barber Jet principle of combustion, attaining 1900 deg flame temperature on atmospheric 
pressure, and other basic advantages of design, have given Barber a permanent place in 
modern heating and air conditioning practice. Barber Burners for gas burning appliances 
have been adopted as standards by many appliance manufacturers, for Natural, Butane- 
Propane, or Bottled Gas. Shown here are only a few items from Barber’s complete line. 
Illustrated No. 42 Catalog and Price List furnished on request. 

5^4- -i r — >0” r ^ 
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No. C. L~&0 Burner Unit 

^3 Conversion Burners 

xHiJhJL&S Furnaces or Boilers 

Burners are adjustable as to diame- 
ter, on the job, to fit practically all 
round grate sizes. Also to fit grates of 
oblong furnaces and boilers. Listed in 
the A .G.A . Directory of Approved Ap- 
~ i pliances. Equipped with automatic 
controls with motor gas valve, with 
magnetic gas valve control, with quick , 
acting gas valve control (for buildings 
equipped with automatic heat control), 
or in ''M” series with manual control. 

Barber Burners and Regulators 
are Adaptable to; Air Conditioning 
Equipment, High Pressure Boilers (Tubular and Tubeless), Bakery Ovens, Garage 
Heaters, Coffee Urns, Hair Dryers, Space Heaters, Floor Furnaces, Clothes Dryers, 
Water Heaters, Confectioners’ Stoves, Vulcanizing Machines, Pressing Machine Boilers, 
Japanning Ovens, Core Ovens, Banana Room Heaters, Other Appliances. 

Gas Burner Specialists offering Engineering Department and Laboratory 
facilities for Gas Burner problems. Consultation invited. 




Heating Systems • Burners, Gas 


The Webster Engineering Go. 

419 West 2nd St., Tulsa, Oklahoma 

Division of 

SURFACE COMBUSTION CORP., TOLEDO, OHIO 

WECO-N.G.E. SERIES F600 GAS BURNERS 



50,000 to 10,000,000 
Btu Output 


For Use in Any Steel 
Firebox or Sectional 


Boiler 


I 


SIZE 

The Series F600 venturi tube is 
6^" wide, 10 Ji'' long, as shown 
(at right) and the complete 
assembly is only IS'' high. An 
infinite number of assemblies 
are possible by proper arrange- 
ment of the individual tubes 
For complete sizing information 
see Bulletin F600H. 


Improved venturi and greater port area 
insure much higher capacities at lower 
pressures. 

Unique baffles at the outlet of the mixing 
tube make possible perfectly even distri- 
bution of flame completely around the 
baffle brick. As a result the maximum 
flame length is greatly reduced. 

Interchangeable grills with multiple ports 
can be varied to suit the combustion char- 
acteristics of various gases. The proper 
sizing of these grills prevents any possi- 
bility of flash back. 

In addition to the above major improve- 
ments the F600 possesses the same desir- 
able features that made the GOO so popular. 

1. Simple installation requiring no ex- 
pensive insulated combustion chamber and 
having no furnace radiation loss. 

2. Extreme quietness due to low rate of 


combustion over a large area. 

3. Flexibility from infinite number of 
possible combinations varying both size 
and shape to meet load and firebox con- 
ditions at various gas pressures. 

4. High radiant transmission rate due to 
radiant temperature of the standard fire- 
brick baffles on the top of the burner tubes. 

5. Low draft loss because of ample 
secondary air openings. 

6. Plain gas pilots of heat resistant 
material and of a design that will not allow 
flame to pull off. 

7. Safety pilot applied in a cool zone 
in a manner that insures perfect direct 
ignition of the burner yet allowing the 
the thermal element to cool quickly upon 
flame failure. 

8. Guaranteed vibrationless under all 
conditions. 


CAPACITY OF SINGLE F600 VENTURI TUBE— No. 17 MTD ORIFICE 


Manifold Gas Pressure 

0.5" 

W.C. 

1.0" 

W.C. 

2 0" 
W.C. 

3 0" 
W.C. 

4 0" 
W.C. 

5.0" 

W.C. 

6.0" 
W.C 1 

4 cz. 
W.C. 

6 oz. 
W.C. 

8 oz. 
W.C. 

Input — CuFt, 1 hr 

24.5 

38.5 

58.0 

72.0 

84.0 

94.5 

104.0 

112.0 

138.0 

159.5 

Output — Sq Ft, St. Rad. 

75 

117 

178 

222 

258 

2-9 

318 

343 

423 

488 

Output — ^Boiler H.P. 

.54 

.84 

1.23 

1.^ 

1.85 

2.07 

2.28 

2.46 

3.04 

3.4 
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TODD COMBUSTION EQUIPMENT, me. 

(Division of Todd Shipyards Corporation) 

601 West 26th Street, New York City 

New York Mobile New Orleans Galveston Seattle Buenos Aires London 



THE TODD HEX-PRESS REGISTER in 
combination with the TODD “VEE-GEE” 
VARIABLE CAPACITY BURNER . . . 
makes possible increased combustion effici- 
ency under almost any type of boiler of 
100 H.P. capacity or larger, operating 
at 50 pounds steam pressure or higher. 

It provides equal efficiency under either 
forced or natural draft conditions. The 
Hex-Press Register assures the most inti- 
mate mixture of oil and air as ^ well as 
quicker, more complete combustion . . . 
wdth minimum draft loss at high capacity 
. . . effecting great economy in mainte- 


nance and materially reducing fuel costs. 

Through the exclusive “variable range” 
feature of the “Vee-Cee” Burner, practi- 
cally unlimited firing range is assured . . . 
without change of burner tips, oil delivery 
pressure or angle of spray. 

Constant steam pressure can be main- 
tained regardless of demand . . . changing 
load requirements are met instantly under 
manual or fully automatic control. 

All installations of Todd Equipment are 
always individually engineered to fulfill 
specific requirements. Send for descriptive 
literature. 


RECENT INSTALLATIONS OF TODD BURNERS: 


Apartment House, 

240 Central Park South, New York, N. Y. 

Hunter College New York, N. Y. 

New York Life Insurance Co. Bldg., 

New York, N. Y. 
Prudential Insurance Co. Bldg., 

New York, N. Y. 

American Can Co Portland, Maine 

Bell Telephone Laboratories, 

Murray Hill, N. J. 
Consolidated Edison Co. of New York, 

Sherman Creek Plant New York, N. Y. 

Grumman Aircraft Eng. Corp., 

Beth Page, Long Island, N, Y. 
Holyoke Gas & Electric Co., 

Holyoke, Mass. 
Celulosa Argentina, Rosario, 

(Santa Fe) Argentina, S. A. 
Queensbridge Housing Project, 

Long Island City, N. Y. 
New York Municipal Airport, 

(La Guardia Field) Jackson Heights, N. Y. 
Washington Municipal Airport, 

Gravelly Point, Va. 
The Glenn L. Martin Co., 

Middle River, Baltimore Co., Md. 


National Gypsum Co., 

Port Wentworth, Ga. 

Brooklyn College Brooklyn, N. V. 

Sears Roebuck & Co Chicago, III. 

Allison Engineering Plant, 

Indianapolis, hid. 

Bethlehem Steel Co Lackawanna, N. Y. 

Allis Chalmers Mfg. Co La Crosse, Wis. 

Hudson Naval Gun Plant Detroit, Mich. 

Pratt-Whitney Div. of United Aircraft 

Corp East Hartford, Conn. 

Peoples Gas Light & Coke Co..Chicago, 111. 
Wright Aeronautical Corp. .Paterson, N. J. 

Edgewood Arsenal Edgewood, Md. 

International Silver Co Meriden, Conn. 

Camp Blanding Starke, Fla. 

Canadian Car & Munitions, Ltd., 

Quebec, Canada 

Grayslake Gelatin Corp Grayslake, III. 

Elwood Ordnance P\eLnt...Wilmington, III. 
Woodward & Lothrop Department Store, 
Washington, D. C. 
Puget Sound Navy Yard, 

Bremerton, Wash. 
Stone & Webster Office Bldg., 

Boston, Mass. 


TODD MANUFACTURES; Mechanical Pressure Atomizing Oil Burners — VEE- 
CEE Variable Capacity Burners — Horizontal Rotary Oil Burners — Oil Burning Air 
Registers for Natural, Assisted, Induced or Forced Draft — Inside Mixing Steam Atomiz- 
ing Oil Burners — Combination Gas and Oil Burners — Furnace Doors and Interior 
Castings for Converting Howden Type Furnace Fronts to oil firing — Oil Burning Galley 
Ranges — Oil Heating, Pumping and Straining Equipment. 


Todd engineers are always available for consultation and 
analysis of combustion problems — without obligation. 
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The Brownell Company 

Established 1855 

Dayton, Ohio 

Manufacturers of 


BROWNELL BOILERS AND STOKERS 

Representatives in All Principal Cities 


FIRE TUBE BOILERS of various types. HEATING BOILERS riveted and 
welded. UNDERFEED STOKERS from 5 Horse Power upwards STEEL STACKS, 
TANKS AND SPECIAL PLATE WORK. 

Welded Triple Pass Heating Boilers built in 
either high leg or low water line types. Hand 
fired ratings 500 to 35,500 sq. ft. steam, 800 to 
56,800 sq. ft. water radiation. Stoker, Oil or 
Gas fired up to 43,100 sq. ft. steam or 69,000 
sq. ft. water radiation. A.S.M.E. Code con- 
struction. 



Type L R (Low Set) Underfeed Ram 
Type Stoker with automatic air volume 
control. Can be furnished with Brownell 
exclusive, fully automatic coal feed con- 
trol. Sizes up to 300 horse power. An ideal 
stoker for firebox boiler or other installa- 
tions where height of setting is limited. 



Type C Screw Feed Stoker, proved by 
years of service to be sturdy, reliable and 
efficient. Illustration shows dead plates 
can also be furnished with dump plates in 
the larger sizes. 30-300 HP. 



High or Low Pressure Double Pass 
Boiler with Type L R Stoker. De- 
signed and manufactured as a matched 
unit steam generating plant. Furnished 
in working pressures from 15 to 150 pounds 
and sizes up to 300 horse power. For 
power, heating and process steam. Steam 
ratings 3,600 to 42,500 sq. ft. Water 
rating 5,800 to 68,000 sq. ft. when used 
with stoker, oil or gas. A.S.M.E. Code 
construction. 



The illustrations above show only a part of the complete Brownell line. We 
shall gladly send literature describing BROWNELL BOILERS and STOKERS. 
Our nation wide field organization is ready to assist in problems of steam 
generation. 
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Combustion Engineering Company, Inc. 


All Types of Fire Tube and 
Water Tube Boilers 
Mechanical Stokers 



Complete Steam Generating Units 
Pulverized Fuel Systems 


200 Madison Avenue, New York, N. Y. 

Offices in all principal cities of the United States and Canada 


More than 16,000 C-E Stokers installed to date 



C-E Skelly Stoker Unit 



C~E Low Ram Stoker 



C-E Spreader Stoker 


C-E Skelly Stoker Unit — A compact, 
self-contained unit with integral forced- 
draft fan, adapted to burn either anthra- 
cite or bituminous coal. Alternate fixed 
and moving grate bars assure lateral distri- 
bution of fuel. Automatic control is stand- 
ard equipment. Approximate application 
range — 20 to 200 rated boiler hp. 

Type E Stoker — A single-retort, under- 
feed stoker with an established reputation 
of many years’ standing for dependable 
service. Designed to burn a variety of 
bituminous coals under boilers up to about 
600 rated hp. Available with steam, 
electric or hydraulic drive. 

C-E Low Ram Stoker — A single-retort, 
stationary-grate underfeed stoker for burn- 
ing bituminous coals under boilers in the 
upper size range of the C-E Skelly Stoker. 

C-E Spreader Stoker — A simple, 
rugged overfeed stoker designed to burn a 
wide variety of coals. Fines are burned in 
suspension and the coarser coal on a grate 
which may be of either stationary or 
dumping type. Rate of coal feed and air 
supply may be regulated over a wide 
range and are readily adaptable to auto- 
matic control. Applicable to boilers from 
about 100 boiler hp up. 

C-E Multiple Retort Stoker — For 
burning bituminous and semi-bituminous 
coals under boilers up to the largest sizes. 

C-E Traveling Grate and Chain 
Grate Stokers — Including both Coxeand 
Green types. Available with grate surfaces 
suitable for anthracite, coke breeze, lignite 
or bituminous coal, as required. Traveling 
grates are all forced-draft types; chain 
grates are either forced or natural clraft 
types. 

C-E Boilers— All fire tube and water 
tube types in sizes ranging from 25 hp up 
to the largest. Standard and special de- 
signs to suit all conditions of fuel, load 
and space. Included are all types formerly 
known by the trade names “Heine,” 
“Walsh & Weidner,” “Casey-Hedges,” 
“Ladd” and “Nuway”. 

Separate Catalogs describing each 
of these stokers are available, a-ssi-a 
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Hershey Machine & Foundry Co. 


Factory and Home 
Office 

Manheim, Pa. 


MOTOR 

STOKOR 


Installation and Service 
by factory- trained dealers 
in all anthracite burning 
areas. 


DEFINITION 

A complete stoker for automatic com- 
bustion of buckwheat or rice anthracite. 
Applicable to coal, gas or oil furnaces or 
boilers, in anthracite burning areas. Espe- 
cially designed for automatically heating 
buildings and providing year-round hot 
water. 


RANGE OF TYPES 

Ten ^ different models include direct- 
from-bin feed with ash removal, direct- 
from-bin feed with pit collection, hopper 
feed with ash removal, and hopper feed 
with pit collection of ashes. 

RANGE OF SIZES 
Domestic models available in sizes from 
12 lb coal per hour to 65 lb coal per 
hour. See illustrations of models 
5AF and lOAF. Commercial 
models available up to 100 lb coal 
per hour. See illustration of 2AF. 



Model 10 AF Motorsloker for the'average home. Feeds 
coal from bin and deposits ashes in sealed containers. 
Available also for pit storage of ashes (IJAF). 



Model f5AF Motorstoker bin feed type 
with gravity ash removal into can under 
floor or pit of desired detth. Also avail- 
able with hopper feed {5 AH). 


Model i>AF Motorstoker contained in a single unit 
with the boiler. Deposits ashes in a deep pit with ash 
storage capacity to last several months 


Model iiAF bin feed ash removal type for large 
homes or commercial buildings. Also avail- 
able with hopper and pit-type ash removal. 
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Detroit Stoker Company 


Sales and Engineering Offices 
General Motors Bldg.^ Detroit, Mich. 

Main Offices and Works at 
Monroe, Mich. 



District Offices in 
Principal Cities 

Built in 

Canada at London, Ont. 


Detroit Stokers are un- 
surpassed for economy and 
dependability. They include 
Underfeed and Overfeed 
Stokers of many sizes and 
capacities for all types of 
boilers, 30 Horse Power and 
upwards. All grades of Bitu- 
minous Coal successfully 
burned. Operating costs are 
low. Substantial, heavy 
designs represent over forty 
years’ experience in Stoker 
manufacture. Catalogs of 
various types, furnished on 
request. 



Detroit C-D Stoker is a Single Retort, 
Moving Grate Stoker with 
Continuous Ash Discharge. 



Detroit Double Retort Stoker, a 
multiple retort side cleaning stoker 
for medium size boilers. 



Detroit RotoStoker, {Stationary 
Grate Type). Ash removed through 
doors at grate level successfully burns 
a wide range of fuels. 


Detroit UniStoker 
with Detroit Ad- 
justable Feed 

(Coal Feed Control) 
insures accurate 
fuel and air supply 
for best economy. 
Single Retort, Side 
Cleaning, for boilers 
approximately 125 
to 250 horsepower. 

C-D Stoker — Sin- 
gle Retort, Moving 
Grate Stoker. Con- 
tinuous Ash Dis- 
charge Sections at 
each side have a 
rocking movement. 
Rate of ash dis- 
charge, controlled 
at the front. Ash 
pit losses are low. 
Motor or steam ram 
driven. For boilers of 
approximately 300 
to 500 Horse Power. 

Detroit Double 
Retort Stoker, a 
Multiple Retort 
Stoker having two 
retorts with the side 
cleaning feature. 
For medium sized 
boilers having wide 
furnaces. Used to 
advantage where 
limited space con- 
ditions prevent the 
use of the rear 
cleaning Multiple 
Retort Stoker. 
Detroit Roto- 
Stokers are Over- 
feed Spreader Type 
Stokers, having an 
Overthrow Rotor ac- 
tion, which insures 
uniform fuel distri- 
bution over the en- 
tire area. Offers ad- 
vantages over other 
firing methods for 
burning inferior 
fuels and efficiently 
handling extremely 
fluctuating loads, 
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Detroit UniStoker with Detroit Ad-^ 
justable Feed provides a wide range 
of coal feed control. 



Detroit C-D Stokers C-D stands for 
Continuous Discharge of Ashes. 



Detroit Multiple Retort Stoker for 
large boilers and high capacities. A n 
inclined fuel bed Stoker, Possessing 
all outstanding modern features 



Detroit RotoStoker {Dumping Crate 
Type) {Either Power or Hand Oper- 
ated) for large boilers. Particularly 
suited to fluctuating loads. 



Detroit Stoker Company 


Heating Systems • stokers 


DETROIT LOSTOKER 

Detroit LoStoker is a complete me- 
chanical firing unit in many grate area 
sizes and capacities for application to 
all types of boilers from approximately 
30 to 150 hp. Burns various grades of 
Bituminous Coal with high efficiency. 
Fuel is fed only when needed — none 
wasted. Single Retort, Side Cleaning, 
Adjustable Plunger Feed Type, me- 
chanically driven from electric motor, 
requires little power for operation. 
Automatically controlled from steam 
pressure, water temperature or room 
thermostat. Compact, easily installed, 
responsive and automatic. A great 
coal saver. 



DETROIT LOSTOKER 
ADVANTAGES: 

Continuous Adjustable Plung- 
er Feed with control of the quantity 
of coal fed and its distribution 

Heavy Mechanical Drive of 
simple design, requires little power. 

Side Gleaning with dumping 
grates, ashes removed through doors 
provided in the Stoker front. No 
hand cleaning. 

Agitator in coal hopper for con- 
tinuous coal feed, cannot stick or 
jam with wet coal. 

Automatically Controlled. 
Motor or steam turbine driven, con- 
trolled from steam pressure, water 
temperature or thermostat. 

Many grate area sizes and 
capacities to fit the furnace and pro- 
vide the proper grate area to readily 
handle heavy loads and also to 
operate efficiently under light load 
conditions. 


Detroit LoStoker readily applied to Firebox Boilers — built to 
fit the Furnace or Firebox. Coal Hopper with Agitator 
designed to clear Boiler Doors. Plunger Feed-side cleaning 
feature eliminates arduous hand cleaning of fires and cor- 
responding losses. 



Detroit LoStoker (Side elevation in brick setting) 
for horizontal return tubular or water tube boilers. 




Detroit LoStoker side elevation showing adjustable 
plunger feed 



Front Elevation of Detroit LoStoker (prickset type) 
built to fit the furnace. For use with horizontal tubu- 
lars firebox boilers on brick foundations or water tube 
boilers. Arrows indicate flow of air to all parts of the 
fuel bed. 
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Iron Fireman Manufacturing Company 

Automatic Coal Stokers 



Portland, Oregon 

Factories: Portland, Ore.; Cleveland, Ohio; Toronto, Canada 

Retail Branches or Subsidiaries: Chicago, III.; Milwaukee, Wis ; St. Louis, Mo.; 
New York, N. Y.; Brooklyn, N. Y ; Montreal, Canada 

Dealers in Principal Cities and Towns in the United States and Canada 
Representation in numerous foreign countries 


IRON FIREMAN AUTOMATIC COAL STOKERS 

COMMERCIAL HEATING MODELS 



Commercial Installation — Hopper Model 



Iron Fireman in Operation in Horizontal 
Return Tubular Boiler 


Hopper Model 

The Iron Fireman Commercial _ Heating 
stokers are general-purpose units, with 
wide application in schools, hotels, apart- 
ments, churches, office buildings, theaters 
and similar structures requiring a central 
heating plant . . . and in manufacturing 
plants, dairies and other establishments 
requiring heating and processing steam. 
The Commercial Heating stoker is the 
original type of Iron Fireman — the ma- 
chine which made coal an automatic fuel. 



Commercial Installation — Coal Flow model that 
carries coal direct from hunker to fire 


MODEL 

OUTPUT RANGE 

Boiler 

Horsepower 

Equivalent Direct Radiation 

Steam (240 Btu) 

Hot Water (150 Btu) 

Standard Hopper . 

2to 6 

3 to 50 

3 to 500 

20 to 350 

30 to 400 

30 to 130 

50 to 1,000 

250 to 800 

400 to 7,000 

400 to 70,000 
2.500 to 50,000 
4,000 to 56,000 

4.000 to 18,000 

7.000 to 140,000 

400 to 1,300 

650 to 11,000 

650 to 110,000 

4.000 to 75,000 

6.000 to 90,000 

6.000 to 29,000 

11.000 to 225.000 

Deluxe Hopper ... 

Coal Flow (available in all models) 

Commercial and Industrial Standard Underfeed 

Commercial and Industrial Poweram Underfeed 

Commercial Anthracite 

Pneumatic Spreader 


Space Heaters — Capacities from 30,000 to 100,000 Btu per hour. 

Combination Stoker— Winter Air Conditioning Units— Capacities from 60,000 to 210,000 Btu per hour. 
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Unit Heatmaker Room Furnace 
The Unit Heatmaker is a combination 
automatic coal stoker, room-furnace, hu- 
midifier, and forced warm-air circulator. 
It is made in two sizes; each size available 
for either bituminous or anthracite coal. 
This unit is particularly adaptable for 
small commercial and industrial heating. 
Forced circulation improves the distribu- 
tion of heat. The Iron Fireman Unit 
Heatmaker is clean and quiet in operation. 



Domestic Hopper Model 

For use in warm-air, steam and hot-water 
systems, and also in industrial applications. 
Principal application is in residences. 
Hopper model is easily filled through a low 



Self-Firing Winter Air- conditioner 
This Iron Fireman innovation produces 
superior winter air conditioning at extra 
low first cost and comparably low operat- 
ing cost . . . together with the convenience 
of coal feeding automatically from the bin. 
This unit contains stoker, steel furnace, 
humidifier, filters and blower. May be 
easily adapted to existing conditions and 
requires a minimum amount of space. 
Bituminous and anthracite models. 



Domestic Coal Flow Model 


Opening. Quiet in operation. Mechanism 
is dust-tight. (Similar models for anthra- 
cite remove ash automatically). Coal Flow 
models feed fuel automatically from bin. 
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Buffalo Pumps, Inc. 

450 Broadway, Buffalo, N. Y. 


Branch Offices 


Albany, N. Y., 1305 Standard Bldg., R. B. Taylor 
Atlanta, Ga., 305 Techwood Drive, J. J O’Shea 
Baltimore, Md., 508 St. Paul St., E. E. Thompson 
Boston, Mass., 507 Mam St., Melrose Station, E. D Johnson 
Chicago, III., 20 N. Wacker Drive, L. D. Emmert 
Cincinnati, Ohio, Building Industries Bldg., F. W. Twombly 
Clevelanp, Ohio, 418 Rockefeller Bldg., T. A. Weager 
Dallas, IbEXAs, 1801 Tower Petroleum Bldg., 

T. H. Anspacher 


Davenport Iowa, 305 Security Bldg , 

D C. Murphy Co , Inc. 
Denver, Colo., 1718 California St., Stearns Roger Mfg. Co. 
Deb Moines, Iowa, 214 Old Colony Bldg., 

D. C. Murphy Co., Inc. 
Detroit, Mich., 2051 W. Lafayette Blvd., 

Coon-De Visser Co., T, E. Coon 


Greenville, S C., 21 Blue Bldg 
Kansas City, Mo., 424 Dwight Bldg., A. E. Williams 
Los Angeles, Calip., 708 Pershing Sq. Bldg., P. R. Adrianse 
Minneapolis, Minn , 2102 Foshay Tower, E. F. Bell 
New Orleans, La., Devlin Bros., 1003 Maritime Bldg 
New York, N. Y., 39 Cortlandt St., W. S Koithan 
Omaha, Nebr , 106 N. 8th St , Russell Hams 
Philadelphia, Pa., 703 Cunai^ Bldg., Davidson & Hunger 
Richmond, Va., Wilbamson & Wilmer, Inc. Mutual Bldg. 
Seattle, Wash., 500 First Ave., So., A. T Forsyth 
St. Louis, Mo., 1598 Arcade Bldg., J. W. Cooper 
Toledo, Ohio, 1922 Linwood Ave., C. M. Eyster 
Washington, D. C. 512 Woodward Bldg , G. S. Franke 
Complete line manufactured in Canada by Canada 
Pumps, Ltd , Kitchener, Ont. 


PRODUCTS — A complete line of Single and Multi-stage Centrifugal Pumps 
and Special Pumps for use in all types of heating and 
air conditioning installations. 


Buffalo Double Suction Single 
Stage Centrifugal Pumps 



For general service where clear water is 
handled you will get top performance with 
these pumps. They embody all of the 
accepted modern features of centrifugal 
pump design. Capacities range from 10 to 
50 thousand U.S. gallons per minute. 

Buffalo Self-Priming Single and 
Double Suction Centrifugal Pumps 



Now available with positive self-priming 
device built with the pump. This primer 
is built under license from the Nash Engi- 
neering Company and is fully covered 
by patent. 

Buffalo Self-Priming Pumps offer these 
advantages: (1) All working parts are 
above the liquid to be pu^ed. (2) There 
is complete access to all parts of instal- 
lation. (3) Rotors are balanced — vibra- 
tionless. (4) Buffalo Self-Priming Pumps 
are very quiet — no long shafts to vibrate 
and fewer bearings. (5) Constant positive 
prime obtained without foot valves. 


Buffalo Single Suction 
Closed-Coupled Pumps 



This pump is close-coupled to electric 
motor, eliminating the necessity for bear- 
ings. The impeller is overhung on the 
motor shaft, providing a compact, easily- 
serviced unit. Permanent alignment is 
assured and the pump mounted in this 
manner requires very little space. 

Buffalo Close - Coupled Pumps are 
suitable for handling hot water with low 
submergence on suction, or for operating 
with suction lift as high as 25 ft. 

These pumps are also available in 
special alloys. 


Buffalo 
Automatic 
Sump Pumps 
Buffalo Sump 
Pumps are self- 
contained and 
have unusually 
high efficiencies 
thus ,jpermitting 
the use of small 
motors. Ball 
bearing thrust 
and enclosed shaft 
especially adapt 
these pumps for their service. 
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Chica/go Pump Company 

2330 Wolfram Street BRUnswick 4110 Chicago 

PRODUCTS — Return Line Vacuum Heating and Boiler Feed Pumps, Con- 
densation, House, Booster, Fire Pumps, Circulating, Brine, Sewage, Bilge, 
Sludge, Pneumatic and Tankless Water Supply Systems and Automatic 
Alternator, for Duplex Sets of Pumps. 


“CONDO-VAC” 


Return Line Vacuum Heating and 
Boiler Feed Pump 



Fig. 210^ — Duplex "Condo-Vacs"' "with 
Duplex Double Automatic Control 


No vacuum on stuffing boxes, ample clear- 
ance in rotating member. It costs less to 
operate a “Condo-Vac.” “Condo-Vac” 
reduces corrosion in piping and boiler to 
minimum — because pump does not take 
in air from atmosphere and entirely elimi- 
nates all air coming back from system. 
“Condo-Vac” is quiet, has a low inlet, 
entirely automatic, fool-proof, easy to 
maintain. Ask for hidletin 270. 


Close-Coupled Pumps 

Boiler Feed, Circulating, Tank Filling, 
Water Supply 



F%g. 21S0 — Close-Coupled, side suction pump Capac- 
ities range from 3 to 600 Gpm against heads up to 
189 ft. Motors from 1/6 to 20 Bp. Discharge 1 to 
3 in. Closed and open type impellers. Bulletin 108, 


“Sure-Return” Condensation Pump 

for Low and Medium Pressure, and Systems 
up to 35,000 Sq Ft Radiation 



Fig. 1946 


“Sure Return” Condensation Pumps and 
Receivers are built for systems up to 
35,000 sq ft of direct radiation and for low 
and medium pressures. Built in either 
single or duplex units. Duplex units are 
alternated in their operation by the Auto- 
matic Alternator. Complete data in Bulle- 
tin 250. 


Vertical Condensation Pumps 


for Low and Medium Pressure for Systems 
from 500 to 100,000 Sq Ft Radiation 



The vertical condensation 
pump is designed to re- 
ceive returns from lowest 
radiation. The receiver is 
placed underground — ^an 
ordinary hole sufficing if 
necessary — and requires 
very little floor space. 
Unit is shipped complete, 
easy to install, assembled 
so as to prevent steam 
leaks. Special bearings 
will stand up under hot 
water for several years. 
A special float mechanism 
is guaranteed not to leak 
or stick in stuffing box. 
Complete data and descrip- 
tion in Btdletins 245 j 253 
and 255. 
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The Nash Engineering Company 

234 Wilson Road South Norwalk, Conn., U. S. A. 

Sales and Service Offices in all Principal Cities 



Return Line Vacuum Heating 
Pump 

Standard with the heating industry for over 
seventeen years. Removes air and conden- 
sation from return lines of vacuum steam heat- 
ing systems, discharging air to atmosphere and 
returning water to the boiler. 

^ Two independent units are combined in a 
single casing — an air unit and a water unit. 
Impellers of both are mounted on the same 
shaft. Pump is bronze fitted throughout. 

Supplied direct connected to standard elec- 
tric motors, for belt drive, or for steam turbine 
drive. For continuous or automatic operation. 
Standard in capacities up to 300,000 sq ft 
E.D.R. Larger units special. Bulletins Nos. 
307, 308, 309. and 310 on request. 



Vapor Turbine Vacuum Heating 
Pump 

Jennings Vapor Turbine Heating Pumps 
combine all advantages of the standard return 
line heating pump with a new type of drive, a 
specially designed low pressure turbine which 
operates directly on steam from the heating 
mains on any system, requiring a differential 
of only 5 in. of mercury, and returns that 
steam to the heating system with practically 
no heat loss. 

This pump affords the safety and economy 
which goes with continuous condensation re- 
turn and steady vacuum, and at no cost for 
electric current. Furnished standard in capa- 
cities up to 65,000 sq ft E.D.R. Larger units 
special. Bulletin No. 290 on request. 



Condensation Pump and Receiver 

Removes the condensation from radiators in 
return line steam heating systems, particularly 
radiators set below the boiler water line level, 
and pumps the condensation back to the 
boiler. Pump is bronze fitted with enclosed 
centrifugal impeller of improved clesign. By 
making the pump casing a part of the return 
tank, and bolting the motor base to the tank, 
floor space is conserved. The rectangular 
construction permits installation in a corner 
against the wall. 

These pumps are furnished in standard sizes 
with capacities ranging from IH to 225 gpm 
of water. For serving up to 150,000 sq ft of 
equivalent direct radiation. Bulletin No. 319 
on request 
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The Nash Engineering Company 

234 Wilson Road South Norwalk, Conn., U. S. A. 

Sales and Ssrvice Offices in all Principal Cities 


Centrifugal Pump 

Made in standard and suction (self-priming) 
types. For circulating hot and cold water; 
boosting city water pressure; handling water 
in air washing and conditioning; handling ash 
sluicing water, etc. 

Compact — motor armature and pump im- 
peller are mounted on the same shaft. Simpli- 
fied — no bearings in pump casing, one stuffing 
box. Accessible — impeller removable without 
disturbing piping or shaft alignment. 

Self-priming types will handle air or gas con- 
tinuously with liquid being pumped, and can 
be operated intermittently without foot valve. 

Supplied in 1, 2, 3, 4, 6, and 8 in. 

sizes, with capacity up to 2000 gpm. Heads 
up to 300 ft. Bulletin No. 322 on request. 


Suction Sump and Sewage Pumps 

Jennings Sump Pumps are self-priming cen- 
trifugals for handling seepage water and 
liquids reasonably free from solids. Sewage 
Pumps are equipped with non-clog type im- 
peller for liquids containing solids. Suction 
piping only is submerged. Centrifugal impeller 
and vacuum priming rotor are mounted on 
same shaft that carries rotor of the driving 
motor, forming a single moving element, ro- 
tating without metallic contact. 

Will handle air or gas with liquid being 
pumped, and because of self-priming feature 
are installed entirely outside of pit, affording 
perfect accessibility for inspection or cleaning. 
Capacities to meet all requirements. Bulletins 
Nos. 159, 161, and 338 on request. 


Air Compressor and 
Vacuum Pump 

Nash Air Cornpressors operate on a unique 
and different principle. The one moving part 
rotates ^ in casing without metallic contact. 
There is nothing to wear, and no internal 
lubrication. 

Nash Compressors deliver absolutely clean 
air; ideal for agitation of liquids, pressure 
displacement, and handling gases. Vacuum 
pumps ideal for priming pumps, blood sucking 
pumps in hospitals, and wherever non-pul- 
sating vacuum is required. 

Pressure 75 lb or vacuum 27 in. of mercury. 
Furnished for any capacity; special for higher 
vacuums and pressures. Bulletins Nos. 282, 
325, 331 and 337 on request. 
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Adsco 

PRODUCTS 
for STEAM 
SERVICE 


American D istrict S team C ompany 

North Tonawanda.N Y 

IN BUSINESS OVER SIXTY YEARS 
Branches and Agents in Principal Cities 


For Data on ADSCO Expansion Joints, refer to Insulaiioti, Underground, page 1117. 



ADSCO FLOW METER— ORIFICE TYPE 

Exceptionally accurate at all rates of flow and will 
meter steam, water, gas or air. It is a compact unit 
for indicating, recording and integrating the flow and 
can be furnished in other combinations of these three 
devices. Easily installed and maintained by the pur- 
chaser. Frictionless meter mechanism, records on 
evenly-divided, direct-reading chart, _ giving a daily 
record from which to determine heating or processing 
costs. Write for Bulletin No. 35-83G. 


ROTARY CONDENSATION METER 

Measures steam consumption by meter- 
ing condensate from heating systems or 
industrial equipment. Accurate within 
1 per cent and factory tested to 150 per 
cent of rated capacity. Compact, easily 
cleaned, tamper-proof and equipped with 
non-fogging counter mechanism. Counter 
reads directly in pounds. Suitable for 
vacuum or gravity service. Available in 
7 sizes from 250-12,000 lb per hour capa- 
city. Write for Bulletin No. 36-80AG. 


Roiary Condensation Meter 


ADSCO VERTICAL STEAM TRAP 


A float type steam trap with or without 
thermostatic air by-pass for vacuum ser- 
vice to 15 lb pressure and gravity service 
to 125 lb pressure. The cover with all 
working parts can be removed without 
disturbing the piping connections. The 
trap is equipped with a reversible valve 
and reversible seat of stainless alloy steel. 
Write for Bulletin No. 35-86G. 


ADSCO Vertical Steam Trap 


ADSCO Instantaneous Water Beater 


ADSCO HEAT EXCHANGERS 

Made in various sizes and capacities to 
heat or cool water, oils, other licjuids or 
gases according ^ to expert engineering 
specifications. Simple in design, sturdy 
in construction, dependable and economi- 
cal in operation. Available in U-tube or 
straight tube types of heaters, economizers, 
condensate coolers or special units. Write 
for Bulletin No. 35-75BG, 35-7GG. 
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E. B. Badger & Sons Co. 

General Office: 75 Pitts Street, Boston, Mass. 


Representatives 


Atlanta, Ga 140 Edgewood Ave. 

Birmingham, Ala 444 Brown-Marx Bldg. 

Buffalo, N. Y 361 Delaware Ave. 

Charlotte, N. C 1408 Independence Bldg. 

Chicago, III 1307 S. Michigan Ave. 

Cincinnati, Ohio 831 Temple Bar Bldg. 

Cleveland, Ohio Guardian Bldg. 

Denver, Colo 725 Denver National Bldg. 

Des Moines, Iowa 414 Twelfth St. 

Detroit, Mich 424 Book Bldg. 

Houston, Texas 5646 Navigation Blvd. 

Indianapolis, Ind 825 Occidental Bldg. 

Kansas City, Mo 1332 Oak St. 


London, England 153, Moorgate 

Los Angeles, Calif 609 S. Anderson St. 

Minneapolis, Minn 732 Builders Exchange 

Montreal, Quebec 1411 Crescent St. 

New Orleans, La. 628 South Peters St, 

New York, N. Y 271 Madison Ave. 

Philadelphia, Pa. 1500 Walnut St. 

Pittsburgh, Pa 409 Magee Bldg. 

Salt Lake City, Utah Kearns Bldg. 

San Francisco, Calif Sharon Bldg. 

Seattle, Wash Smith Tower 

St. Louis, Mo 4060 West Pine Blvd. 

Vancouver, B. C 1390 Richards St. 


ENGINEERS AND MANUFACTURERS 

Manufacturers of Copper and Stainless Steel Badger Corrugated Expansion 
Joints; Engineers and Manufacturers of Chemical Apparatus; Engineers on 
Process Work; Designers of Complete Plants. 


More than forty years’ experience in design, manufacture and application are back 
of BADGER EXPANSION JOINTS. Most recent developments emphasize the 
constant study Badger engineers are giving to expansion joint development: 

1 . . . Application of Heat Treatment . . . scientific heat treatment is applied 
throughout the fabrication of Badger Expansion Joints with the result that the buyer 
gets all the benefits of this important metallurgical step. 

2 . . . Directed Flexing . . . involving a new design corrugation and equalizing ring, 
resulting in much longer joint life. The all-curve Directed Flexing corrugation distri- 
butes flexing stresses which, with straight-sided corrugations, tend to localize. 

3 . . . Stainless Steel Joints . . . perfected after years of study and testing with this 
useful metal . . . now practicable to use the packless type of joint for high tempera- 
tures and high pressure conditions. 

The BADGER Expansion Joint is the packless type. Requires no servicing through- 
out its long life. Ideal particularly for underground use or in cramped quarters. Wide 
range of traverse. 


BADGER 

Self-Equalizing, Directed 

Flexing, Expansion Joint 

Designed for traverses ranging 
from fractions to 6 inches single 
and 12 inches double; for pres- 
sures ranging from high vacuum 
to 200 pounds (copper) and 300 pounds 
(stainless steel); and for temperatures 
ranging from sub-zero to 500 F (copper) 
and 900 F (stainless steel). List prices, in- 
stallation and other data in Bulletin 100. 

BADGER 
Non-Equalizing 
Expansion Joint 



Welding End 
and Flanged 
End, Directed 
Flexing, Self- 
Equalizing Ex- 
pansion Joints. 



Designed principally for traverses up to 
H inch and for pressures up to 25 pounds; 
also good as the connecting element be- 
tween adjacent equipment to absorb vibra- 
tions or limited lateral displacements; 
standard shapes: round, oval, square or 
rectangular; special shapes to order. 
Bulletin No. 200. 


BADGER Flexible Pipe Line Seal 

Designed to be used on pipe passing 
through walls, foundations or bulkheads, 
the purpose being to allow expansion and 
contraction but to seal the opening against 
seepage of ground or other waters. 
Bulletin No. 300. 
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Armstrong Machine Works 

851 Maple Street Three Rivers, Mich. 


Representatives 
in All 
Principal 
Cities 


Armstrong offers two types of traps for 
heating, air conditioning, and steam distri- 
bution service. 

Standard Inverted Bucket Traps, the 
type originated by Armstrong, are non- 
airhinding and self- scrubbing. They are 
used for low, medium, and high pressure 
service where relatively little air must be 
handled along with the condensate. Their 
free-floating lever design makes it possible 
to open very large discharge orifices com- 
pared with the size of the trap itself. 

Armstrong Blast Traps are used where 
large amounts of air must be vented quick- 


ly when steam is first turned on. They 
have several advantages over the conven- 
tional float and thermostatic trap. 

1. The Armstrong Blast Trap has but a 
single orifice to be maintained tight against 
the full pressure differential. 

2. Positive action. The discharge valve 
in an Armstrong Blast Trap is either wide 
open or tight shut. Fast opening and fast 
closing prevent wire-drawing. 

3. Handles dirt. There are no dead 
spots in an Armstrong Trap in which dirt 
can settle and interfere with the operation 
of the trap. 



Cross-section of No. 800, 811, 
812 and 813 traps for straight- 
through pipe connections. 



Side Inlet Traps 


Trap Size 

No. 800 

No. 81 1 

No. 812 

No. 813 

No. 801 

Pipe Connections 

List Pnce (Regular) . . 

List Pnce (Blast Trap) . . . . 

Telegraph Code (Re^ar) 
Telegraph Code (Blast Trap) 
Dimension A . . . ... 

B 

“ C... 

“ D.. 

“ E 

Number of Bolts 

Diameter of Bolts ... 

Weight . . . . 

Maximum Pressure. lbs. . . . 

$7.00 

$8.50 

Aloe 

Aloette 

33// 

125 

$10.00 

$11.50 

Brown 

Brownette 

5" 

■ 6 
’// 

5Vi lbs. 

250 

$18.00 

Cherry 

Chcrette 

w 

6 

Vz” 

131/2 lbs. 
250 

3// or r 
$22.00 
$24.00 
Dawn 
Dawnette 
T 

llV/ 

73 // 

• 

6 

Vf 

25 lbs. 
250 

$7.00 

$8.50 

Arrow 

Arrowette 

33 // 

6 

’// 


5 

450 

830 

1600 

2900 



10 

560 

950 

1900 

3500 


Continuous discharge 

15 

640 


2100 

3900 


capacity in lb of water 

o 20 

690 

880 

1800 

3500 


per hour at pressure 

1 30 






indicated. For more 

8 50 

580 

840 

1900 

4100 


complete information 

a: 70 

660 

950 

2200 

3800 


see the Capacity 

^ 100 

640 

860 

1800 

3600 


Chart in Armstrong 

-J 125 

680 

950 

2000 

3900 

680 

Steam Trap Book. 

150 


810 

1500 

3500 



200 


720 

1200 

3200 



250 

’ 

760 

1300 

3500 




No. 800 



No. 801 
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MATERIALS USED IN ARMSTRONG TRAPS 


Part No. 

Name 

Material 

I &2 

Cap and Body 

Cast Semi-Steel, 33,000 lb tensile strength 

3 

♦Seat 

Chrome Steel 

4 

Guide Plate Pins . . . 

Stainless Steel 

5 

♦Valve 

Chrome Steel 

6 

Lever 

Stainless Steel 

7 

Bucket (drawn in one piece for No. 800, 801. 21 1 and 212) 

Stainless Steel 

8 

Retainer 

Stainless Steel 

9 

Gasket 

Compressed Asbestos 

10 

Bolts and Nuts 

Steel 90,000 lb minimum tensile 

11 

Thermic Vent 

Stainless Bi-metal and Stainless Steel 

12 

Test Plug 

Steel 


'•'Valve and Seat are heat treated after machining. 


4. The wearing parts in all Armstrong 
Traps are identical in design, material, and 
precision workmanship with parts used in 
Armstrong Forged Steel Traps for pres- 
sures up to 1500 lb gage and total tempera- 
tures of 850 F. 


Armstrong Steam Trap Book. This 
36 page book gives complete information 
on all sizes and types of Armstrong Traps. 
It also contains 17 pages of data on the 
subject of trap selection, installation, and 
maintenance. A free copy will be mailed 
on request. 



FOR 

BLAST 

TRAP 

JOBS 



ALL Armstrong traps are readily convertible into “Blast” 
type traps merely by using buckets equipped with the 
patented auxiliary thermic air vent. As shown in the above 
sketches, the mechanism for this vent consists of a stainless 
steel disc slotted to receive the end of a bi-metal strip. 
Different coefficients of expansion in the bi-metal cause it 
to bend down when cold and up when hot. Normally, it is 
set to close at 212 deg, but it can be set to close at higher 
temperatures. Capacity, 50 to 100 times the air-venting 
capacity of a standard trap. 



Bottom Inlet Traps 


Trap Size 

No. 211 

No. 212 

No. 213 

No. 214 

No, 215 

No. 216 

Pipe Connections 


Vz" 

i/2%r3/4« 

1 / 2 " or 3 / 4 ” 

1" 

1 ” or P/ 4 " 

’’/2"or2” 

List Price (Regular) . 


$ 9.25 

$15.00 

$20.75 

$29.00 

$38.00 

$55.00 

List Price (Blast Trap) 

$10,75 

$17.00 

$22.75 

$31.50 

$40.50 

$60.00 

Telegraph Code (Regular) 

Aspen 

Birch 

Walnut 

Hemlock 

Larch 

Tamarack 

Telemaph Code (Blast Trap) 

Aspette 

Birette 

Walette 

Hemlette 

Larette 

Tamrette 

Height Dimension B . .. 


8” 

IOV 4 ” 

l^A" 

14” 

163/4" 

Diameter 

A .... 

4V8" 

5« 

63/8” 

w 

W 

io?r«" 

Wall Thickness 

C . . .. 




w 

Vil 

V&l 

Diameter of Bolts .... 


>/4" 

V 4 " 

Vs” 

w 

Vi” 

1 / 2 ” 

Number of Bolts 


6 

8 

6 

8 

8 

12 

Weight 


51/2 lb 

IO>Alb 

19 lb 

321b 

471b 

801b 

Maximum Pressure . . 


250 

m 

250 

250 

250 

250 


5 

830 

1600 

2900 

4800 

7600 

14500 


10 

950 

1900 

3500 

5800 

9000 

17300 

Continuous discharge 

15 

1060 

2100 

3900 

6500 

10000 

19200 

capacity in lb of water 

o 20 

880 

1800 

3500 

6000 

8500 

18500 

per hour at pressure 

1 30 

1000 

2050 

4000 

6800 

9800 

18000 

indicated. For more 

3 50 

840 

1900 

4100 

6300 

9000 

18200 

complete information. 

du 70 

950 

2200 

3800 

6000 

9200 

18300 

see the Capacity 

js 100 

860 

1800 

3600 

6200 

10400 

18000 

Chart in the Arm- 

J 125 

950 

2000 

3900 

6700 

10900 

20000 

strong Steam Trap 

150 

810 

1500 

3500 

5700 

9500 

18500 

Book. 

200 

860 

1600 

3200 

5300 

9200 

17500 


250 

760 

1300 

3500 

5700 

7000 

19000 
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Cochrane Corporation 

3130 North 17th Street, Philadelphia, Pa. 

Branch Offices in 40 Principal Cities 


COCHRANE HEAVY-DUTY 
STEAM TRAPS 

A high pressure unit for condensate 
drainage of steam lines, separators, coils, 
evaporators, etc., and for conditions in- 
volving relatively high drainage rates. 
Recommended for pressures up to 400 Ib. 

Simple construction. No levers, con- 
stricted passages or stuf- — ' 

fing boxes to become clog 
ged with sediment 
or scale. All parts 
are readily 
accessible. 

Action is 
quick and 
positive, 
avoiding wire 
drawing and 
erosion. 

Write for 
publication 

No. 2850. _ . 

MULTIPORT DRAINERS 

Of the multiport type, they afford un- 
usual capacity for removing condensate or 
drips from purifiers, separators, jackets, 
radiators, pressure heating or drying coils, 
etc. Eliminating condensate delivers maxi- 
mum heat from steam production at lower | 
cost. Tremendous | 

capacity assured 
by large port 
areas. Provides 
continuous dis 
charge. Instantly 
responsive. 

Compact 
and light 
in weight. 

For pres- | 
sures up to 
150 lb. Mulltport Drainer 

COCHRANE MULTIPORT 
RELIEF VALVES 

For back pressure, atmospheric relief, 
flow or check 
valve service on 
air, gas, steam or 
water lines. Pos- 
itive protection 
against stuck, 
jammed or “fro- 
zen” valves as a 
number of small 
disks are used 
instead of one 
large disk. Write 

MuUiport Back Pressure I 
No. 2870. Valve 


COCHRANE FLOW METERS 
Flow meters of both mechanical and 
electrical types for measurement of steam, 
liquids and 
gases. Mechani- 
cal meter uses no 
working parts in 
the pressure 
chambers and no W/ 
stuffing boxes, wjf 
The electric *' 

meter measures L 

flow by the ex- K a 
tremely accurate jH 

galvanometer BL ^ „ 

null principle. 

meter” measures 

corrosive or viscous fluids. Publication 3010. 

ALL-SERVICE SEPARATORS 

Cochrane Separators purify steam by 
separating out oil, slugs of water and con- 
densate. Complete 
removal of en- 
trainment is ac- 
complished by - 
vertical baffle ribs 
which guide it into 
a direct unrestrict- 
ed fall, and a 
baffle area which 
extends far beyond 
the flow from the 
inlet pipe. Ports 
at the sides of the 
baffle prevent the 

purified^ steam All-Service Separator 
from passing over 

the drip area and coming into contact with 
the entrainment. The steam flow is un- 
interrupted and pressure loss is minimized. 

COCHRANE-BECKER HIGH 
PRESSURE CONDENSATE 
RETURN SYSTEM 
In unit heaters, coil radiation, blast 
heaters, etc., this sytem will reduce fuel 
costs by return of condensate direct to 
boiler at temperatures comparable to that 
of the pressure of steam utilized. 

Based on a jet pumping principle, it 
accomplishes complete removal of air ami 
non-condensible gases together with the 
condensate from the equipment drained, 
thus improving heat transfer rates. 

Operates in a closed circuit from which 
all air is automatically vented. Made in 
sizes to handle from 50 to 1500 H. H. P. 
and at pressures up to 150 pounds. Write 
for Bulletin 3025. 
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Heating, Industrial and Power Plant Piping, Fittings, Hangers, 
Valves, Pipe Bending, Welding, Piping Supplies, Etc. 

Executive Offices: Providence, R. I. 

National Distributors of Thermoflex Traps and Heating Specialties 

For data on other Grinnell Products, see pages 1020-1022 


Thermoflex Specialties 

The heart of all Thermoflex Traps is the 
Hydron Bellows. 

The Hydron Bellows is formed under 
hydraulic pressure. This powerful internal 
pressure locates any weakness of any 
nature in the tubing. Such hydraulic pres- 
sure is many times more severe than any 
pressure the Trap will ever be called upon 
to control. Every Thermoflex Trap, there- 
fore, is practically indestructible. 

Thermoflex Traps have an exceptionally 
large orifice. This large orifice combined 
with high lift, insures fast action and 
freedom from clogging. 

We supply Thermoflex Traps guaran- 
teed for steam pressures of 25 lb, to 50 lb 
and to 125 lb. Complete information and 
details of typical installations will be gladly 
sent on your request. Ask for Catalogue 
on Thermoflex Heating Specialties, 

Valves, Traps, Gauges, Etc. 

The Thermoflex line includes: Radiator 
Traps, Offset Traps, Blast Traps, Drip 
Traps, High Pressure Traps, Vent Traps, 
High-grade Packless Inlet Valves, and the 
Thermoflex Alternator, Thermoflex Com- 
pound Gauge, Thermoflex Damper Regu- 
iator. 

No. 12 

Thermoflex Radiator Trap 



The full eight-fold Thermoflex-Hydron 
Bellows is guaranteed because of the 
Hydron-forming process. Body is heavy 
‘bronze construction throughout, with 
renewable seat. 

Fully nickel-plated with highly polished 
trimmings. The No. 12 is made in angle 
and in corner patterns, with in. inlet 
and yi in. outlet tappings. The inlet neck 
is double thick to allow for expansion 
•strains. Guaranteed for steam pressures 
lup to 25 lb. 


Thermoflex High Pressure Traps 



The No. lOOA Thermoflex Trap is guar- 
anteed for steam pressures from 50-125 
lb. Must not be used where the steam 
temperature exceeds 400 F. 

For use with all types of process work. 
Laundry Machinery, Kitchen Equipment, 
Hospital Sterilizers, Vulcanizers, Dry 
Kilns, Unit Heaters, Street Steam Service, 
etc., in fact any place that a trap is 
desired for service at the above pressures. 

Small, compact and inexpensive. 

Extra heavy body. Renewable nickel 
steel seat and disc. Bellows made from 
special bronze tubing and encased in brass 
sleeve to prevent distortion due to pressure. 

Regularly furnished without unions, 
plain nickel finish. Can be furnished with 
unions, polished nickel or chromium plated 
at extra cost. 

No. 4 Thermoflex Drip Traps 



Used for dripping mains, risers, coils and 
unit heaters. Semi-steel body, bronze cap 
and inserted renewable bronze seat, angle 
pattern only, without unions. Can be 
used for any general purpose where a 
finished, nickel-plated trap is not neces- 
sary, and at a lower cost. Guaranteed for 
steam pressures up to 25 lb. 
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Kieley & Mueller, Inc. 

Established 1879 

Engineering Specialties for Pressure and Flow Control 

40 West 13th Street, New York, N. Y. 

Factory: NEWARK. N. J. 

Agents in All Principal Cities 


PRODUCTS— Valves; Altitude, Stop and Check, Pressure Regulating, Float, 
Pilot Reducing, Back Pressure, Tank Control. 

Liquid Level Controllers, Water Feeders, Pump Governors, Steam Traps, 
Y-Type Strainers. 

Also Damper Regulators, Hot Water Temperature Controllers, Oil 
Separators, Steam Separators, Return Traps, Water Columns, etc. 

Catalogs sent upon request 



Pressure Regulating Valve 

Spring and lever weighted valves for all 
services and for initial pressures up to 250 
lb and reduced pressures from 0 to three- 
quarters of the initial pressure. Single or 
double seated in sizes to 16 in. Suitable 
for steam, water, air, oil and gas. Con- 
trolled by a small feeler pipe connected 
from diaphragm to low pressure side. 

Steam Traps 

Large capacity, 
small sized inverted 
bucket traps ; quick- 
acting, self-cleaning 
and non-air bind- 
ing. Sizes to 2 
in. Pressures up to 
250 lb. Body and 
cover, semi - steel. 
Valve and seat, 
stainless steel. Re- 
movable cap allows 
inside inspection or 
replacement of 
valve parts without 
disturbing pipe connections. (All parts 
are interchangeable). 



Back Pressure and Atmospheric 
Relief Valve 

For use where plant is operated either con- 
densing or non-condensing. Outside air 
dash pot insures noiseless operation. 
Maintains exhaust line back pressure from 
0 lb to 25 lb. Made horizontal or vertical 
lever and weight or spring operated. 



For the accurate control of liquids in tanks 
or other vessels; suitable for use in in- 
dustrial^ plants, gasoline plants, refineries, 
etc. Direct connected or remote control; 
ball bearing spindle and easy-to-pack 
stuffing box; rotary or sliding valve. 
Write for special bulletin C-3. 
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Mueller Steam Specialty Co., Inc. 

40-20 22nd Street, Long Island City, N. Y. 

Steam, Water, Air, Oil and Gas Specialties for Heating and Power Plants 


Pressure Reducing Valves — Straight Pattern and With Increased Outlet 



No. 11 — For Vacuum, Vapor and Low Pressure Heating Systems. Initial Pressures, 
up to 200 lb; Reduced Pressures, 0 to 10 lb. 

No. 17 and 21 — For automatic control of reduced pressures on dead-end service, 
requiring a tight closing valve, such as tank heaters, kitchen utensils, sterilizing ap- 
paratus, laundry equipment, kettles, cookers, driers, etc. Initial Pressures up to 200 lb. 
Reduced Pressures 0 to 150 lb. 

Constructed with full globe bodies. Center guide eliminates the wings on discs, and 
increases efficiency, assures minimum noise and prolongs the life of the seats and discs. 
Lever and^ weight operates on a steel roller bolt, assuring a most sensitive valve. Spring 
type furnished with special long springs for sensitive operation and wide ranges of 
reduced pressures. 

Automatic Water Feeders 

With a powerful leverage to control 
the water line in steam boilers, etc. They 
supply make-up water to compensate for 
evaporation, leaks, steam utilized in 
process work and condensation wasted. 

Where condensation held up in the 
system eventually returns in large 
quantities, our Duplex type protects 
the boiler against flooding. All working 
parts of non-corrosive metal, are accessible without breaking pipe connections. Provided 
with an integral strainer. For steam pressures up to 100 lb, water pressures up to 120 lb. 

Equipped with single and double contact mercury Tube Switches for all services. 



BoM Float 

No £19 -Up to SO U). 
No.££l-Upto ISO lb. 
Sizes HtoS in. 


Steam Traps 

Simple, Sturdy and Compact Ball Float 
and Inverted Bucket Steam Traps for 
draining water of condensation from st^m 
apparatus and steam mains. 

Powerful leverage enables 
them to take care of large 
quantities of condensation. 

Ball Float Steam Traps 
equipped with integral strain- 
er, water gages, air cocks, 
blow-off and integral by-pass 
valve, when desired. 

All working parts are ac- 
cessible without disturbing 
any pipes. 

Valves are sealed with sev- 
isoa inches of water, making 

in. the escape of steam impossible. 



Inverted Bucket 
No. £11 —For Pressures 
Up to £50 lb. 

Sizes }^to£ in. 


Catalogue and Bulletins covering our Complete Line gladly furnished on application. 
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Wright-Austin Co. 

317 West Woodbridge St., Detroit, Mich. 


PRODUCTS — Steam Traps, Strainers, 
Air Traps, Steam and Oil Separators, 
Compressed Air Purifiers, Exhaust 
Heads, Boiler Feeders and Controllers, 
Alarm Water Columns, Water Gauges, 
Try cocks. 


“Airxpel” Bucket Type Steam Traps 

Are “double duty” traps, because they 
automatically discharge both air and 
condensate. 

Union connections make them easy 
to connect up. 
Also, furnished 
with screw con- 
nections when 
desired. They 
save money for 
fittings and instal- 
lation labor, by 
having straight 
through horizon- 
tal pipe connec- 
tions. 



The Cub sizes are made 
in in., % in., 1 in. 
Especially suitable for in- 
dividual unit drainage on 
heating and process equip- 
ment. 

^ Also three “Master” 
sizes in. to 2 in., for 
general service. 



“Combination” Steam Traps 


Float Type with 
internal thermo- 
static air bypass 
and strainer for 
pressures 0 to 40 
lb. ^ A modernly 
designed and very 
successful trap for 
vacuum and pres- 
sure heating. 



“Victor” Low Pressure Steam Traps 



A heavy duty 
trap for large 
volumes of con- 
densation at low 
pressures. 


“Emergency” Float Type Steam Trap 


Three valve trap with 
large capacity at high 
pressures. An ex- 
ceptionally reliable 
trap for use in inac- 
cessible places. 




Air Relief Traps 
For relieving air from 
forced circulation hot 
water heating systems, 
water supply lines, 
closed tanks, receivers, 
pumps, etc. 


“Tuway” Strainer 
May be used two ways — ^ 
as a straight-way or angle 5 [ 
strainer, in either hori- f 
zontal or vertical pipe 
line, because it ^ has the , 
choice of two inlets at 
right angles to one another. 

For cleaning, flush 
through blow-off connection, or remove 
screen by unscrewing bottom plug. 



Separators — Steam and Oil 

Type “A” Vertical Type “S” 
Steam Horizontal Oil 



We make separators of every type and 
all sizes for all pressures. 



Exhaust Heads 

Designed to eliminate 
noise and spray. Three 
types to select from— the 
“Cyclone” Heavy Duty, 
and Standard (lalwnnized 
Steel- -also, the cast iron 
type, to remedy all condi- 
tions, .Sizes 1 in. to 48 in. 


6'cnd /or descriptive Bulletins on any of 
the items listed on this pa^e* 


1082 



Heating Systems • speaaities 


Yamall -Waring Company 


Manufacturers of 


Steam Specialties 


7600 Queen Street, Philadelphia, Pa. 


YARWAY IMPULSE STEAM TRAPS 


Construction — The Yarway Impulse 
Steam Trap is unique in that there is only 
one moving part, the simple valve F. 
This trap is made of bar stock throughout, 
no castings used. Body and bonnet of 
cold rolled steel, cadmium plated; cap of 
tobin bronze, valve and seat of heat 
treated stainless steel. For pressures 
400 to 600 lb, bonnet and cap are stain- 
less steel. 

Operation — Movement of the valve is 
governed by changes in pressure in control 
chamber (K).^ When handling ordinary 
condensate, tiny control flow bypassing 
through orifice in center of valve reduces 
chamber pressure below inlet pressure and 
valve opens, allowing free discharge 
through seat. As condensate approaches 
steam temperature, low chamber pressure 
causes flashing, flow through center orifice 
is choked and pressure builds up in control 
chamber closing valve (F). 

Advantages 

Light Weight — Yarway traps need no 
support — H in. trap weighs only lb. 
2 in. trap weighs 8^ lb. 

Small Size — They practically eliminate 
radiation losses — can be installed in 
cramped quarters — in. trap measures 
2J4 in. long — 2 in. trap, 4% in. long. 

Will not air bind. 

Require no priming. 

Insure quick heating. 

Operate on exclusive Impulse principle 
( U. S. Patents No. ^,051 JSS and2, 127,649:) 

Low Price — Often cheaper than re- 
pairing old traps. 


Factory set to operate at all pressures 
up to 400 lb (or 600 lb) without change 
of valve seat. 



List Prices, Weights and Dimensions 
No. 60 Series — up to 400 lbs. and 
No. 70 Series — up to 600 lbs. 


Size 

Trap 

Complete 

Weight 

Pounds 

Length 

Inches 

Nos. 60 or 70 

$15.00 

I’A 

25/8 

iLr Nos. 61 or 71 

22.00 

2 

3 

V Nos. 63 or 73 

31.00 

2Vi 

3^8 

!>// Nos. 64 or 74 

48.00 

4 

33/4 

Nos. 66 or 76 

68.00 

53/4 

4>/4 

2" Nos. 67 or 77 

90.00 

Wz 

43/4 


For further information send for 
descriptive bulletin T-1735. 


YARWAY GUN-PAKT EXPANSION JOINTS 


All-steel welded construction; light but 
strong. Chromium covered sliding sleeves. 



Cylinder guide and stuffing box integral, 
assuring perfect alignment. Internal 
limit stops. Gun-pakt and Gland-pakt 
t>[pes; Gun-pakt (illustrated) fitted 
with screw guns which permit insertion 
of plastic packing while joint is under 
pressure. Sizes 2 in. to 24 in., single 
end or double end, flanged or welding 
ends; 150, 300 and 400 lb pressures. 
For additional details send for bulletin 
EJ-1908. 
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Anderson Products, Incorporated 

Cambridge, Massachusetts 


Vent-Rite Controlled-Venting Radiator Valves . . . Vent-Rite 
No. 66 Control Valves • . . Vent-Rite Balancer . . . Vent-Rite Unit 
Heater Valve. Originators of “Balanced Radiation by Controlled 
Venting,” “The Vent-Vac Method” and “Vacuum Limitation.” 


THE VENT- VAC METHOD 

The Vent-Vac Method provides more even room temperatures. This is accomplished 
by continuing the distribution of steam between firing periods. The steam is available 
through the use of heat left in the boiler, and it is distributed to the points of greatest 
heat loss. To insure fast, uniform distribution of steam during the firing periods, it 
breaks the vacuum used between firing periods for this purpose. This “breaking*’ of 
the vacuum occurs as soon as firing starts, restoring the system to atmospheric pressure. 
Vent-Rite Vacuum Valves, and a Vent-Rite Control Unit are used. The system is 
simple, economical, and amazingly effective. Vent-Rite Control Units not only create 
vacuum in the system between firing periods, but also limit the amount ot vacuum that 
can be created to the point beyond which the distribution of excessively expanded va[)or 
would be inefficient. This is another feature developed and i)ionecrcd liy \'ent-Rite 
and offered only in Vent-Rite Units. 



No, 6G 


VENT-RITE CONTROL VALVES 

Vent-Rite Control Valve No. Od is the heart of the \’ent- 
Vac Method of steam control for automatically-fired, one- 
pipe systems. It takes the place of a main line vent, limits 
the amount of vacuum created and breaks the vacuum at 
the beginning of the firing period. It is entirely mechanical. 
With the \'*ent-Vac Method, using a No. dd C'ontrol \'alv(s 
a system is “Vacuum” between Firing periods, “Non- 
Vacuum” during Firing, combining the best of lioih 
systems, assuring “Balanced Radiation.” 


The Vent-Rite Line includes Nos. 1, 51, 3, 5A and 55 (Non-Vacuum); 2, d2, 4, dA, dd, 
68 and the Balancer (Vacuum). 


VENT-RITE RADIATOR VALVES 

Vent-Rite Controlled-Venting Radiator Valves are made in 
wide variety of types, sizes, outlets, and venting capaci- 
ties. Both Vacuum and Non-\*acuum. All are noiseless 
in operation, positive in action, close thermostatically 
under temperature. They may be taken apart for exami- 
nation and cleaning. Venting is through an adequate 
straight-line venting orifice, accurately set by a newly 
designed incqnspicious stream-lined Adjusting Disc. For 
1942 Vent-Rite also offers a new Siphon Tongue for use 
especially with small-tube radiation. 
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The Dole Valve Company 

Mtfn offioM and Parimyi 1001-1941 Carroll Avcnuc, Chicago, 111. 


TIIE ALL STAR LINK 


AIR AND VACUUM VALVES 


SclcrtinK (Ik* fiKlil forn imrtk'ulnr imnioMe im j’ounimiunitire of Ihc utmobt eflirtvncy 
aiul croiioiiiy tniiii oiii.* piiw Htniin hmling aj-atcnui. The Dole line coven e\cr> vent iiig 
nccfl anil oflen a coiuplcle choice for erer>' puriMwc. 

DotoNalAVari- Vent Air Valve Dole No. IB Varl-Vent jSk 

P"' * ^ MiKlern gaa, oil or Hiol«>r | !■ 

■ fiml one pi|K‘ Mtmiiii H\-b- BaUinivii the flow of Hteain to I , ■ 

■ teiiiHnv|uin>gi>U'Kvenl- «»nvecton, either cart iron or I ,1 

■ iiig. Thin niilLuor \iilve nnjjaT, of automat ieal- I J| 

B leti.airuwa|N>twic«>aafaat ly nnil H>'rteniK. 

- *w onliiiary valvet. and ■ ■ 

luLiiiceHtheflim ofrtestm „ . f ■ 

IP*■I a at the flnt "hrenth" of .Vent Kloat Valve I ■ ■■ 

a lioiler pnnwin. Ailjuat- \«i»t*;imin8aiidB|awl» f ■ g 

M .iltle \ ari- vent Umt tire Kelt, flow ol rte.im to niilui- Ir B 

airoutoflhoHe*'far.iway" aton. of ntitonuitically 
niclintora lut (|uh*kly aH tlitihf Hcim* to tlio Kxtrsi 

Ixnk^re \c*iittnK |K>rt. (Jl 



l>ol« No. S Air Valvr 
Wiith r«i(li«itiirH of hatul 
iiffsl };ra\itv btiMiii htNii* 

tUK hVHUMIIH. I hmhU* hht*ll 

coiihtrurtioii |iro\i<lpK 
M*|uir.it4* iwihH.iK«i4 fin iiii 
iIikI <*oii<U«itti.iti«iii pMra 
Urxp lUwit ilvicath hpUtiiiK 
or a.itpr UsikaK«». (*0111 
pU*i«« viMturcMl at 

i»r<*Hbar«K up to Ul Ilia, 


t>oI« No. iii Varl-\>nc 
Vacuum Valve 

■ AdiubtahU* rafliaior 

■ \ al\ c tor '* \ acttUtni/inK'* 

■ anil liitlaiirlttu KtaxOv 

■ HtiMiii luMitaa M'McntH. 
Patcniml thiU* ItclloaH 
^arittiiii mmI Im'kb imt 
air alt IT it Imh Ikhmi imhv 

" " n tniiii the HVH* 

H tent. Rihitv ailitiHinl 

" \aii \i*iti l<Mturi* aHHiMiii 

in e«|ttiili/inK MtMiit Him m all i,uti.itorK. 




Dote No. 19U Air Valve 

iviMt \ahrliir icnttna 
rinluiiiffb iH fiml 

9*>*iiniib, Liritf* Him! |mi> 
vifirH a biMl aaainia ritn> 
lictiMCiofi iiminit Minttinit. 


Dole No. IB Varl-Vent 
Air Valve 

Iialan(*eH the flow of Hteaiu to 
4*otivcH*ton<, either niMt iron or 
comHT, of automat icnl- 
ly nrt*(l H>titcMnK. 

Dole No. 1C Quick 
Vent Float Valve I ■ 
VMitKniainHaiiflH|a*eclK I 
flow ol HtcMUi to nalia- § 
aton* of atitomalically viaJv 
fiml K>HtciiiH. Kxtni 
Inrac \c*ntina |Kirt. Kip 

Dole No. 5 Quick Vent 
Kloat Valve 

Vtnits Mtniiii maiimon haail IiichI 
H>*MttMtm. Poaitiw mmI ait«iinht 
water. 

Dole No. 4 Quick 

Vent Valve jB 

For ipiirk \tMitiiiK JBuhmJIB 
tiieiiitK tluit end IK 
in. or ntore .dH*\t» 
the Imiler watei’ BMp 

Dole No. 105 Vacuum Valve 
For \eatmK c*(Ki\(TtorH. ivtliaK 
radiatf»rh and (*oiiH of **\'ac*u- 
iinii/«*tl*' Kraviiy hteiiiin JUk 
HVktiTnH. ^ 

Dole No. 6B I M 
Vacuum Valve i H 

VentH the maiith ol Ku^B 
'‘vatMiuini/efl" one 
bttMiii HVMtenw. I*re 
the return of air. 

I'linteH aatiiiiht water. r 

Dole No. 14 Key Valve 
laiw iTwt \eiitinK 
ihwkv for «i«i' 

••ealed fiidiatorh 1 

aiifl ciaivtvtorM ol ff 

hia water hiMtltiK m 

H>Hieitui. Prirteetb K j 

luael tremth tioiii 

rtiMtv water atain. ^SB^^ 



Write The IhiU* VaUe ( iimiMiiy lor eianplrte eatalmt atul luadv selivtor ekirt 
indieateb the Pole .\h ih V.M*utiin \al\e naiM HUtUnl lor a (laitieiilar nml. 
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Jenkins Bros. 

BRONZE - IRON - STEEL VALVES 

Mechanical Rubber Goods 

so White St., New York, N. Y.; 524 Atlantic St., Boston, Mass ; 376 Sprini* St., N. W., A ilan i a, c; v ; 
133 N Seventh St., Philadelphia, Pa.; 1514 Fulton St., Ciiicac.o, III.; 

1112 Walnut St., Houston, Tex- 
Bridgeport, Conn. (Office and Factory) 

Jenkins Bros., Ltd.: Montre.vl; Factory, L^criivii, Canadv • London, Kn(.. 


IN VALVES 


" GIVES YOU EVERYTHING 


Ftg m Ftg. 106A Fig. 6iS 

Bronze Regrind- Bronze Globe, Iron Body 

■ing Stoing Check Renewable Comp Disc Regrinding Globe 



Fig. 310 Fig. 

Bronze Gate Iron Body Gate 


Fig. aSi 

Iron Body Hrgrind- 
ing Swing ('htrk 






OVER 500 DIFFERENT JENKINS VALVES 
COVER EVERY HEATING AND AIR CONDITIONING NEED 


To adequately describe the complete Jenkins line of valves requires a C^ataloj^ 
of more than 400 pages. There are over 500 different types and patterns of 
valves that bear the trusted “Diamond” trade mark. Practically speaking, 
Jenkins can furnish any valve that you may require for plumbing, heating, 
.air conditioning, general industrial or engineering service. 


General Classifications of Jenkins 
Valves Include — Bronze Valves fitted 
with Jenkins renewable composition disc. 
Bronze Regrind-Renew Valves with bevel 
and plug type seats. Bronze Gate Valves. 
Iron Body Valves fitted with Jenkins 
renewable composition disc. Iron Body 
Regrinding Valves. Iron Body Gate 
Valves with solid wedge and double disc 
parallel seats. All-Iron Valves. Cast 
Steel Gate, Globe and Swing Check 


Valves. Electrically and Hydraulically 
Operated Valves, Radiator Valves. E^'ire 
Line Valves. Quick-opening an<l Self- 
closing Valves, Needle Valves, Y Valves, 
Solder-End Valves, Stainless Steel Valves. 

Other Jenkins Products Are — 
Colored Valve Wheels with or without 
service markings molded in relief letters. 
Composition Valve Discs exactly suited to 
service conditions. Sheet Packing. Gas- 
kets. Moncrieff Scotch Gage Glasses. 


JENKINS VALVES ARE SOLD BY GOOD SUPPLY HOUSEwS EVERYWHERE 
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Arthur Harris & Go. 

210-218 N. AlK'rdi‘i‘n Street Chicago, UK 

RNOINEERS - FABRICATORS OP NON- 
FERROUS METALS AND STAINLESS STEEL 

Metals Fabricated Aluiiiinutn, Hlock Tin, liniMi, Hron/c, (\ippcr. K\onIiir, Monel, 
Nickel, Inc'oiicl, S(.iinU>iis StM ami Kj\2 SMO. Hullelin on ruc|urat. 


Coils 

For hcsit ins, coolinK uml nmclenh- 
itx^. All uliaiwa inmle fniin any si/c 
{HIMi or tulie-stancLinl <ir siK^nal 
connect inns, of coi>()er, bmiw, aliiini- 
num, Htainim steel, KA2 SMO, 
itiom*l, inconel, nic'M, block tin, 
ami Evenlur. 


Metal Floats 

• # s 

tfi 4 tH\ 4 tn 4 sual IVi// t viinJuntl ( 'Wi m/W At/ 

Made of ci»|»fK*r. plain Ht(H*l, stainlesh mH, KA2 SMO, «iluiniiiunii brahs, Monel, pun* 
nicki*!. Adniiraio ami Kvenitir, tjir t||N*it tank ami all |in*i«sun*K. 

S(Miiile*« (HiiiiHT IniII tkiiitH carrinl in stirk in <liiiitu*terHol S in.. I in., 5 In., S in., 7 in., 
S in., 1(1 ill., 12 in. bir o|Nfi tank timl pn«sHtin*H ol 25, .5(1, KMl amt 15(1 lb. Klii,i(s in 
Hperi*il hi/4*s ami tin*shttn*h imide f n onler. .Staint4*tw sIih*! kill (IcKits 2 ( « in to 12 in. for 
hiah oremiurc* ami ntmiHkni eam'iil in Httn-k Hiaruil titaiiikiw ht(*el flcKits niiide tc» onler 
stamlcHH Mie(*l kilt laix«*r than 12 in. iliiimeter can lie niiule up K|ierially. b'liKit 
cataloK Meiit on retpieNt 




Copper Expansion Joints 

For lim preshttre ami \ac‘iMitn. 
Made in two »»cvtt*N ami 

nmnive. St/es 4 in. to tUt in, rlianu** 
ter. (*aHt iron or Mei*l llanK^*^* 
FkiiiKeH drilleit to .\im*ric*aii mamb 
ant uiileMi ot hei » i 4* iiidereil : H 21Kt 
available oiilv in 1 in. to 15 in. 
inelusive. 






/I.W I imnirr 





/X 

We imike ImiuK in every .^liaiwt from all ta^enof <*op|ier «.iter tuk*, i»i]te and tubinu.ii* 
ro|»fier, lira«n, altiiiiiiitiin. utaiiileiiM st«*t*l. imsiet, tin and iiieUel, SiandanI or ^tMidal 
(Viiiieetasis. V liriid'« l«a ntmaise neater he.itm. 

Ainu s|iei*ial pilie viork IcH' iiidtt!Uri.d itiMall.it itinn, |tlniiibitia< lieatitiK and bie«mv,. 
IVrforateil pi|ie, double |»i|tr enolerH, i*te. 

Non-Ferrous (SMtltids *'I»air\uttiie” iikiel siker lor ImtiiMries iM|uip 

im*nt. Suitalile lor ttitlk ami UitMl pnelm*tH imu'lititerv < ahtiiiKH al*to oi SS 1(1 2 
HlbltMtl, b5>5 .*i •* ami >)«e«i.il ii»\tiin*s. Maitv |iatti*fii«i .ivailatile «ilhoul < liarj^e. 


I(lh7 



Heating Systems 


Copper Tubes and Fittings 
Copper and Brass Pipe 


The American Brass Company 

General Offices: Waterbury, Conn. 

Manufacturing Plants: 

Ansontia, Conk. Torrincton, Conn. Waterburv, Conn. Ri<'ffalo N. Y 
Detroit, Mich. Kenosha, Wis. 

Offices and Agencies in Principal Cities 



CANADIAN PLANT: Anaconda American Brass Limited, New Toronto, OnLirio 


PRODUCTS— -Anaconda Deoxidized Copper Tubes and Fittinj^s; Anaconda 
“85’’ Red-Brass Pipe; Everdur Metal for storage heaters, storage 
tanks, ducts and air conditioning equipment 


ANACONDA COPPER TUBES AND 
FITTINGS 

For Heating, Plumbing and 
Air Conditioning 

Anaconda Deoxidized Copper Water 
Tubes assembled with Anaconda Fittings 
offer an unusual combination of advan- 
tages in hot water heating systems at a 
cost only slightly higher than black iron 
and approximately the same as wrought 
iron pipe. These advantages may briefly 
be summarized as follows: 

Low Friction Loss — Because the inside 
surfaces of copper tubes are inherently 
smoother than those of pipe and tubes 
made of ferrous materials and also because 
they do not become roughened by the 
formation of rust, these tubes offer a 
minimum resistance to flow In addition, 
the long radius turns of Anaconda Elbows 
and the smooth inside surface of Anaconda 
Wrought Copper Fittings further reduce 
friction losses. 

These factors naturally increase the 
efficiency of the system, particularly when 
it includes a forced pressure circulator. 

Ease of Installation — In many places 
the flexibility of copper tubes simplifies 
connections that ordinarily would be awk- 
ward and expensive to make with rigid 
pipe and threaded fittings. Anaconda 
Solder Fittings are compact. They can 
be installed in constricted space where the 
use of a wrench would be impossible. 

Architects and builders naturally object 
to large holes and notches cut in the 


framing members of a building for the 
passage of fjiping. Anaconda (?opper 
Tubes can be installal with a minimum of 
cutting in the structure, although holes 
should be large enough to permit move- 
ment of tubes due to exi>ansion and 
contraction. 

Appearance Anaconda Deoxidized 
Copper Water Tubes assembled with 
Anaconda Sokler Fittings present an at- 
tractive appciirance. It is a frt*qut‘nt 
practice to clean the tubes after they are 
installed and apply a coat of clear lac<(uer 
or similar substance. This keeps t he t uhes 
bright and makes an installation of which 
both plumber and owner can be proud. 

Temper and Gauges - Anaconda ('op- 
per Tubes are made in both hard and soft 
temper and in standard wall thicknesses. 

They meet the reiiuirements for these 
types of tubes in U. S. Government Siieci- 
fication WW-T-799 and A.S.T.M. Speci- 
fication B-S8-41. Ty|)e K, the heaviest, 
is recommended for heating lines ancl 
general piping. 

Accuracy of Dimensions Anaconda 
Deoxidized Copper Water Tubes are all 
finished to the close tolerances requireil by 
the A.S.T.M. and Federal Specifications, 
which have been found essential for 
efficient assembly with stilder fittings. 

Permanent Identification For jier- 
manent identification, the name “Ana- 
conda” and the letter designating the tyjie 
of tube is stamped in the metal at intervals 
of approximately IS in., throughout cverv 
coil or straight length of tube. 
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Copper Tubes and Fit fin/fa 
Copper and Brass Ptpe 


The American 

Availability Anaconda Copix?r Tubes, 
in all stanclarti si/cs, arc carried in stock by 
distributors oi Anaconda I*ipe, located in 
the principal tra^linj; areas of the c'ountry. 
These tubes, in sizes up to and including 
1 !.i in. are furnished soft in 30, ami 
coils; also hard and soft in 20-ft straight 
lengths. Sizes over P j in. are furnishe<l, 
hard or soft, in straight lengths only. 

ANACONDA “85” RED BRASS PIPE 

Anaconda “85” Ktsl Brass Pipe, in 
standard pipe sizes, is o{lere<I as t he highest 
quality corrosion-resistant pijH* cnninierci- 
ally obtainable at a nwulerate price ami is 
recofuniendtHi for steam return lines. 

Anaconda “H5” Bed Brass Pipe cont.iins 
S5 per cent copju*r ami conforms to govern- 
ment stwcificatioiw for <»ra<le “A** water 
pijKJ. 'I'he words “Anactmda S5” are 
stamped in the metal at one bsit intervals 
through<mt eatdi knigth. 

EVERinm* 

For many sears the efforts ot metal- 
lurgists have fu*en directed to tlnding some 
element <»r elemertts which, wheti added to 
coiqHT wtnild all<A’ uith it to jtrmiuce a 
metal with strength a|)projtching that of 
steel and, at the s.tme time, retain or 
augment the non-nisting and C(»frositm- 
resistant i)rt»|H'fties ot ctipivr. 

The addition of silhon and manganese* 
tocopfH»r, when their proport it ms are prt^p* 
erly adjusttHl, pnsluces coptmr rich alloys 
of the solhl Holutitm tyfH* which attain the 
(Uwiretl ol)}cctive tt» a remarkable degrtv, 
('opper-silicon allttvs, matleaml mild by The 
American Brass <'om|».iny umler its trade* 
mark “Kverdtir,” were the first com> 
mercial applications oi eopinT confaintng 
sulistantial protnirtions «m silictm, ami 
mark a dwidetl advatice in the metallurgy 
of c<>p{H*r alto\s. 

In atidition to their mm rusting projier- 
ties ami high strength, Kserdttr *tllovs 
(KHtsess many tpialities not usually found 
m metals ol this character. They are 
unustmlly resistaiu to general atmospheric 
comiititms amt other norntallv corrostyc 
factors. Kverdiir alloys have excellent 
iimrhining and titirking characteristics and 
can !«* fatiricaled initi a variety of forms 
iiml shaiies. They also weld readily !ty 
any of the commercial melhisis. 


•’*Kvrfilur“ In <( tfatlritidrk *4 Dir .\ftisiiCMn 
BruM i'timpHny rcsoirrH aI tlir t^ S. Patent 
t)tncr. 


Brass Company 

CORROSION RESISTANCE 

The corrosicjii resisStunce of Kverdur is 
e<|ual to that of pure copper and in some 
ciuses, slightly superior. 

However, like copper and all copper 
alloys, Kverdur is not ctiually resistant to 
all corroding agents, nor to the same cor- 
roding agents under all conditions. As 
with c.oj)per, the resistance to corrosion 
may l>e substantially reduce I in some 
instances by the presence of oxklizing 
agents. Nevertheless, Kverdur docs olTer 
excellent resistance to the corrosive action 
of many solutions ami atmospheres, 

Everdur Tanks Kverdur r<>i)per-sili- 
con .alloy is an ideal material for (lurable, 
rustless water tanks of every ilescription - 
from domest ic range boilers to large storage 
heitters for hotels, laundries, hospitals, 
textile plants, schools or breweries. 

Kvenluf is made in all commercial sha|x»H 
including tank platt^s whicit have physical 
properties as given in A,.S.T.M. Tentative 
S|H*cirir.it ion IF.Ml-d I T, 

Minimum specification requirements bir 
hot rolIe<t and annealed tank plates are: 
Temsile Strength, filMKH) psi.; Yield 
Strength (at 0,5 per cent elongathm umler 
load) IS.tKK) |»si,; ICIongation, 40 |wr cent 
in 2 inches, 

Sfiuml, double wehleil butt joints made 
on annealed Kverdur tank plates have a 
titinimum tensile strength <»f 47,5(K) psi. 
and single welded Initt joints have .i 
minimum tensile strength of 42,5tK) psi. 
after the IhmcIs have betm removetl, 

For additional tiata and names of fabri- 
cators atidress our m*afesl olVice or agency. 


EVERDUR FOR AIR CONDITIONiNf; 

EQUIPMENT 

Biraum* of its strength ami welding 
proixTiitx, Kverdur may U* substitutefl 
lor stet'l .iml fabricated f»y substantially 
the Sitnie methtslH and with the sjime 
equipment as steel. 

Kverdur metal has U^en used with 
itutrked success for fans and blowers, tiucts. 
humidifiers, cast ami wrought parts td 
other e()uipment items subjivt tocorrttsive 
itifluentH*s. 


EVERDUR KITKKATURE 

t>escripttve literature containing much 
liertinent tabular data will tie sent U|sm 
re(|uest. 



Heating Systems • Pipe and Tube 



Wolverine Tube Company 

1411 Central Avenue, Detroit, Michigan 
SEAMLESS TUBE 
COPPER - BRASS - ALUMINUM 


Sales 


Atlanta, Ga 

J Baltimore, Md 

’’’Boston (Cambndge), Mass 

Buffalo, N. Y 

^Chicago, III 

’^Chicago, III 

Cleveland, Ohio — 

^Dallas, Texas._ 

Dayton, Ohio 

Denver, Colo 

*Long Island City, N. Y 

Los Angeles, Calif 

Louisville, Ky 

Milwaukee, Wis 


542 Spring St. 

121 S. Gay St. 

195 Albany St. 

.... 416 Jackson Bldg. 
. . 1632 W. Lake St. 
3348 S. Pulaski Road 
... ..1740 East 12th St 

2813 Canton St. 

Route No. 9 

3345 Steele St. 

47-31 31st Place 

1015 East 16th St. 

510 W. Main St 

... 647 W. Virginia St. 


Offices: 

^Minneapolis, Minn. 
♦Newark, N. J. . . 

New York, N. Y. . 
♦Philadelphia, Pa. . 
♦Pittsburgh, Pa . . . 
Portland, Ore _ . . 

Richmond, Va 

St. Louis, Mo .... 

San Francisco, Calif.. 
Seattle, Wash... 

Washington, D. C 

Winnipeg, Man... 


100 N Second St. 
34 Provid(‘iic(‘ St. 
420 Lexington .\ve 
351 Noith I7th St. 
1000 Calitornia, N.S. 
524 N.W. 1 Ith Ave. 
Mutual Bldg. 
4565 McRee .\ve. 
7 Fr<.)nt St. 
1005 E. Pike St. 

1108 16th St. 
SO Lombard St. 


EXPORT; Rocke International Electric Corp , 
100 Varick St , New V'ork, N. V. 


♦Warehouse Stock 


COPPER WATER TUBE 



TYPE K — Recommended for Air Con- 
ditioning, Refrigeration, Oil Burner, and 
Plumbing and Heating installations. 

TYPE L — For Oil Burner, Air Con- 
ditioning, Refrigeration and general plumb- 
ing uses. 

TYPE M — Suitable for Air Condition- 
ing and Refrigeration installations and for 
interior plumbing and heating purposes. 

Types K and L furnished in hard or soft 
temper; Type M, hard only. 

Wolverine Water Tube is made accord- 
ing to U. S. Government and A.S.T.M. 
specifications. For a complete list of these 
data, write Detroit for Form 575. 

REFRIGERATION TUBE 

Wolverine refrigeration tube has long 
been the standard of the industry. De- 
hydrated, sealed, paper- wrapped; uniform 
soft temper and moisture content well 
below minimum specified by A.S.R.E. 
Available from stock in standard coils. 


ACCUMULATOR SHELLS 



A new accumulator shell developed b\' 
Wolverine and produced to custoniers' 
specifications in a variety of shapes and 
sizes up to 3H hi. diameter. 

It combines many advantages including 
one-piece construction and is especially 
adaptable to refrigeration problems. Send 
your blueprints or inciuiries to Detroit. 

WROUGHT FITTINGS 

Wolverine-Nibco Solder Fittings are of 
the straight-line design ends not e,\- 
panded. They make strong, neat joints; 
give trouble-free service, and longer life. 
A complete range of sixes is available. 
Write to Detroit or your nearest warehouse 
for Catalog D. 


Cl 

- 



The experience of 25 years of seamless tube manufacture^ the use of the latest 
equipment, and adherence to Government and customer specifications^ are 
responsible for the uniform, high quality of Wolverine products. 
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INSULATION 

Many different materials are used for insulating purposes — in their natural 
state or processed and fabricated into various forms. They include: Vege- 
table fibers, wood, tree bark, cork — processed into wools or other fibrous 
forms, and used in loose bulk or fabricated into boards, paper, blankets or 
batts. Natural wools, jute, hair — felted into blankets, pads, mats, etc., or 
used in loose bulk forms. Class in block, sheet, or wool forms. 

Mineral products such as natural rocks and furnace slags — processed into 
granulated form, or into wool form and used in loose bulk or fabricated into 
blankets, batts, or pads; and asbestos, asphalt, gypsum and magnesia — used 
in board form, blankets, felts, or in loose bulk. Many of these types of 
insulation arc also used in plastic form. Metallic insulation, such as aluminum 
and steel are fabricated into sheet form and used separately or in conjunction 
with other insulating materials. 

INSULATION, Building (p. 1092-1116) 

Alumintim sheets, paper in sheets and fabricated forms, felts, cork, glass, glass and 
rock wools, cane fibre boards, wood products in board form and fibrous blankets and 
pads, or used in loose fibre form — all are utillxcd as insulation against heat or cold. 

Technical data on this type of insulation will be found in Chapter 4. 

Insulating materials, in board or slab form are adapted for use in walls as a plastic 
base, and thus serve as both a heat or cold insulation and a firc-rotarding material. 

INSULATION, Sound Deadening (p. 1092-1116) 

Many of the insulating materials utilized in building construction are also suitable 
for sound dcaderiing or acoustical control. Some of them arc also adapted for use 
on machinery and in building to counteract or absorb vibration. 

Technical data on Sound Control will be found in Chapter 33. 

INSULATION, Underground Ip. 1097, 1117-1119) 

Asbestos, asphalt, mineral wools, magnesia— used in conjunction with underground 
piping and conduits of concrete, tile or cast iron. 

Technical data is contained in Chapter 43. 

INSULATION, Pipes and Surfaces ip. 1092-1119) 

Asbestos, magnesia, and mineral wools in loose fibrous forms, blankets, or in plastic 
forms and suitable for use in extremes of high or low temperature service; also hair 
and felts, and cork in loose bulk or in molded or plastic forms. 

Technical data will be found in Chapter 43. 

Some of these insulating materials are also used as refractory materials. 

INSULATION, Duct (p. 1092-11141 

Various of the insulating materials which may be fabricated into board or slab forms, 
and various felts and fibrous materials have been adapted for use as duct insulation— 
as a duct liner or applied to the outer surfaces. Some have been utilized to construct 
the walls of the duct itself, serving the dual purpose of duct and insulation. 

Technical data ts contained in Chapter 43. 

INSULATION, Window (p. 1120-1123) 

Siftgle^pane and double pane insulating window sash, metal fabric insulating window 
screens, weather stripping for windows and for interior and exterior doors. 

Mtinulavtur(«r*«t •»hnwn In fhH ilUUion art' U>t ittH'tHU' 

thr tmtrs to t'.t^tilpmt'ni t«»f prtuhu C't of ihvM' timnutUK rurvrti. 

\m\ 



Insulation 


Aluminum Aircell Insulation Co. 

Curtis Bldg., Detroit, Mich. 


INSULATION FOR: 

Air Conditioning 
Furnaces 
Stoves 
Ovens 

Bus Motor Insulation 
Any High Temperature 
Insulation 



Licensed under Patents 
1 , 757 , 479 — 1 , 890 , 418 — 1 , 934,174 
others pending 


INSULATION FOR: 
Buses 

Hot Water Heaters 

Trailers and Trucks 

Homes 

Incubators 

Gold Storage Rooms 

Automobiles 


Asbestos 

REFLECT-O-CELL 

Asbestos Reflect-O-Cell is ideal where- 
ever^ a high temperature insulation is 
required. Reflects 95 per cent of radiant 
heat. Provides a moisture barrier as well 
as a heat barrier. Light in weight. Eco- 
nomical to use. Easily cut to size. Easy 
to apply. 


Furnished single-ply in 250 sq ft rolls, 
36 in. wide. 

Furnished 2-ply in 3 ft x 6 ft panels. 
Also Cut to Your Specifications. 


Standard 

REFLECT-O-CELL 

REFLECT-O-CELL is the modern in- 
sulating material based on the famous 
Dewar Principle of insulation, the out- 
standing example of which is the efficient 
Thermos Bottle. 

The Structure of Reflect-O-Cell per- 
mits both surfaces of the foil to reflect 
radiant heat. 

Moisture Sealing, which effectively 
reduces summer dehuniidifying load and 
winter humidifying requirements by pre- 
venting vapor pressure losses. 

Especially Indicated for e.xposecl ap- 
plication to eliminate air-conditioning 
shock and to reduce cooling load. 


K. FACTOR—M/f 



Furnished: 400 scj ft per roll 17 in. 
wide; 500 sq ft per roll— 24, 36, 4H in. 
wide. 





Made with composition foil, testing fully equal to aluminum. 
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Imvdalion 


Armstrong Cork Company 

Building Materials Division 

Lancaster, Pennsylvania 


Aldani 

Atlinta 

BAUnMOKR 

BlBUlNtillAU 

Bohton 

Buwau) 

(InAHLMTTK 

rniCAuo 


ClM'INNATl 

('LHVKLVNII 

('tiLUMnrh 

Dallih 

Dkstkb 

DKH SloiMCh 

Durwiir 

lUmtmts 


OfAcoft 
India NAPuiim 

JacKMINVIXiLK 
Kanhah (*m 
1j(m Anoihaw 
L dl IhTILLH 
Mkmpiiih 
M lbWAlIKKH 
MiN.SM\P(1UM 


Nxw Orlkank 
Nm^ \oi(R 
OllAIlA 

PlIIL\DKLPlllA 

KlIIIMONli 

KtNIINKTKK 

Hr. Iam'M 


Kin Fh.ani'im'o 
HKA mK 

WimiiNOTtiN, !>.('. 

In Canada 
MriNTKKAli, (jt K. 
TfiKOMvi, Ont. 
WiNNipmi, Min. 


Distributorg 


Appliwjn, WWh 

NdrthwfHtfni AHlN'Htt'H nml (Nirk Inmilatuni ('n. 
Bdum. Idaro Upilly .VtkiiMim rimI (Si. 

(’iiviibKHniN, VV. Va. Cuiiitol (16 Ku|nil> (SimiMiny 
Dhnvhr, (Siui. HtiwDM-KiiiitPr Manuioptunnn ('<mi|nii>* 
Kill ('tiiiKK, \\ ih. nDr<<l-(}4*(irKi> ( Simiuny 

KtamitiUiK, Ind., The (Iciimil .Vplmitift anti liMiilatviu Cn. 
Foar \Va) nk, Ind. ApU>i<tcAi A AHiihalt ISHuluptn (Si. 
<}LHND.\LM, N. . . (*haritii M. Tngahn 

(Iband llAPiiih, Midi. Tiiiiv ItntiiiliurR luHiilnlitin (Si. 
J.\iiKKniRN, N. S . , ladi Umtllnff A .Xitlinitiw (Sitniuny 
JopUNi Mil. Jii|illii ( S'RM'nt ( Simtaii)* 

lifTTiAi Kin'Iii Ark. Kthchtt (Snwiit A lliiitlinR (Sini|«ui> 


MANmiWIM'f Wbt., 

NiirUiw.'Mli'rn Anlii'Htia umI (Sak IiMulatmn (Si. 


Nhw Orlkami, U. 

ISlRTUNU, OrKMIN . . 

Fri»vi»kni‘K, H. 1. . 
Kan A.NTtiNio, Tkx. 
Kkattlx, Wakii. 
Kiiimi Hknd, Ind. 
KpiikANK, Wadii. 
KpiiiNaptHMi. Mahm. 
KPRINttPlKU), Mo. 
TAtilVA, WAhil. 

Tkrrr IIai'tk, Ind. 
Tl‘bHl, OkfiA. 


H.T.Ktpffpc 
.iHiNwtfM Kulinty (Siminay 
KhiRlp bdanl (SivpnnK (SMupaqy 
(kmi'nU Ku|i|ily (Siminuiy, Inr. 
.\Mli(V(ttM Kupply (SuniKitiy 
AMlmitiM A Aniihall raidurtii (Si. 

ANlntitiM Kuiiply (SiintiMy 
. . JiihMim .VrIi^m (Simtniny 
Koiithw.iitprn ImutaiioB (Siminny 
. .\MlMiitiM Stiiiply (Stmiintiy 
Tlip llartiuuiB (Siminny 
Kplipy .\n)R>Nt(a {*rii(I»ptii (SimiaHy 


I«Sir clotaildi tiH'linitMl ititoniiaiion. Mniiilfs anti flmYliitlvf* Htprutiitf, a*tk any iinu‘P or tliHtriliiitor. 
('iimiilftc MPiMlicMtifinh apiMiir in S>Aii-tS (’.ttaloKtiiir .Sicliitirth ami im KnKinifH .uul ('nntnirtoTH. 


PROI)U<n\S ArmstronA^s <k>rkboaFd, Cork (k>vorinf(, VIbracork, Corkoustlc, 
Cuahiontone, Tcmlok, Insulation Sundries. 


Corkboard 


lii 8 ulatinj( Efficiency 


'rhi* t luTtiud conduct ivil y < if Arm».( ronu’ti 
Corklxmnl is 0.27 JItu iM*r hour, |M*rdc- 
gnn* tcxn|H*niturc, per inch (hickncKs sU 
00 K iitmn t<»ntp(*ruturc. 


Armiitr(>na*ii CorkhtNurd ccmfnrfHH in all 
detaUs to Fedml Specification IIlil*C^.*lbfa, 
Marcii e, 19A9 


'Flic value of adintuate and eOtcient insu- 
lation is covered in Chapter >1 of this hcKik 
and tin* tables <>ii iKiKcsOSto IlOindicitta 
the savings which can \w elTecttsl by using 
l]i in, or 2 in. of corklsKird in standanl 
wall and roof coiihtriwtion. 


For air condithniing wetrk tisi* I in., 
lia in., or 2 in. corklKbird insul.it hm on 
ducts, fans, dehttiuiditti*rs, and situUar 
ispiipinent. iCnrt (NirklsKird in hot asph,itt 
and tie with wdri*s or lainds 0 in. on ('<*nt«*rH 
or m*ct with Armstrong's Cnnents, using 
tk*s as aUfve. 


Sisea and ThicknetMum 

Armstrong's CorklNiiinl Is furnishtsl in 
rigid btttinls 12 in. x 20 in., iK in. x ^ttl in., 
and 24 in. x .*10 in,, in several thickiiesM*H: 
1 in., 1 >2 in., 2 in., >1 in., 4 in., and 0 in. 


I Cork Covering 

! Armstrong’s Cork Covering is made of 
(*ork iii Hi/(*s to fit al! standanl pi|)c 
sizes. ITie inBule Hurf,u*es of wicli i>iece are 
niiichimsl to assure an nccur.ite fit, free 
fnnn moist urc^ciitching air iMM*ki*ts. Cork 
covering is rigiil and will not sag. Thick- 
nwsstvare; Ic(f Water (1.20 in. to 1.93 in.); 
Brine (1.70 in. to 3.(K) in.); .tnd StKK^ial 
Thick Brims (2,«:i in. to 4.00 in,). 

Armstrong's Fitting Covers an* rigid and 
an* dmgiusl to fit accunttely all tyjK-s of 
standanl ammonia and extra hi'avy fit tings, 
srn*Wi*cl, flangts), and weldctj. 


Vibracork 


I .'Xriiihtroiig's Vibracork, in.ide hi ihnw 
de»siti(*H, is ichsd lor l(siM*ning vibration 
I transmissiiHi. It d(»*H not take a s(*t, is 
' not afi(*cietl liv atmospluTk* moist an*, and 
will not deterionite under iistuil servuv, 


‘ EniUneerlnA Service 

For aid in the Holttfion of any tirhnical 
prolileiiiM involving itmiilation, istdatioii, 
or acoustical tnnitimmt, and for literature 
ami |Hriet*s. get in touch svith an Ariiistroug 
I dharict oftia* or distributor or the Arm- 
stn»ng Cork Cointainv, Building .Matmals 
\ Division, laincaster, Fa. 


um 




Insulation 


The Philip Carey Company 

Manufacturers of Heat Insulation and Asbestos Products 


Lockland 


Atlanta, Ga 
Baltimore, Md. 
Boston, Mass. 
Buffalo, N. Y. 
Charlotte, N C. 
Chattanooga, Tenn. 
Chicago, III. 



Cincinnati, Ohio 


Cincinnati, Ohio 
Cleveland, Ohio 
Columbus. Ohio 
Dallas, Tex. 
Dayton, Ohio 
Denver, Colo. 


Detroit, Mich. 
Indianapolis, Ind. 
Kansas City, Mo. 
Los Angeles, Cal. 
Louisville, Ky. 
Minneapolis, Minn. 


New York, N.Y. 
Philadelphia, Pa. 
Pittsburgh, Pa. 
Richmond, Va. 

St. Louis, Mo. 
Seattle, Wash. 
Wheeling, W. Va. 



Standard 90 deg Elbow assembly. Left: Core opened to show 
duct vanes. Right: The completed fitting 



Two standard 90 deg Elbows nested in a larger standard 
section to form a tee. 



sections with core extended. 


Careyduct is a new prefabricated 
insulated duct built entirely of as- 
bestos. The double layer construc- 
tion consists of an inner core of hard, 
rigid asbestos, and the outer jacket 
is made of multiple layers of a fine 
corrugated asbestos structure. The 
combination results in great 
strength, is an excellent insulator, 
and has a definite sound deadening 
effect. 

Careyduct fittings are made from 
standard sections of duct, and may 
be made in the field with compara- 
tive ease by men without special 
training. A simple mitre cut plus a 
few standard accessories make a 
complete fitting thus keeping costs 
at a minimum. Prefabricated fit- 
tings may be ordered from the fac- 
tory if desired. 

The telescopic assembly method 
practically eliminates leaks that are 
commonly found in other construc- 
tion. 

The standard sizes of Careyduct 
are designed so that a combination 
of smaller sizes will exactly nest in a 
larger size. All tees and take-offs are 
a combination of ells and straight 
duct. 

Grilles and dampers are installed 
according to the accepted standard 
practice. Careyduct gives high in- 
sulating value. It materially reduces 
the transmission of extraneous and 
equipment noises. Careyduct costs 
decidedly less than properly insu- 
lated metal duct and compares very 
favorably with sheet metal duct of 
standard quality. 


For more detailed information write for Catalog and Erection Manual. 
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Insulation 


The r. ELDTEX r aRPaRATIDN 
919 N. Michigan Ave., Chicago, Illinois 

Celotex 

tllAND 

INSULATING CANE BOARD 

Mfa uba.nr.ufr 

woRLD’wS lar<;est manufacturer ok structural insulation 


Cclotex Cane Fibre Insulation pnxl- 
ucts are nmilc by felting the loii};, tou^h 
fibres of ImKaKsc into slnm^, riisid hoiinls. 
They arc inanufacturcfl under the Ferox 
Process tiwtentcd) which c(Tei'.tively j)n>- 
tccts them from destruction by termites, 
funffus growth, and <lry rot. They are 
intceniUy water-pr<Kif(id which insures a 
nondiyKroscoiMc insulation of low cupillar- 
itv and enclurinK inKiilntin^ eAlciency. 
They insulate; slix^nalhen construction; 
prevent conditions which hasten deteriora- 
tion ol Irame work. 

Gelotex Vapor-Seal Sheathin]i 

An insulatiuKi weather-n^histiiiK slunith- 
injj for use under any tyin* of exterior. 
Surlaci^K and ed)tes an^ m<Hstiire-pr(K»f»l 
with a surfacHs im()re(;nation of siiecinl 
astdmlt. 

Si/os: hi. thick: 4 ft wide: S ft, 

81^ ft, 11 ft, 1^2 ft. 10 ft and 12 ft lotiR. 

Clentcr Matched Available in the 
same thiokiu>ss, in 2 ft x S ft T iSi ( > units 
for hori/ontal appliciition. 

Gelotex Regular Roof Insulation 

A cane fibre prtxltiet possessinK; suiieriur 
insulating pro|H'rties. It prt>vt»nts con- 
tlenstUion; rtnluces roof heat transmission 
as shown by (HK*ffteients eatablishtHl in 
Tiik (vt'U)K; redU4*es natf movement due 
to contraction anti exiKinsitm. 

Sixe: 23 ill. x 47 in.; thickm^sses; 

hi., 1 in., t Jii in. and 2 in. 

Gelotex Vapor-seal Roof 
Insulation 

An im|>n)Vi*(l. riKid tyix! mt»isture n*- 
sistant cane fibn* lamril rtKil inmilation. 
Theriiml conductivity on i in. thickness as 
furnisht*d in (I.SKl Rtu and in prtiiMirtion 
for ot her ihickiunwtni. (Ttsttinl <»n all tsl^tM 
anti surfannt with water pnx)! asphalt. 
Mitde wdth a halt-inch olTsc^t tm all Isittom 
etiKCs, to form a network t>f channels next 
to the tleck, |)rc»\ idtiiK a means ol et|uali/- 
ing air pressure to rcHlitt*e rtsif blisters anti 
buckling. 

Sizes: 2«3 in. x 47 in.; thk*km*siK*H: 1 in., 
l^iiin. ami 2 in. 


Gelotex Vapor-seal Lath 

An Gflicient insulating plaster Ixise as- 
phalt ctxitcd on back so as to prevent the 
{)cnet ration of harmful moisture It) the 
sjxice lx>tween inner and outer walls. 
Inner surface provides a st nmg mechanical 
bond for plaster; the bevellcti ctlgcd, ship- 
iap|)cd jt>int8 pnivide additional rein- 
forcement where it is ncedctl to prcv*cnt 
cracking. Eliminates lath marks. 

Thicknesses rccommcntled: in. for 

walls (when used with Vaiior-scai Shcsith- 
iiig); 1 in. for top floor ceilinus. Size 
18 in. X 48 in. 

Gelotex R^ular Insula tinji Lath 

An insulating plaster base for ixirtition 
walls. Not tispnalt coatee!. Size: 18in. x 
48 in.; thicknesses: } i in. and I in. 

Gelotex Rock Wool Products 

Available in the following forms Loose, 
(»ranulat(^l. I^ain Batts, hiper-lxickcfl 
Batts, and Blankets, ('elotex Kock \V<x)l 
is made fnmt the clean filires of molten 
rock. It is incoinbustilde and integndly 
waterproofed. The I^iimr-hsicked pro- 
ducts are provided with a vaixir-resisting 
inembnitu*e which pnsvmits the |)enet ra- 
tion of moistuns. 

0-T Ductliner 

All acoustical iiuiterial di*sigiuHl cstHS- 
ciully for <lucl lining in air conditioning 
K>'Htems. AI)sorl>K duct iiois(*8. Mrnle of 
Rick wcxil ami n s|xvial binder. l)esignc<l 
to withstand air duct humidity conditions. 
Is fire nwHtant and will not smoulder or 
suj[>|K)rt nmibuHticin. Thernijii conduct- 
ivity^ of IClimiuates nm^ssity for 

outside tluet insulation. 

Thermal Structural Insulation 

A fire-resistant structural insulating 
slab made of long, tough wcssl shnsls 
which an* (*oitipletely ciuted with a fire- 
resistant (Tmeiit. It poHM^Hses structural 
strength, heat, sound iiihiilating and 
alMoqg ion proix*rt u*s. I Ised for uirt it Ions 
(plaster IsisiO rtsif dt*eks and mling (*f>n- 
struction. usc*d as a form liner, it can he 
U*ft in place for (dastcr basi*, eliminating 
neecl for furring, <»r it iiuiy tie left ex{X)St*<l 
for sound alstorption. 




Insulation 


Ehret Magnesia Manufacturing Co. 

Valley Forge, Pa. 



85% Magnesia Pipe Coverings 


A FULL RANGE OF INSULATIONS 
FOR HEATING AND VENTILATING 

The Ehret Company furnishes a broad 
range of thermal insulations for practically 
every industrial and architectural require- 
ment. For full details of Ehret products, 
see the Ehret Insulation Manual. 

Ehret’s 85 Per Cent Magnesia 
Known for nearly half a century in the 
industrial field, Ehret’s 85 per cent Mag- 
nesia Pipe Coverings and Blocks are 
efficient, economical and they last indefi- 
nitely. Pipe coverings are available in a 
full range of sizes and thicknesses, and 
blocks can be furnished in thicknesses up 
to 4 in. An ideal material for use on 
heated pipes or surfaces whose tempera- 
tures do not exceed 600 F. 

OTHER HEAT INSULATIONS 

In addition to 85% Magnesia insulation, 
the Ehret Company furnishes a full line 
of other heat insulating materials, in the 
forms of pipe coverings, flat and curved 
blocks, sheets, lagging, blankets, cements 
and loose fills. These materials include 
Enduro (high temperature), asbestos cellu- 
lar, asbestos sponge felt, mineral wool and 
many other products for use on heated 
pipes and surfaces. 

GOLD INSULATIONS 

Ehret insulations for use on cold pipes and 
surfaces are made in a variety of forms and 


materials Pipe coverings include cork, 
wool felt, frostproof and anti-sweat. 
Standard Hair Felt, Punched Hair Felt 
and Insulfelt, in roll form are used to in- 
sulate both curved and flat surfaces. 
Ehret’s Eroduct is a special material in 
34 in. thickness that is applied to air con- 
ditioning and cold air ducts. Cork blocks, 
sheets and discs, as well as granulated cork 
are also furnished. 


BUILDING INSULATIONS 

For insulating the walls, floors and ceilings 
of buildings, Ehret’s Heat Seal Wool is 
made in batts, strips, loose and granular 
forms. This material is high in insulating 
efficiency, is easy to install or apply and it 
will last indefinitely. Batts can be fur- 
nished with or without paper backing, as 
desired. 


OTHER EHRET PRODUCTS 

In addition to the insulations themselves, 
the Ehret Company can furnish insulation 
accessories such as water-proofing com- 
pounds, weathertight jackets, bands, wires, 
adhesives, sewing canvas, asbestos paper, 
wallboard and many other materials 
required for the application of insulations. 
Ehret packings and asbestos products as 
well as Durant Insulated Pipe (which is 
briefly described on the opposite page) are 
fully treated in the Ehret Insulation 
Manual. Write today for your copy of 
this 280 page handbook. 



Ehrel’s Beal-Seal Wool Building Insulations 
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Ehret Magnesia Manttfaciuring Co. 


Insulation 


I've d tn. bttuim lines nf 
Durant Insulated Pipt, Itetn/t 
installed one above the ttther 
in a narrow irent /i. 



EIIRET’wS DURANT INvSUUATED PIPE 


for Underground and Outdoor Service 


This uni(|ue systtMU of piiK* lim* protfnMtou 
consists of pipe that is insvilateti, wniled ami 
proi«:tt*<I dtourjnrtory^ ami shipiiiHl t«» th<' 
job ready for instatlatioii. lengths 

can Iw joimHl with !«Tewcd, IhinutMl or 
woldtui nttin}ts» and the system provides 
proteetum for exismsion iiends, joints, 
valves and similar pi(K*line appurte- 
nances. 

Kield joints in Durant InsidattNi IM()C 


an^ easy to make, and onev made tlie 
tmekfitrcan be tiOKun and the trench 
tloodiHl for tampinn. 

Khret's Durant Insutatetl Piia* will not 
crack or leak and moisture or water is 
{HTinanently excladvtl i>y the thick, time- 
defyinn layer of hiuh-ineltiiiK-point asphalt 
t hat enclost^s .dl |>artH ot t he system. W riti* 
for t he s{H*cul Ivliret D. I . I*, toh ler it ui ves 
ftdl <letails. 


Some OutHtandlnft Advantajtes of Durant Inauiated Pipe: 


1. IVrmatiently waterprinif, 

2. Kliininatiott of ehvtrolysis and corrti- 
sion. 

8. Keipiirt^s no stdi-tirains as even cTun* 
filete water sulmmrsion d(K*s no iutrin. 

4. In multiple Iiiit% individmd Durant 
pipes can 1h* aiiiled, removed or re- 
placed without fiisturbina others. 

5. Minitmim trenchiiiK ami field work. 


ti. No Hillers or pits* suptsirts rc<t«in*«l. 

7. No firt^tkaae or waste ol material 
tiiirinu installation. 

S. Tile or iimsonry protection not le- 
(juireil. 

IK Field costs are titiieh lower than thost* 
ot tile, tunnel and simil.ir systtMus. 

10. Insulation protection is alisoiutely 
dependable. 
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The Eagle-Picher Lead Company 

General Offices: Temple Bar Building, Cincinnati, Ohio 

Offices in Principal Cities 



PICKER 


A Remarkable Insulating 
Wool Made From Minerals 
Years ago Eagle-Picher pioneered 
a method of fusing and fiberizing 
carefully selected minerals into a 
dark gray insulating wool. This 
mineral wool is chemically inert. 
Fibers are mechanically strong, 
extremely resilient and flexible. 
They withstand expansion and con- 
traction without loss of efficiency 



even at elevated temperatures. 

From this mineral wool, Eagle-Picher 
has fabricated a long list of insulating 
products to meet a wide range of tempera- 
tures and operating requirements. 

Eagle H-2 Loose Wool 

A clean fill insulation that is highly 
efficient for temperatures to 1200 F. 
Averages considerably lighter in weight 
than many rock and slag wools — goes 
farther. Fibers are soft and flexible. Ap- 
proved by Underwriters Laboratories as 
fireproof and a non-conductor of electricity. 
Retains physical and chemical stability in 
presence of water. Packed in 40-lb. bags. 

Eagle 7-B Granulated Wool 

Another grade of fill insulation that has 
all the advantageous properties of Eagle 
H-2 Loose Wool. It consists of small 
pellets averaging H to H in- in size. 
For all fill jobs in irregular spaces. May 
be poured. Packed in 40-lb. bags. 

Eagle Low Temperature Felt 

A highly efficient insulating material for 
subzero and low temperatures (to 400 F). 
Inherently water-repellent (not specially 
treated). Available in densities 6-lb to 
8-lb per cu ft. Recommended for refrig- 
erator rooms, trucks, refrigerators, stoves, 
etc. Extensively used in marine field. 

Eagle H-5 Felted Pads 

Specialljr designed for use in pre-fabri- 
cated equipment where high insulating 
efficiency is required. Offers low con- 
ductivity in easy to apply form. Pads 
come rolled in paper, 6 to 12 ft in length. 
Thicknesses — VA in., 2 in. and 2 A in. 
Standard width is 24 in. 


Paper Encased Batts and Blankets 

These light-weight, sturdily constructed 
batts and blankets are easy to apply. 
Enclosed on four sides with paper, one 
side of which is an approved vapor barrier. 
Strong tacking flanges. Quickly cut with 
knife or shears. Three thicknesses —Ful- 
Thik, Semi-Thik and l-in. 

Eagle Super “66*’ Cement 

A high temperature plastic insulation. 
Easy to apply and trowels to a smooth 
finish. Does not cause corrosion. Will 
stick on any clean, heated surface. I)ry 
coverage 50-55 sq ft per 100 lbs. 100 per 
cent reclaimable up to 1200 F. Packed 
in 50-lb bags. 

Eagle Supertemp Blocks 

An all-purpose block insulation which 
will withstand elevated temperatures up 
to 1700 F without loss of efficiency or 
structural strength. ^ Blocks are water- 
repellent. Light weight. Easily cut to 
fit irregularly shaped surfaces. Blocks 
resist attacks of steam and moisture, and 
withstand all normal vibration and abra- 
sion. Available in all standard sizes. 

Eagle Insulseal 

A protective coating for Blankets, 
Supertemp, “66” Cement and other kinds 
of heat insulation. Prov'ides a permanent 
seal that safeguards insulation against air 
infiltration, moisture, water, fumes; also 
against vibration and abrasion, I )o(‘s not 
support combustion. 

For more complete specifications and 
technical data on these and other Eagle 
Insulating Products, see Sweet's Engi- 
neering or Power Plant catalogs. 
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10807 Lyndon 
at Meyers Road 


IN 


S U L A T 

1 O N 

D U S T R 

1 E S 

CORPORATED 

1 D E T R 

O 1 T 


ROCK WOOL INSULATION PRODUCTS 


Detroit 

Michigan 


BUILDING INSULATION PRODUCTS 
Loose Rock Wool (paper baj^s) 
Granulated Rock Wool (paper bags) 
Rock Wool in Rolls (any length or 
thickness) 

Rock Wool Batts (cartons) 

(with or without paper backs) 

Rock Wool Batts (bags) 

(without paper backs) 

Insulation Industries Incorporated owns 
and operates one of the most modern, 
up-to-date Rock Wool plants. 

Rock Wool is manufacturetl by a 
patented, precisic)!! process that produces a 
superior };rade of Rock Wool. It is lij;ht in 
weight, has long, silky ami resilient fibers. 
It is clean and free from foreign i)artides. 

Rock Wool is indestructible ami will 
last us long as the building itself. It is 
fire-proof, vermin and rodent -proof and 
is rcsistent to moisture. 

BUILDIN<; INSULATION 
Rock Wool is suitable f(»r all types of 
builtling insulation retiuirements. 

It can beaptdied in the granulate<l form 
by the pneumatic method to existing 
homes or buildings. 

lyir new ct)nst met ion or for unfinished 
attic or wall spaces, Balts are furnished 
either Ifix’iJi in. or 15 x 4.S in. and 2 or 4 in. 
thick and with or without paper backs, 
packe<l in cartons. 

Long fiber Ko<'k Wool in loose form is 
available paeke<l in 35-11 > paper bags. 
RESUI/rS 

Results olitained in all tyjH'H of build- 
ings, both ohl and new, show* substantial 


INDUSTRIAL INSULATION 
PRODUCTS 
For 

Stoves and Ranges 
Water Heaters 
Industrial Ovens 
Bakery Ovens 
Large Diameter Pipes 
Boiler Settings, etc. 
savings in fuel consumption with elimi- 
nation of drafts and variation of tempera- 
tures between rooms and floors. 

BLANKETS 

Long fil)er(‘d, especially treated Rock 
Wool, felted and s(‘cured between metal 
fabrics of different types. These blankets 
are made in standard sizes 24 in. x Ob in. 
ami 24 in. x 4«S in. and special size.s as re- 
(piired ami any thickness from I in. to S in, 
Applicabh* to flat or curved surface.s, 
INSULATING BLOCK 
Ro<^k Wool fabricated into sheet or 
hoard form from ?2 in* to 4 in. thick, 
24 in. X 30 in. or special .sizes, as rcciuired. 
This block is widely used for insulating 
boilers, <l nets, tanks, stills, etc., and for 
domestic furnaces, boilers, ranges and hot- 
water tanks. 

INSULATING CEMENT 
For finishing block and bhuiket insu- 
lation. For temperature conditions from 
100 to 2000 di‘g. Is very plastic and is 
quickly and easily applie<l. 

sSPECIFICATIONS 
Write for complete information ami 
<lctail.s on Insulation Industries products. 



A rtw Hiuk Hait, durutfU ifnuufth to meet any imtalhtioH retimrement. 
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INSULITE 

Division of 

MINNESOTA AND ONTARIO PAPER COMPANY 
General Offices 

1100 Builders Exchange, Minneapolis, Minnesota 

TWENTY-EIGHT YEARS PROVEN DURABILITY 


For 28 years engineers and architects have specified Insulite materials for structural 
uses, interior finish, duct lining, and for other thermal insulation and sound control 
work. Insulite materials have proved themselves practical through their performance 
on the job. 

STRUCTURAL MATERIALS 


Lok- Joint Lath — An insulating plaster 
base, fabricated from Ins-Lite or from 
Graylite. Patented “Lok” firmly locks 
the sheets between supporting members. 
Thickness: in. Size: 18x48 in. 

Sealed Graylite Lok- Joint Lath — An 
insulating plaster base of Graylite, sealed 
on stud space side with an effective vapor 
barrier. Has patented ' ‘ Lok’ ’ on long edges. 
Furnished in same thickness and size as 
Ins-Lite and Graylite Lok- Joint Lath, 

Bildrite Sheathing is an asphalt-con- 
taining wood fiber board manufactured 
under an exclusive process which provides 
increased strength and moisture resistance. 
It is in. thick and has a distinctive 
gray-brown color. Thermal conductivity: 
0.36 Btu per inch thickness. Each sheet is 
marked to indicate proper nail spacing. 
Available in sizes 4 x 8 ft up to 4 x 12 ft 
with all edges square. Also available in 
2 x 8 ft size with interlocking joint on long 
edges. Used as a structural sheathing 
board and as a roof boarding. 

Condensation Control — Where low 
outside temperatures and high inside 
humidities may occur, authorities recom- 
mend “sealing the hot side and venting 
the cold side” of the wall to prevent con- 
densation. An adequate vapor barrier, 
Sealed Graylite Lok- Joint Lath, should be 
used on the warm (room) side of the wall 
thereby effectively reducing vapor trans- 
mission into the stud space. Bildrite 
Sheathing is designed to allow any surplus 



vapor in the stud space to “breathe” or 
be vented to the exterior air. If vapor is 
trapped within the stud space and cannot 
escape through the sheathing, destructive 
condensation may occur. 

INSULITE WALL OF PROTECTION 

This construction consists of Bildrite Sheathing 
on the exterior of the frame work and either Lok- 
Joint Lath or Insulite Interior Finish Materials 
on the interior. Transmission coefficients (U) 
are shown below. 



Interior Finish 


No Insulation 

Between Studding 

Exterior 

Finish 

and 

Sheathing 



No plaster — Insulite 
Building Board, In- 
terior Board, Tile- 
Board, or Plank Q/i in.) 

i-s 

IS 

II 

Wood Siding, 2*4 in. 
Bildrite Sheathing 

0.16 

0.15 


The above values are typical of results which can 
be obtained by utilizing Insulite matc^rials in frame 
construction. For further (U) values refer to 
Chapter 4, pages 102 and 103. 



Applying Bildrite Sheathing 
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INTERIOR FINISH MATERIALS 


Ins-Llte Building Board A wood 
fiber board with the light color of natural 
wood- burlap and linen textured surfaces. 
Thermal conductivity: 0.33 Btu/hr/sii 
ft/in./F; density: 10 ll>/cu ft. Kurnishecl 
in thicknesses of * 2 and ^ inch and sixes 
of 4 X 7 ft to 4 X 12 ft. Also available in 
0 X S it, 0 X 12 it and S x 12 ft sizes. 

Graylite Building Board An integ- 
rally treated asphalt containing wood fiber 
board of graysih brown color burlap and 
linen textured surfaces. Thermal conduc- 
tivity 0.35 Btu per inch thickness. Fur- 
nished in .same thickiu^ses and sizes as 
Ins- fate Building Board. 

Smoothcote Interior Board ('oateil 
Insulating Board with .smooth, lianl sur- 
face one si<le, having OS iK»r cent light re- 
flection. Furnished in *2 hich thickm^ 
only and in sizes of 4 x 7 ft to 4 x 12 ft. 

Satincote Interior Board I'at'iorj' 
finishetl Insulating Board in colors buff, 
gray, conil and grmi. laghl reflectitui 
Irom 54 iH‘r cent for grmi to SO jxt cent 
ft)r the bulT col<»r. Ke<|uires m» further 
decoration. Highly rt^istant to abrasion 
and easily washable. In * 3 inch thickness 
ami in sizes <»f 4 x 7 ft to 4 x 12 ft. 

TilcBoard Avail.ible in Sm<M)thc<»te 
and Satincote. TileBoard is furnishisl 
with the L<ik-<frip Joint that ixTutits con- 
cealed miiling and which together with the 
U)k-lMn (a flat diamond shafKid metal 
<lowel.) ilefinitely ami meclianically safe- 
guards against any falling units even 
though no face nailing is us<*d. 

SnuKithcote and ^^lttucote TileBoiird 
available in inch thickness ami si/x^ of 
12 X 12 inches to Ifl x 32 indues. 

Plank Axttilable in SmcKithcote and 
Siitineote. Plank has the l.(»k-(frip joint 
which |x*rmits conceak^l nailing ami is 
IjeveltHl and lH*aded IsSh long eilgw. 
SnuKithcoteand SiOincote Plank furnished 
in *2 inch thickm!ss, wulths of S to Hi 
inches and lengths <»i S to 12 ft. 



AumstUitf tir 

<rwiW unU iuHtriit imnd 


AcoustlHte A high eflicicncv acousti- 
cal material for sound control. OoefticicMit 
of sound absoriJtion, at 512 cycles, is 0.70 
when mounted on solid Ixickground and 
0.80 when on furring strijis. Noise re- 
duction cocfiicienl is l).t)5 when mounted 
on solid background and 0.75 when on 
furring strips. Factory iiainted in buff, 
(light reflection 77 per cent ) and in white 
(light reflection SO per cent). Units have 
a butt joint and are beveled on four edges. 
Thickness, in.; sizes, 12x12 in. to Hix.32in. 

Pibcrlitc An efficient sound absorp- 
tive and dwonitive iiuiterial. Coefficient 
of sound absorption, at 512 cycles, is (1.53 
w^hen mounted on a .solid lyackground and 
0.72 \vhen on turriiig strii>s. Noise re- 
duction ccwfficienl is 0.55 when mounted 
on M)1id background and 0.05 when on 
furring .strijis. Factory jMiinted in buff 
(light reflection 77 per amt) and in white 
(light reflt^tion SO per cent). Units have 
a butt joint and are beveled on foiirwlges. 
Thickm^, * 2 in.; sizes, 12x12 in. to 10x«32 in. 

Hard Board Products 

llardBoanl materials are tough, durable, 
gniinle,ss, pr(»ssc*d wood filler b(«ird.s with a 
hard, smoot h surface. Available in a range 
of densit ies from 55 to OS II 1 Vu ft . Thick- 
mssi^ an* from *10 to ‘"in In. and sizes of 
4x2 ft to 4 X 12 it. 

Industrial Insulation 

Industrial Insulation is a woikI filn^r 
board for ust* in all ty|K»s of manufacturing 
industries pnalucitig items such as refriger- 
ators, axilers, showcases, broculers, parti- 
tions and cabinets. 

It can lx* cut-to-si/e and fabricated to 
customer’s s{H*cifications. Three types of 
industrial lasird are available. 

Lowdenslte Industrial Board A 10 
to 14 lb density bojinl with an average 
tensile strength of HH) lb sii in. and an 
average comluclivily of O.lft) Btu, Imur 
/«! ft. F inch thickness. 

Ins-Llte Industrial Board A 11 to 
18 lb density board with an average tensile 
strength of 250 lli 'wi in. amt an a>erage 
comiuctivity ol 0.33 Btu,'h<»ur "st} ft/F 
, inch t hickness. 

<SrayUte Industrial Board Dilfers 
trom two above products in that it has an 
|rit<*gral asphalt treatment which proxides 
incnmsal strimigth ami moisture resist ance 
as well as minimum thlekness and line.‘ir 
ex{mnsion. A 10 to 20 lb ilensity biurd 
with an average tensile strength of 350 
Ih wt in. and an average conductivity ot 
0,J15 Btu.‘ hour's! I ft F'inch thickm*sH, 
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Johns-Manville 

Executive Offices: 22 East 40th Street, New York, N. Y. 

Offices in All Large Cities 



Johns-Manville Home Insulation 


Johns-Manville Rock Wool Home In- 
sulation is a light, fluflFy mineral wool, 
highly efficient in heat-proofing practically 
any building, old or new. It is durable, 
rot-proof, fire-proof and odorless, and will 
not corrode or settle. Full stud thickness 
of this material will cut fuel costs up to 
30 per cent in winter and help keep rooms 
up to 15 deg cooler in hottest weather. 
J-M Rock Wool Home Insulation is fur- 
nished in two forms: for new construction, 



Applying J~M Super-Felt Type B baits in new home 

in easily handled batts; for existing build- 
ings, in nodulated form to be installed 
pneumatically. 

For New Construction 
J-M Super-Felt Type B Batts 

Super-Felt Type B Home Insulation is 
furnished in pre-fabricated batts of uni- 
form thickness and density, in both full 
stud thickness and semi-thick, in sizes 
15 X 23 in. and 15 x 48 in., designed to fill 


completely the space between studs, joists 
and rafters on the usual 16 in. centers. 
The sturdy felted “wool” is strong enough 
to be handled rapidly without damage. 
The batts are backed with waterproof, 
vapor-resistant paper, extending on both 
the long sides in Ij^ in. wide flanges, by 
which the batt is fastened in place and 
which also aid in sealing the joints. This 
backing protects against penetration of 
moisture from wet plaster and also resists 
infiltration of moisture vapor from the 
house into the wall. 

As a further protection against moisture, 
the felted wool is also waterproofed. 

Super-Felt may also be obtained in 
blanket form, in Thick, Medium and 1 in, 
thicknesses. The blankets hav(‘ a water- 
proof vapor barrier paper on one side and 
a permeable kraft paper on the opposite 
side, cemented together along the long 
edges to form a strong nailing flangt*. 


For Existing Homes and Buildings 
Type A “Blown” Rock Wool 

Type A Rock Wool is blown pneu- 
matically into the spaces between studs in 
outer walls and between rafters or joists in 
roofs or attic floors. Insulation thickness 
in walls corresponds to stud depth, ap- 
proximately 35^ in.; the density, approxi- 
mately 5 to 8 lb per cu ft, assures maximum 
thermal efficiency. This type of insu- 
lation is installed only by Approved J-M 
Home Insulation Contractors, who are 
equipped with the necessary apparatus 
and trained crews. 


Write for Details 

Complete information on all types of 
J-M Rock Wool Home Insulation will be 
furnished on request, 


J-M Airacoustic Sheets for lining Air-Conditioning Ducts 


J-M Airacoustic Sheets, for duct linings 
of air conditioning systems, are flame- 
proof, highly sound -absorbent and mois- 


ture-resistant, with a surface which will 
not materially increase friction losses in 
the duct system.Write for Bulletin AC-23A. 
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Johns-Manville Pipe and Boiler Insulation 



J-M Magnesia Pipe hisulaliun 


J-M Pre-Shrunk Asbestocel 
Pipe Insulation 

J-M Prc-Shrunk Asbcbtocd Is u radically 
iniproveii iasuIatiu^ inaturial for hot water 
or low pressure steam piping, which, since 
it is made of moisture-proofed asbestos 
paper, minimi/.es objectionable shnnlcage. 

Supplied in canvas, asbestos paper or 
aluminum finishes. All types furnished in 
3-ft sections in standard thicknesses of 
2 to 8 plies, each ply approximately hi in. 
thick, for all commercial pipe sizes.* 

J-M 85% Magnesia 

Uecommemled as the most widely used 
iriwsulation of the molded type lor tempera- 
tures up to tlOO^ F. Pijie insulation is 
furnishe<I in sectional or segmental form 
for all commereial pipe sizes,*' in thick- 
nesses up to 8 in. Blocks are 8 in. by 
IS in. and t> in. by 8t) in., fiat or curvtHi, 
from 1 in. to •! in. ihiek. Minimum thick- 
ness for curve! I liltwks, I • i in. 

J.-M Pre-.Shrunk Wool Felt 
Pipe Insulation 

Due to its DuabService laner -an 
asphalt-saturated felt J-M Pre-Shnmk 
Wool Felt is equally effective and durable 
on either hot or cold water si*rvice pifdng. 
By the use of waterproofed felts, shrinkage 
troubles have been minimi/eii. 

Supplied in two finishes, the regular 
canvas and a smooth, duU-coateil alumi- 
num. In either finish, it Is furnished in 
3-ft sections in thicknesses of in. in., 
1 in., Double H in,, arul Double H In., for 
all commercial pipe sizes.* 


J-M Asbesto-Sponge Felted 
Pipe Insulation 

Recommended on all high pressure 
steam piping at temperatures up to 700 F 
where insulation may be subjected to 
rough usage or where maximum efficiency 
and durability are desired. Furnished in 
3-ft sections up to 3 in. thick, for all com- 
mercial pipe sizes. 

J-M Superex Combination 

Superex Combination Insulation (an 
inner layer of high temperature Superex 
and an outer layer of S5% Magnesia) is 
recommended where temperatures exceed 
600 F. Superex and Magnesia are l>oth 
furnished in sectional and segmental pipe 
covering, and in block forms. 

J-M Asbestocel Sheets and Blocks 

Asbestocel Sheets and Blocks are used 
for insulating warm-air ducts, flues, heater 
casings and fan housings in the ventilating 
system. Temi)crature limit 300 F. Fur- 
nished 6, 0, 12, IH and 36 in. wide by ,36, 
■hS, 72 and 96 in. long, from * { in. to 2 in. 
thick. 

J-M Rock Cork Sheets and 
Pipe Insulation 

J-M Rock Cork is made of mineral wool 
ami a moisture-proof bindinj^ ingredient 
mohleti into sheeCs for insulating refriger- 
ated rooms and air comlitioning ducts; and 
into .sectional pipe insulation with an 
integral waterjiroof jacket, for all low tem- 
perature service. It is strong, durable, 
and will not support vermin. Because of its 
unusual moisture resistance, its high insu- 
lating elficiencv is maintaineil in service. 

Furnished in .sheets 18 in. by 36 in., in I , 
U'i, 2, 3 and 4 in. thicknesses; also 18 in. 
by 18 in. by I in. thick. In lagging form, 
for curvet! surfaces, supplied 18 in. long 
by I jf 2 , 2, 3 and 4 in. thick, 2 to 6 in. whle, 
depemlitig on tlia meter, In pii>e covering 
form, in ice water, brine anti heavy brine 
thicknesses, for all commercial pipe sizes. 

Details on Request 

Write for complete information on any 
Johns-Manville insulating material. 


♦(’an uho be Hfipnlictl in s^H'Ouns tu tit 
run# uf c<»ni»cr nux* <»r tubitiK with outratlc thamett^f 
In. unti larger. 
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KIMBERLY-CLARK CORPORATION 

ESTABLISHED 1872 (Building insulation Division) NEENAH, WISCONSIN 


KIMSUL* is a trade-mark of 
Kimberly-Clark Corp. for its 
brand of laminated and as- 
phalted, compressed insulation. 





High in Thermal Efficiency . . . Easy to Install . . . Long -Lasting . . . 
Moisture Resistant . . . Clean . . . Light in Weight . . . and Low in Cost! 


KIMSUL*, is a wood fibre product, made 
in long, flexible blankets composed of many 
creped layers or plies, providing a maxi- 
mum number of dead air cells for efficient 
insulation. Being flexible and extremely 
light in weight, it is easy to install. Each 


blanket is stitched with rows of strong 
twine running the length of the blanket. 
This unique feature holds the installed 
KIMSUL blanket securely in place- pre- 
vents sagging or "packing down” inside 
the walls. 


KIMSUL comes com- 
pressed, packaged as at 
left . . . ts expanded on 
job to about .‘7*2 times 
packaged length (right), 
saving on handling time, 
storage space and trans- 
portation cost. 





Strong stitching keeps KIM- 
SUL at its proper density, 
prevents it from sagging, 
sifting and settling. Once in 
place, KIMSUL stays *‘put” 


KIMSUL Insulation is easy to 
cut to exact size, fits out-of- 
the-ordinary spaces as 
neatly and as easily as it 
fits standard spacings. 


Sloping roofs present diffi- 
cult insulation problems, but 
even in spots like this, 
one man can usually install 
KIMSUL quickly and easily. 
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Insulation 


Manufactured by the Kimberly- 
Clark Corporation, makers of wood 
fiber products since 1S72, kimsui.** 
Insulation is one of the most ciTicicnt 
insulating materials ever developed. 

Thermal Insulation: For walls, 
floors, ceilings and roofs, “k" Factor is 
.27 Btu/hr/s(i ft /degrees K/inch- J. C. 
Peebles. 

Acoustical Insulation: For walls 
and ceilings. Average coefllcients of 
absorption: Commercial thickness - 
.41. Standard thickness .fiO. Double- 
thick- ■.(i7. 

Sound-Deadening Insulation: 
For piirtitions and floors. 

Physical Characteristics: kimsiu. 
Insulation is a laminated and asphalted 
wood fiber flexible blatiket insulation 
. . . resistant to water . . . extremely 
light in weight (I.fi lbs jH^r cu ft) . . , 
faced with a tough waterproof co\er. 

Available in 3 Thicknesses: (^ml• 
mercial Thick (nominally one-half inch) 
. . . Standard Thick (nominally one 
inch) . . , Double Thick (nominally two 
inches) , . . Furnished in corrtvt widths 
for stamiard sttui sixteings. 

Vapor Seal: SefKtrateMsding recom- 
mended wherever vapor wal isre<iuir«l. 



Graph shows how effectively 
KlAtsirn reduces heatjlotv through 
typical frame structures. Note that 
greatest profuirtion of heat losses 
are stopped by the first inch of 
KtMSUL, 


II. S.4fe('»n. 



Pipes and conduits don't In- 
terfere with the insulating 
efficiency of KiMSUL. It works 
around comers, tuckssnugly 
into "tight" places. 



Used for caulking around 
window frames and door- 
ways, odd pieces of kimsul 
add to effectiveness of insu- 
lation }ob, eliminate waste. 



When a VaporSeal is needed 
to guard against condense* 
tion within walls, it should 
be installed as shown, sepa* 
rate from the insulation. 
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Mundet Cork Corporation 

65 S. Eleventh St. insulation division Brooklyn, N. Y. 

Manufacturers of Corkboard, Cork Pipe Covering, Compressed Machine^ Isolation Cork, 
Natural Cork Isolation Mats, and all kinds and varieties of Cork Specialties. 

Authorized contractors for high temperature insulation. 

Mundet Branches 

Albany, N. Y. Chicago, III. Houston, Texas Philadelphia, Pa. 

Atlanta, Ga. Cincinnati, Ohio Kansas City, Mo. St. Louis, Mo. 

Brooklyn. N. Y. Dallas, Texas Los Angeles, Calif San Francisco, Calif. 

Boston (No. Cambridge), Mass. Detroit, Mich. New Orleans. La. Syracuse, N. Y. 

Mundet Distributors are Located in the Following Cities— Names and Addresses on Request 

Amana, Iowa Hartford, Conn. Oklahoma City, Okla. 

Baltimore, Md. Johnson City, Tenn. Portland, Oregon Seattle, Wash 

Buffalo, N. Y. Memphis, Tenn. Providence, R. I. Tucson. Ariz. 

Charlotte, N. C. Minneapolis, Minn. Richmond, Va. Tulsa, Okla. 

Cleveland, Ohio Nashville, Tenn. Rochester, N. Y. Utica, N. Y. 

Denver, Colo. Norfolk, Va. Salt Lake City, Utah Youngstown, Ohio 

Mundet “Jointite” Corkboard paper applied with hot asphalt top and 


— for all low temperature insulation and 
for acoustical correction. 100 per cent pure 
cork, fabricated in accordance with IJ. S. 
Government Master Specifications and 
unsurpassed in its field. Sold in standard 
12 in. X 36 in. sheet. Standard thicknesses, 
in., 1 in., 1}^ in., 2 in., 3 in., 4 in., 6 in. 

Mundet “Jointite” Cork Pipe Covering 
Shown below, with fitting cover. Pro- 
tects all types of low temperature lines. 
Made in 3 thicknesses, with complete line 
of standard covers, suitable for pipes 
carrying sub-zero to 50 F temperature. 



Section of Mundet Moulded Cork Pipe Covering, with 
Pitting. The pipe covering is made in sections $6 in, 
long, to fit all sizes of pipes. 


Mundet Cork Vibration Isolation 
Machinery vibration encountered in 
heating and ventilating work is effectively 
controlled by the use of Mundet Natural 
Cork Isolation Mats. These consist of 
blocks of pure cork, held together within a 
rigid steel frame or bound with asphalt 


bottom. Mundet steel bound mats are 
usually used under exposed mounts; as- 
phalt paper bound mats under concrete 
foundations of the envelope type. Mats 
are made to fit under any type of machine 
foundation. For loads exceeding 2000 lb 
per square foot, we manufacture Mundet 
Machinery Isolation Cork, which is a 
board form of compressed granulated cork, 
available in 3 densities. All types of 
isolation are furnished in 1 in., 1}'^ in,, 
2 in., 3 in., 4 in., and 6 in. thicknesses, 
depending on class of service. 



Above close-up of Mundet Natural Cork Isolation 
Mat shows how the blocks of cork are held together 
within a steel frame. 


Engineering and Specification Service 
Our engineering department is at the 
service of Architects and Kngineers, to 
assist and advise in the preparation of 
specifications pertaining to cork. This 
service is also available without obligation 
to any one who has a low temperature 
insulation or a vibration isolation problem. 
Our complete catalogue is filed in Sweet 's 
Catalogue File for Engineers and Archi- 
tects and will be sent on rectucst. It is 
replete with information and data of value 
to every specification writer whose field 
touches our products. 

Mundet Contract Service 
Covers the complete installation of our 
products, in accordance with best cstal)- 
lished practice. Divided responsibility is 
avoided. All materials and workmanship 
are guaranteed. 
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National Gypsum Company, Buffalo, n. y. 

Manufacturers of 

ROCK 

Rock Wool Plants located at 

DovKk, N. J Ai.kxandria, Ind. DuBuyi'is, Iowa 



The Senlnl lUitt i.s l>rofuihly the most 

frequently tistul in^ulatinn nmterUil <»h the market 
today. It i.s easy-to-fuimile, quiik’^to-al^ldy, and 
unexti'Ued as a heat harr trade. The Sealal Halt 
fts sttuRly hetxveen .standard studdinns and }otst.s. 
Its .semi-rtiiid quality eltmtnate.s need o/' extra 
.support and insures anainst sagfitn^. 


Gimco Sealal Rock Wool Bats- (>iinco Rock Wool Bats 
arc made Iroin long, tough rock wool fibres annealed and 
treateil specially by the patented Gimco process. Installed 
in. thick (}imco*s conductiyity is only 0,067 Btu per hour 
per S(i ft for that thickness. Gimco provides full ‘'wall-thick^' 
protection . . . keeps inside temperatures as much as 15 deg 
cooler in summer and pays for itself out of winter fuel savings. 

Gimco IS as fireiiroof as the rock from 
which it’s made, resists moisture, and will 
not <lccay, pack down or dust out . (.Vimeo 
is as permanent as the house, and offers 
no attraction to vermin or termites. 


Gimco Bats are Self-Supporting- (limco bats need only 
to be pushed between studdings or joists. Their own natural 
resiliency holds thein iK^rmanently in place without additional 
support. Application costs are thus cut to a minimum. 

Gimco Insulation for Present Homes < timeo in granu- 
lated form can easily be blown into empty wall ami ceiling 
spaces. It makes a permanent “wall-thick" insulation, and 
can be installed in any home, regard U‘ss of age, si/e or tyjie of 
construction. For complete details, write National Gyp.sum 
Oimpany, Buffalo, New York. 

SPR<UFI(IATl<>NS < Jimn* U.itts itn* furnislu'd with 

piilMT huokiuK. Th<‘y ar«‘ miidr in two ni/fH' (1) ir> x 2.*t in. x wall tliirk; 
(li) If) X *18 in, X wiiU thii'k, tJimro Itutts an* alHo availabh* in a 

i)oul)h’ thickncKS (apjirox, 2 in. thickl in th<* 8ium* hiV.oh uh tin* Kull thick 
Sealal Halts. 



Present homes are easily and 
quickly insulated by bUrwing 
Gimeo Hitek Wool in empty 
trail and ceiling spaces, tn^ 
sures a thick, protective 
blanket of uniform den.sity. 


H ummmm <aMCX) ROCK WOOL PRODUCTS FOR INDUSTRV 

riexfelt Blankets F'fiicient and adaptable rock wool 
insuUlion for Ixiilcrs, heaters, furnace breachtngs, hot tanks 
ami other imlu.strial etjuipment. Uecogni/(‘tI and accepted as 
one of tin* most rugg(*ti, durable insulating materials us<*d bv 
American industry. Besides unsurpassed insulating values, it 
provides tire protection, sound alisorption and is adaptabh* to 
BBHBB tempeniturt‘s up to 1250 F. 


Gimco No. 340 Inaulutinft (k^ment To Kngineers who 
are concerned with heated apparatus, (Jimeo .*M0 Insulating 
C'ement is no stranger. For years, (umeo has been their 
standby for all tyrnss t>f jobs where an insulated cement 
covering is needed jobs ranging from a small heating 
furnace to a coating for giant boilers. 

The Gimco Induetriel Batt provides the most efficient 
and economical of bim'k insulation. Industrial Baits 
proiHTly applietl to heating ami air comiitioning ducts 
insures you of unexcelled insulating tjuaUties. For encased 
application . . , in Industrial Oven ami Heater Panels ... 

arouml tanks . . . ami on many types of heated etjuiiinient operating up to HOO F, 
the application of Industrial Batts is laith highly atlaptahle and well recommended. 
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The Pacific Lumber Company 

PALGO WOOL INSULATION 

100 Bush Street 35 E. Wacker Drive 5225 Wilsliire Blvd. 122 East 42nd St. 

San Francisco Chicago Los Angeles New York 


insulation 


8 PROPERTIES 
that make it 
AN IDEAL 
INSULATION 


TRADE MARK REG U S. PAT OFFICE 


WHAT IT IS 

PALCO WOOL is a 
loose fill insulating ma- 
terial made from the bark 
of the Redwood^ tree, the 
protective covering of the 
world's oldest living thing. 

It is highly refined into an 
insulating material of light weight, wiry 
fibres of springy resilience. Recent im- 
provements in manufacturing have made 
it clean, dustless and lighter in weight. In 
practical use PALCO WOOL has proved 
to be ideal for all types of construction, 
large or small, where resistance to conduc- 
tion of heat is required. It is continuously 
efficient and reasonably priced, thus 
assuring economical performance, 

USES 

PALCO WOOL is suitable for any type 
of domestic or commercial construction as 
well as for the various types of Cold 
Storage construction. 

INSTALLATION 

Approximately ,8 of a lb of PALCO 
WOOL is required per square foot of 4 in. 
thickness. It is easily installed by hand or 
by machine. Between 100 and 150 lbs can 
be applied per hour per man. It comes in 
bales weighing approximately 100 lbs. Size 
24 in. X 24 in. x 26 in. 

Send for Insulation Manuals 

Send for new 16-page booklets: “For 
Comfort Savings" on House Insulation 
or “Cold Storage Manual.” Both give 
comparative charts and complete infor- 
mation on PALCO WOOL. Free sample 
on request. 

House AppLi cation 



1. Thermal Efficiency: The estab- 
lished conductivity of PALCO WOOL is 
.26 Btu per hour per sq ft per inch of 
thickness per degree F difference in tem- 
perature by the Flat Plate Method. 

2. Non-Settling: The fibres of PALCO 
WOOL possess such resilience that no set- 
tlement in a wall can occur under the most 
severe conditions of vibration. 

3. Moisture Resistant: The fibres of 
PALCO WOOL are entirely lacking in 
capillarity and have little attraction for 
moisture, enabling it to remain dry and 
efficient when in use. 

4. Permanent: The inherent anti- 
septic qualities of PALCO WOOI. make 
the existence of fungus impossible. The 
fibres retain their resilience indefinitely. 

5. Vermin Repellent: PALCO WOOL 
is distasteful and repellent to rodents and 
insects. 

6. Fire Resistant: PALCO WOOL, 
like the Redwood bark it comes from, is in- 
herently fire resistant. As an additional 
protection it is Sajerized to make it flame- 
proof. 

7. Odor Proof: PALCO WOOL is 
odorless itself and does not absorb or give 
off odors. 

8. Economical: PALCO WOOL is 
light in weight and low in clensity, offering 
exceptional thermal efficiency per dollar 
invested, storage A fiplkatiim 
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Nbw York 


Reynolds Metals Company 

I'l'dcral Reserve Bank Building' 

Richmond, Virginia 

Cnu'ACR) Louisvnxii San KRANi’is<'o 


CELLULAR FIBRE INSULATION 



Wall t ‘tn.\s ,Stuiiiitt 
Slunt'tttfi A7iV.V*()-( 7i/./. InsUtllfil 


Reyn-0-Ck*lI st<>()s up to 7!i por mU 
heal Ilow and iimnils ('(unpletc air cirru* 
lation around IraiiiinR. *rherinal oon- 
(luclivity is .21 Blu |ht hour, ikt siptare 
f<K)l, ]M‘r 1 K. per iindi thiiihnoss. 1 Au- 
thority Prol. J. (\ lVel»U*s, .\nnour Insti- 
tute of Ttrhnolojty). 

Reyn-O-CoU is<»neol the ftiost ertidenl 
barriers to the pastuiKc ot heat (h.it is 
eonitiiereiallv axailable tiKlay. It roiisists 
of heat retardinji deail air'eells. There 
are inyria<isol' nnmite .iint hollow (vllulotn* 
fibres, entwdiUHl and interlru'ked into a 
flexible, clean, resilient and liRht-wetght 
niasH. 

AIR <:IR<:ULATI‘:S freely 
R eyn-O-CicU iwrniits trw circul.it i<»n 
of air on both sides ot the insulation, thus 
allowing rapid evaporation <if any moist tin* 
which may (K*cur. Possible damp rot, 
decay or other d«iiiui){e to strwtural 
materials is thereliy ininimi/(*d, 

RODENT AND VERMIN PROOF 
R^yn-O-CicU bhinket ty|H* insulation 
insur(*H ut most cleanliness, not only durin){ 
installation, but durinu the lifetime of the 
structure. It is not subjtrt to attack by 
rtHleiUs, and dcH*s not hartior vermin or 
other inset^H. It is (NlorU«SH, am} will 
not (UH*ay. 

WATER-REPELLENT 
AND FLAME PROOF 
Reyn-0-(3ell will not abs<»rb w.iter or 
moisture. It has successfully withstiKxl 
flame tiwts up to IfibO K. 


RlCYN-0-('KLL is one of the most elTec- 
tive sound absorption materials. 

APPROVED AND A(K3EFI'EI> 

Reyn-0-C2elI is manufactured umler 
couKlant United .States ('loveriiment in- 
siKN^ion and in strict accorrlaiHT with 
Department of .‘Xjiricult ure specifications. 
It IS npprovcHl for home and industrial 
insulalinK purposi^s bv hVleral, Stale and 
! Municipal bureaus, builders, an'hitects, 

' and heatinti* eiiRineers throughout (he 
I United Statics. 

, Reyn-0-(2ell is ideally suited for (‘tiuip- 
meat insulation. It can U* furnisluMi <mt 
' to. si/e and in sptsdal widths up to (if) inches. 

j COSTS Lrn’LE TO INSTALL 

Furnishwl In eon\enienl blankets, or 
} rolls, Reyn-O-CHell is adaptable to all 
! constructions without extsmslve cutting 
> or waste. KKVN-( M'KId. dm*s not wattle, 

• sag <>r ]tack. For existing honusi, as W'ell 
J as bir walls, ceilings or rmifs of new striic- 
) tur(»s it provides maximum insulating 
I efltcieticy. lailsir costs for installation art* 
exceptionally low'. 





Semi for A.LA. folder .'IT-a l cU^si'ribing 
■ Ueyn-O-CVIl ; also 2(1-1 )- 1 ckwritiing Keyn- 
D-t.ath Plaster KeintortTment ami Plaster 
Base; and MM ilescTibing Ueyn-O Wall 
S>'8(eni of 2 in. Non-Loati Be«(rlim Par- 
titions. 
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The Ruberoid Co. 

INSULATING PRODUCTS 

Executive Offices 

500 Fifth Avenue, New York, N. Y. 

Divisional Offices 

New York Chicago Boston (Millis) Erie Baltimore Minneapolis Mobile 


The desire for increased efficiency of heat- 
ing equipment as well as the need for fuel 
conservation prompts the engineer to seek 
the product that provides him with the 
most economical operating plant. The 
following Ruberoid Insulating Products 


are tabulated to enable you to choose 
quickly the one for the correct purpose. 
Greater detail and description are provided 
in the Ruberoid Catalog on “Heat ancl 
Cold Insulating Products,” which will be 
sent on request. 


Product 

Temp. Limit 

Suggested Use 

Hi-Temp 

Sponge felt 

85 per cent Magnesia 
Imperial 

Watcocell 

Air Cell 

Woolfelt 

Anti-Sweat 

Frost-proof 

to 1600 F 
to 750 F 
to 600 F 
. to 500 F 
to 350 F 
to 350 F 
to 180 F 
to 120 F 
30Fto lOOF 

Protective inner layer for low temperature insulations. 

For vibrating pipes and underground insulation-excellent efficiency. 

Combined efficiency and reasonable cost — General use in industrial work. 
For temporary lines that require efficiency and constant removal of insulation. 
For a low-cost medium pressure industrial steam line. 

Standard insulation for residential pipes. 

For cold and hot water lines. Recommended especially for air conditioning work. 
For cold water lines to prevent condensation. 

To assist m the prevention of freezing in circulating water pipes exposed to cold. 


Sheet and Block Insulations 


All of the above products are also made in 
sheet and block form to whatever thick- 
ness may be required. Standard sizes are 
usually 6, 12, 18 or 36 in. wide x 36 in. 



long. In this lorm they are used for 
insulating flat or irregular surfaces, such 
as tanks, breechings, furnaces, etc. 



Imperial Pipe Covering 

This is a laminated asbestos paper insu- 
lation that has been indented to use 24 
laminations of asbestos paper per inch 
thickness. Its efficiency makes it satis- 
factory for medium pressure steam work 
in industrial plants. Its construction is 
ideal for vibrating conditions. It can be 
used on temperatures to 500 F. Furnished 
with either plain canvas jacket or the new 
pyroxylin finish. Made in 3 foot sections. 
Brass lacquered or black Japanned bands 
furnished for application. 


Sponge Felt 

Sponge Felt Pipe Insulation is for tem- 
peratures up to 750 F. Composed of 
asbestos-felt paper with sponge content 
evenly distributed. There are 37 to 42 
laminations to the inch. This produces a 
uniformly round and rigid insulation of 
extreme density. Over the outside is a 
heavy canvas jacket. Particularly a<l«apted 
for use on vibrating lines because of its 
rigidity. Packed in crates in 3 foot 
sections. Brass lacijuered or black Ja- 
panned bands are furnished for application. 


1110 



The Ruberoid Co. 


Insulation 




A/r i'dl ripe CtwettnR 1 
Unt‘-n)st insulalion Jor 
resulenhal u\e. 


WtHilJHl Pipe ( 'tfifrtHg lU\r 
the iHhulatUm of pipes tarry* 
ing hot or ttM VMiter also 
prevents toHden\a/ion under 
normat operating omdittons. 


Insulutin^ (dements 



For the finishing of sht^t and block insu- 
lation and the insiiluttiiK of im^^ulnr 
surfaci^s, such as valvi% unions, ilaii^eH. 
etc., the Ruberoid line <»f insulating; 
cements is complete. This Kniup o( plas- 
tics not only uses as its bast* asbestos, but 
also taken) advitntat;e of such eNt'ellent 
natural proelucts as maKni*sia. mineral 
wool and \ Vrmiciilite. 


Asbestos (ikiments Factory Premircd 

< trades AA, A, I IF. 

Asbestos Cements Mine Run 
('.cades 115,214. 

Magnesia (ilement 85 fxir cent Maf;- 
luntia. 

Hi^h 'remperature Cement (irade 

n.T. 

Mineral Wool Cement (ira<le R-\V. 

Vermiculite Cement ( »nule A- 1 1 . 


RU-BER-OID Asbestos lnsulatinj( Papers and Millboard 



Asbestos Paper 
Made of pun* aslxntos 
fibre and humII iK*rctnUaKe 
of bimlina tnatt*riaL Pos* 
unusual strength. 
This fine tire-resist iitg 
shet*t may tie obtaim*d in 
8, 10. 1% 14, Id and :i2 lb 
weights ranging in thiek* 
nm from ().0I9 to (Uk02i) 
or Rolls IK, 24 and 

8(1 in. wide, weight or 
1(K) lb. Color, blue w hite. 


Asbestos 

Corru}(eted Paper 
Made entirttly from high 
(putlityaslHtstoHfelt im(K*r 
by muenting flat sheet 
firmly with a *f in. <Hir- 
rtiga(t*<l shwt wdiieh forms 
dead air s|uia*H, Flexible. 
Kfficient for insulating 
warm air pi|>osand duets. 
8d in. wlcle. Availubte in 
250 s(| ft. rolls weighing 
approxinmtely M\ lbs. 

lilt 


Asbestos Millboard 
Asliestos Millboard is a 
rigid iii.sulating board 
umde of high quality as- 
bestos fibres and n<in- 
organic bimler, lias ex- 
ceptional strength and 
whitemm <'uts or drills 
easily. Standard or eiu* 
bosscsl fmish. For tem- 
peratures to 1100 F, 
Shwts 42 X 4S in. \'ariniih 
thickueH»u*H and weights. 




Insulation 


United States Gypsum Company 

General Offices: 300 W. Adams Street, Chicago, III. 

INSULATION PRODUCTS 


Blanket 


Decorative 

Structural 


Reflective 

Vapor Barriers 



BLANKET 

Red Top Insulating Blankets— Mineral wool fibers of great strength and uniformity, 
clean and free from non-insulating material are felted into light-weight blankets and 
securely fixed to an efficient asphalt-type vapor barrier. The vapor barrier forms the 
warm side of a complete paper enclosure, providing proper resistance to the passage of 
vapor, while a tough, perforated, vapor permeable paper on the cold side prevents the 
accumulation of any moisture within the blanket. 



Red Top Insulating Blanket 


Red Top Insulating blankets are so constructed that 
the insulating material is uniform in thickness through- 
out the length of each roll. They are as thick at the 
edges as in the center. Flanges at either side create an 
air space immediately back of the lath and plaster and 
effectively seal the joint against vapor leakage. Made 
in three thicknesses; One inch, medium and thick, 
in rolls of 50, 75 and 150 square feet (net area), re- 
spectively. Also available in bats 3 feet long in the 
same thicknesses. 


Red Top Junior Bats 11 x 14 In. — Composed of the same fibers, 4 in. thick, to fit 
standard stud and joist spaces reduce costs for buildings which do not reejuire vapor 
protection. Their “springy" fibers help hold the bats securely in position. 


DECORATIVE INSULATION PRODUCTS 

Weatherwood Building Board — An insulating wallboard 4 ft wide which fits across 
three standard stud or joist spaces, made in full foot lengths from 4 ft to 12 ft, inclusive, 
in. and 1 in. thick in a “skin" finish in Ivory and a textured finish in either Ivory 
or Tan shades. Nailed directly to studs and joists this pleasing wall finish efTectively 
insulates and decorates. 



Weatherwood Plank — These half-inch “})lanks" 
of insulative wood fiber are manufactured in width.s of 
6, 8, 10, 12 and 16 inches, and in lengths 8, 9, 10 and 
12 feet. They take advantage of the ingenious “ Ogee " 
edge on their long edges (see cut) which conceals the 
nails and fully accommodates any necessity h>r move- 
ment in the board because of expansion or contraction 
without producing a crack through which air may leak 
to discolor the surface and reduce the insulation value 
of the material. When applied horizontally, they are 
blind nailed to the studding, and to cross furring when 
used vertically. 


All sizes are shipped in a blend of gray and tan shades, in bundles of one size. When 
combined in the variations in shade and width, Weatherwood Plank produce maximum 
values in both insulation and decoration. 
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United States Gypsum Company 


Insulation 


Weatherwood Tile -Thicknesses of I in. 

in the following; sizes: 12 x 12 in., 12 x 2*1 in., 10 x 16 in., 
24 X 24 in., 10 x 32 in. and 24 x 4S in. The 
design, on all edges, produces a result comparable to 
that were a coiiifdctely continuous single i)iece of board 
used and likew ise enh.nnces the decorative effect . Nailed 
“blind” to construction in new buildings or they may 
also be cemented over plaster to both redecorate and 
increase insulation values in existing buildings. 


Rdfit’ 



STRUCTURAL INSULATION 

Weatherwood Iiissulatinft Lath A<lds all of the purposes of a gootl lath to } i in. of 
wood fiber board insulation. Kach f>iece is IS x4S in. lf>ng. The long edges havx* a steel 
reinforcing member (optional), which the plaster completely surrounds, reducing pos- 
sibilities oi cracks at the joints between adjacent boards. The excellent bond Ixdween 
the fibrous board face and th(‘ plaster eliminates any necessity for jdaster keys, saving 
plaster and labor (juantilies. 


Wcatherwood Sheathinji Mamifacliired in pieces 
2 it X S in. each in. ihh'k, with the long edges 
tongued and gr<H>ved for hori/ontal aiiplication as 
sheathing nmlenal to the exterior walls ol frame build- 
ings.^ Both sides ;ui<l all e<lges are asi>lmlt c(»ated, 
making the board highly watiT resistant. 


Roof Insulation In sheets 22 x 47 in, I, 1 Lj 
and 2 in. thick. All but the in. size are HU{)piied 
laminated, and may be olUained with stjuare or “ship- 
lapped” e<!ges. 



WcathmviHjd Inxulating fMlh 


RKFLECrnVK INSULATION 

Insulatin]^ Rockiath This uni versidly u.sc‘d plaster base is also available, with 
a highly polished aluminum foil baek, augmenting its well known fireproofing and 
structural fpialities with real insulation value at very slight adililional cost, 


Inaulatinf^ wSheetrock Where utiit or <Iry w'ull 
inaterials are used tor tlu* interior finish Insulating 
Sheet rock in to, or in, thh'kness combines it.s 
<lualitu‘H with those of aluminum ttnl reflective in- 
sulation for use iti exterior wall construction ami top 
floor ceilings. 


Vapor BarrlerH In exi.Mting butlding.s, where <‘on- 
densiition has eau.H<*d difhculties, Insulating Shwtrock, 
upplie<l over the plaster will supjdy a high efVicien<*y 
alumimiiu foil vapor barrier ami fully restore the 
interior ftttish, Sheet rock will take any paint or wall 
patHT tlecoration. 
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New York 


Wood Conversion Company 


First National Bank Building, St. Paul, Minn. 


Chicago 



Tacoma 


Dall \s 


BALSAM-WOOL AND NU-WOOD INSULATIONS 


BALSAM-WOOL 
Sealed Insulation 
Acoustical Blanket 
Sound Deadening 
Industrial Insulation 
Refrigerator Insulation 


NU-WOOD 

Kolor-Fast Tile 
Kolor-Fast Plank 
Kolor-Fast Board 
Kolor-Fast Wainscot 
Kolor-Fast Sheathing 


NU-WOOD 

Lath 

Roof Insulation 
Industrial Insulation 
Refrigerator Insulation 
KOLOR-TRIM Pre-decora ted Moldings 


BALSAM-WOOL — The Double Value Sealed Insulation 


The basic rightness of Balsam-Wool insulation 
principles has been recognized for 19 years. Constant 
improvement has made this insulation an acknow- 
ledged leader. Today, the new DOUBLE-VALUE 
BALSAM- WOOL offers greater moisture protection, 
increased efficiency, and increased thickness. ^ In 
addition, Balsam-Wool SEALED insulation provides 
such outstanding Double Advantages as Double 
Sealing, Double Moisture Barriers, Double Wind 
Barriers, Double Air Spaces, Double Bonding, Double 
Fastening. 

Balsam- Wool is an insulating mat of fleecy wood 
fibers, enclosed between a protective covering of 
double layers of asphalted craft, chemically treated 
to resist fire, rot, termites and vermin — 92 per cent 
of the mat volume is dead air. 

Balsam-Wool SEALED Insulation is fabricated at 
the factory to a controlled density of 2.2 lb per cubic 
foot. The mat has a coefficient of 0.246 Btu per hour, 
per square foot, per 1 degree F difference in tempera- 
ture, per 1 in. thickness. 

As applied, factory efficiency is assured. The 
Spacer Flange on each edge folds over and is fastened 
to framing members with a staple hammer, assuring 
important air space front and back. 

Double-Value Balsam-Wool is available in two new 
increased thicknesses — STANDARD and DOUBLE- 
THICK, in widths of 16, 20, 24 and 33 inches. Wall- 
thick Balsam-Wool is available in widths of 16, 20 
and 24 inches. 



Balsam-Wool Spacer Flange 



Application is quick and easy 


NU-WOOD INTERIOR FINISH— STRUCTURAL INSULATION 


Nu-Wood Kolor-Fast and Sta-Lite 
Interior Finish (Tile, Plank, Board and 
Wainscot) is applicable either to new con- 
struction or to existing buildings. It offers 
varied and pleasing decoration, also insu- 
lation and acoustical value. 

Nu-Wood Insulating Lath has several 
times the bonding strength of wood lath — 
continuous surface eliminates dirty lath 


marks, reduces cracks, V-joint resists 
trowel pressure in both directions assures 
unbroken insulation value. 

Nu-Wood Insulating Sheathing is 
surfaced on both sides with double coats 
of special moisture proofing compound. 
Large board — speed erection- stronger, 
windproof, insulated construction. 
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OWENS-ILLINOIS 



Owens-Illinois 
Glass Company 

INSULUX PRODUCTS DIVISION 

Toledo, Ohio 

Dealers in All Principal (Cities 


Insulux Glass Block Give Better 
Control of Interior Conditions 

Insulux Glass Block are hollow, partially evacuated 
block, lijs inches thick, with ribbed or paltcrneil 
faces. Laid up in mortar in solid panels, they form 
a lij*ht»transmitlin>i area that also offers high insu- 
lation value. Proper use of Insulux (Mass Block 
results in belter control of interior conditions, and 
therefore greater efficiency and lower initial and 
operating costs for cooling and heating plants. 








Better Insulation 

'I'he crosh'Strtiim ilrawing aliove shows 
why Insulux ( Mass BUn'k panels give higher 
insulation than ordinary light transniitting 
areas. The glass bhn’k, partially evacuatecl 
and with thick ta<*es, lower the con- 
ductivity and solar heat transmission of 
the light -transmit ting area. Air inhltra- 
lion is eliminatetl. 11ic better insulation 
provided by Insulux is a factor in planning 
air corulititining arnl hearing e<iu{pntent 
and oiK*rating costs. 


Lower Heat Transmission 

Tests on conductivity of Insulux (Mass 
Block show that the heat transmission of 
Insulux is approximtUely the same as for a 
concrete wall H) inches thick or a brick 
w'all H inches thick. The U factor for 
smooth face block i.s .MO Btu per s<i ft 
per hour per degree dilTereuce in (empora- 
ture. For ribbed block, the U factor is 
.40. This test data is available for inspec- 
tion by engimxTs. 

Reduction of Solar Heat 

In a comparative test of solar heat trans- 
mission, a single gla/.ed steel siish trans- 
mitteil 04 per cent more heat than an 
Insulux panel. As with Siish, however, 
Insulux panels transmit less solar heat it 
jiroperly oriented ami well shaded, 'fhere 
IS variation in the solar lieat transmission 
ot different tlesigns ot Insulux <lata will 
be furnished on reipiest. 

DesignB^ Sizes, Erection 

There arc II designs of Insulux for both 
residential and imlustrial uw*. Block 
available in tlirc(‘ si/e.s. PaneKs are easily 
and <|ui<‘kly erected by bricklayiTs. We 
will glatlly HUiiply any technical inlbi - 
matioii and advice on inst.illatums on 
request. 





I TlSulcitiOTl • Glass Blocks 


Pittsburgh Corning Corporation 

Grant Building, Pittsburgh, Pa. 

Distribution through Pittsburgh Plate Glass Company warehouses in 
principal cities and by the W, P. Fuller Company on the West Coast. 


B Glass Blocks allow the economical 
use of large glass areas, reduce heat 
loss in cold weather and materially 
aid air-conditioning. This is because each 
PC Glass Block contains a sealed-in dead- 
air space that is an effective retardant to 
heat transfer. 

Thermal Insulation 

Tests run by nationally recognized labora- 
tories have established the value of glass 
blocks for insulation of light-transmitting 
areas. These tests have proved that with 
glass block panels, heat loss is slightly less 
than half that experienced with single- 
glazed windows. In computing heat losses 
through panels for most design purposes, 
it is recommended that a "U” value of 
0.46 to 0.49 be used for all block sizes and 
face patterns. For complete data on heat 
transfer values see the section on heat 
transfer elsewhere in this Guide — page 111. 

Surface Condensation 

Due to high insulating value, condensation 
•will not start forming on the room side of 
glass block panels until outside air has 
reached a temperature much lower than 
that necessary to produce condensation on 
single-glazed windows. The accompanying 
chart shows at what temperatures con- 
densation will form. 


Outdoor temperature required to produce 
condensation on the room side surface of 
PC Glass Block panels. 



For example, with inside air at 70 F and 
relative humidity at 40 per cent, condensa- 
tion will not begin to form on the interior 
surfaces of a glass block panel until an out- 
door temperature of —14 deg is reached. 


Under similar conditions with single-glazed 
sash, moisture will begin to form when the 
outdoor temperature reaches +33 F. 

Solar Heat Gain 

The use of glass blocks for light-trans- 
mitting areas results in a marked reduction 
in total solar heat gain as compared with 
ordinary windows. This factor is of con- 
siderable advantage in buildings that are 
properly air conditioned, but does not 
eliminate the need for adequate ventilation 
or shading in non-air-conditioned rooms. 

For data on solar heat gain through glass 
blocks see the table in the solar radiation 
section of this Guide — page 149. This 
table is for standard pattern glass blocks. 
Where LX-75 blocks (with Fiberglas screen 
insert) are used, these figures may be re- 
duced approximately 30 to 40 per cent. 

PC Glass Blocks Aid 
Air-Conditioning 

The three chief aims of air-conditioning - 
temperature control, humidity control and 
cleansing of air are all aided by the use of 
PC Glass Blocks. Heat loss is less in 
winter— heat gain is less in summer. Ideal 
humidity conditions arc much more easily 
maintained without undue condensation. 
Solar heat transmission and radiation are 
reduced. Dirt can’t filter in, for each panel 
is a tightly sealed unit. 

Sizes and Shapes Available 

PC Glass Blocks are 
available in eight at- 
tractive patterns, 
some of the patterns 
being designed for 
special control and 
direction of trans- 
mitted daylight. For 
complete informa- 
tion on the sizes and 
shapes of (ylass 
Blocks, and for illustrations of the many 
patterns available, write the Pittsburgh 
Corning Corporation, Pittsburgh, Pa., or 
call the nearest Pittsburgh Plate (»lass 
Company warehouse. 

• • • 

Additional technical data, including <lc- 
tailed figures on thermal insulation, solar 
heat ^ain, surface condensation, light 
transmission and construction data, will 
be furnished on request. 
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Insulation • underground 


^DSCO 

P R O D U C 1 S 
for STEAM 
SERVICE 


A merican D istrict S team C ompany 

North Tonawanda.N.Y 

IN BUSINESS OVER SIXTY YEARS 
Branches and Aj^ents in Principal Cities 



I'ilr {\mdnit with Filler hisulalinn - 

il "Fih'mhts" Fftnlutl 



Ktul Hrand ll'fto*/ I'nsnm 



htlnnnlly (iindrd JuitU 



OVER SIXTY YEARS EXPERIENCE 
IS BUILT INTO THE OESK^N AND 
MANUFACTURE OF DEPENDABLE 
ADSCO PRODUCTS FOR PIPE LINES 

For <ner sixty years ADSCO en.^ineers 
have 8peciali/e<l in the dcsii^n and appli- 
cation of pipe fittings and accessory equip- 
ment for underground and surhice steanir 
water, oil and other piping systems. An 
extensive, modem plant including foundry, 
machine shoi>, casing mill, shipping and 
St orage facilit ies enable ADSCX ) to produce 
high gratle products by skilled workmen 
under expert supervision. 

LEADING MAKERS OF 
EXPANSION JOINTS 

As pion(‘er manufacturers of e.vpanHion 
joints for pipe lines, AI)S('0 is the largest 
single prodiK'er of such equipment in the 
world. We offer the most extensive Iint‘ of 
packless and slip type joints in various 
types to meet the re(iuirements of any pipe 
line e.\pansion and contraction prolilem. 
In athlitioii, ADSC'O produces all ot the 
related e<iuipmont necessary to the perma- 
nent installiition of eflicient pipe lines, 
incliuling tih‘ conduit and wood casing for 
underground lines, pip<‘ supports, saddle 
plates, alignment guides, steam traps, con- 
densation and flow meters, storage and 
instantaneous witter heaters, strainers, 
inanlmle frames, and vaiKir heating spec- 
ialt ies. 

ENGINEERINC; ASSISTANC3K 

ADSC'O engineers welcome the oppor- 
tunity of working with industrial plants, 
utility companies, colleges, institutions, 
and g<permuent departments in the solu- 
tion of their pipe line <^\pansion and con- 
traction problems and corresporulence is 
invjieil giving the ilelails of any proi>o.sed 
piping installatUHi, 



I'ypr Jomt 


WRITE FOR AOSeX) GATAIXX; No. 35 

All ADSC't ) products art* illustratiMl and 
tlescribed in the latest ADSCO ('atahig 
f*Jf) containing <»ver p,iges ot 

intormative <lala for the stieci heat ion and 
purchase oi dependable products tor 
undergrouml or snrtace pipe line distri- 
bmitni systems. Write for your cops 
totlay to (he Ameriean Distriet .Steam 
t'ompany, 05 Bryant St., Xortli 'r«»na' 
wamia, N’ew York, 
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H. W. Porter & Co. 

incorporated 

Newark, New Jersey 

Permanent Protection and Insulation for Underground Pipe Lines 
BALTIMORE. MD. CHARLOTTE, N. C. RICHMOND, VA. WASHINGTON. D. C. 




ACG VS fiArof*‘ 


STEAM 

CONDUIT SYSTEMS 

For Central Heating — Therm-O-Tile 
is a complete conduit system for the per- 
manent support, protection, and insulation 
of the underground mains of a central heat- 
ing system. 

Ftg. 1 



Tile 
Envelope — 
Arch tiles are made 
6 in. to 24 in. in diame- 
ter, and with 5 different size base tiles they 
produce 27 different conduit cross sections. 

Foundation— The base of the system 
is a thick concrete slab poured directly in 
the trench bottom, reinforced with steel 
when installed over a filled or boggy 
ground. See Figs. 1, 4, 6 and 7. 

Drainage — ^I'he drainage system of the 
conduit is entirely internal, accurately and 
permanently sloped, open to inspection at 
manholes, and of ample capacity to keep 
the pipe space dry at all times without any 
possibility of becoming clogged with silt or 
vegetation. See Figs. 6 and 7. 



Fig. £—Pipe Support Fig. S—Fipe Support 

for Single Pipe. for Three Pipes. 

Pipe Support — All pipes are supported 
on cast-iron adjustable supports resting 
directly on the concrete base independent 
of the tile envelope. Figs. 2, 3, 4, 6 and 7. 

Accessibility — All piping is installed 
before tile is placed, giving complete ac- 
cessibility for welding, testing and insu- 
lation. Pipe fitters work on convenient 
concrete slab “walkway.” Figs. 1 and 4. 

Strength — Due to immovable concrete 
base and arch construction of extra heavy 
tile members, this conduit will sustain any 
roadway traffic load usually encountered 
without extra reinforcement. 


Insulation — Either sectional pipe cov- 
ering or Thermobestos waterproof fibre 
filling may be used for insulation, as the 
insulation space is kept dry at all times, 
by the internal drain. 

For single or double 


usually more full thickness of insulation 

economical in between pipe and roller. 
first cost. See Figs. 6 and 7. 

Waterproofing — Under normal soil 
conditions, this conduit is waterproof. If 
marshy ground or partially submerged 
conditions are encountered, the conduit 
may be made completely waterproof by 
the use of membrane waterproofing applied 
under the slab on a sub-base and carried 
completely over the tile envelope. 



Fig. 6— Anchor Block. Fits directly in line 
with Base Tiles. 


Efficiency — The degree of thermal 
efficiency secured depends upon the tyi:« 
and thickness of insulation used. This 
conduit, due to its sealed air chambers in 
the tile and dry insulation space, adds to 
the normal efficiency of the insulating 
material on the pipe lines. 
Representatives — Therm-O-Tile is also 
sold and installed by Johns-Manville Con- 
struction Units located in all principal 
cities. 


pipe lines, sectional 
insulation of econom- 
ical thickness is 
recommended ; 
for multiple 
pipe lines, a 
filler type of 
insulation is 



77, ’(7 





Pig. 6— Single or Double Fig. 7-^MuUiple Pipe 
Pipe Lines Using Sec- Lines Using Filler Type 
tional Pipe Insulation. Insulation. 
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The Ric-wiL Company 


AftcntvS In 
Principal (Utios 


CONDUIT SYSTEMS FOR UNDERGROUND STEAM PIPES 
ITnion Comiiicrci- Bids-, Cleveland, Ohio New York, Chicago, San Francisco 



KSFABLISilhl) IN 


Ric-wiL Insulated Pipe Units Pre- 
tiibricut c< 1, " weiilcil, reudy - to - insl<ill 

units, ideal tor speed and economy. 
Armco Iron ('onduit is (he foumlation 
mipportin^ heavy asplialt shell of any 
desired thickness a permanent housini; 
for the insulated pipe which is surrounded 
with a protective air-space. Ample struct- 
ural streuRth, liuhlweiuht and watertight. 
Furnished in any lengths, lor single or 
multiple pipes, with any kind of steam 
pipe or insulation, for underground or 
ovHTheatl steam lint‘s. Welded couplings 
list'd if preferretl. Writt' tor latest l-nit 
Bullet in. 

Types of Sectional Conduit Ric-wiL 

SuperTileC'tuiduit, shmvn below, with I )ry- 
paC: Insulation, is an extra weight, heavy 
<lu(y system designed tor use under high- 
way tratiic or in e.spt'eially wide or deep 
trenches. Vitrified tile, split on the job, 
with Loc-liP Side joints, interlocking con- 
struction throughout. Same ilesign also 
furnished in standard weight tile ( I ype V I 
Tile is bell and spigot design, hne<l or im- 
lined, and comes in 24 in, st'ctions, 4 in. to 
*27 in. inside iliameter. For extra heavy iluty 
uiuler railways, Ric-wiL is nuule ot cast 
iron in 2 of 4 foot tu'Ctions. Where con- 
tinuous concrete base, poured on job, is 
ilesired, and reduced labor cost not cssim- 
titil, Ric-wiL Universal Tyjie System is 
recommemled, Kach system supplied 
complete with proper piiH' siniiKirts, acces- 
sories, ami insulat ion as sjKHUhed, S<?parate 
bulletin on any one of those Ric-wiL tyiies 
supplied on reipiest. 




Base Drain- Standard Base Drain is 
vitrified salt gla/.ed tile for tile conduit and 
extra heavy tile or aist iron for the cast 
iron conduit, in 24 in. lengths.^ Made in 
three sizes to support and drain properly 
all comluit sizes. 

Insulation Ric-wiL Dry-pa(' Water- 
proof I insulation is high-grade long fibre 
asliestos, specially processe<l. Any grade 
ot commercial hand packed insulation can 
be furnishe<I, also sectional pipe covering. 
For lined comluit, diateomaceous earth 
mixture is molded ami keyed inside the 
tile. 

En^tlneerinjt Service - F ull coopera- 
tion with architects and enjjineers* In- 
stallation supervision if dcsinxl. Write 
for ('atahig Bulletin with valuable under- 
ground data. 
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Ingersoll Steel & Disc Division 

Borg-Warner Corporation 


310 So. Michigan Ave., Chicago, Illinois 





cooler in the shade! 


' StmSc^tsen 


Distributors in the Principal Cities 


A Metal Fabric for Screening 
Windows that Reduces the 
Solar Load in Sun-Exposure 
Rooms as Much as 80 to 85 
per Gent. 


KOOLSHADE is still considered a new product, but more 
than 10,000 installations — in every knid of building, from 
giant defense plants to small dwellings — attest the 
acceptance it has already had. Made like a tiny bronze 
Venetian Blind . . . with minature slats fixed at a 17 degree 
angle to screen out sun heat and let in soft, glareless light 
. . . KOOLSHADE is unlike any other product. 

KOOLSHADE has had such ready acceptance among 
Air Conditioning Engineers because it offers the highest 
efficiency in cutting down the Solar Load — and does this 
without shutting off light or vision, 

• By stopping 80 to 85 per cent of the Solar heat outside 
the window glass, KOOLSHADE often reduces the 
original cost of air conditioning equipment. 

• It saves in operating cost — as much as 25 to 50 per cent 
where there are large windows. 

• It reduces the need for zoning for sun effect. 

• It forestalls complaints due to extreme sun heat. 

• It maintains lower temperatures in non-cooled rooms. 



Plaza Hotel, Corpus Chriftli - 
Engineers report KOOESIIADJC 
saved on first cost of air con-- 

dittoningr monthly on operation. 



KOOLSHADE 

SUN LOAD 19 PER CENT 


Automatic Sun Shade — KOOLSHADE is always 
in position . . . functions automatically . . . protects 
most when needed. The flat horizontal wires, held 
at a FIXED angle of 17 deg, fully stop direct heat 
rays when the sun is 38^2 deg or more above the 
horizon — the heat of the day in all seasons. KO()L- 
SHADE gives sun-exposure rooms the elTcct of cool 
“north” light. 

♦Registered Trade Mark — Property of 
Ingersoll Steel & Disc Division, 

Borg-Warner Corporation. 


SUN HEAT TRANSMITTED TIIROUCHI WINDOWS 



AvmingatnUse Outside Venetian Inside Venetian 
Sun Load Blind or Shutter BUrtd 
SS Per Cent to Sun Load Sun Load 
ift Per Cent SS Per Cent 58 % or more 
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Ingersoll Steel & Disc Division 


Insulation • -screens 



Economy. KOOLSHADIv is stroru^ 
toujih and should last for many years 
Nothin}' to rot, rattle, or blow olf. 

Other AdvantaftOvS include full insect 
protection free ventilation, reduction of 
tadin^^ of talincs, and fire-safety. 

Specifications of Fabric. Made ot 
nne <|uali(y Iiron/e, with 17 horizontal 
wires per in. and vertical wires spaced i 
in, apart. In widths ui> to 72 in. ! 

Framinft and Installation. Framed 
and installed like onlinarv in.sect screens 
hrames may be either wood or metal 
always full lenj'th and al\v<iys outside the 
window glass. Ke-wiring of present screen 
trames is entirely practuid. 

Where to Biiy. Authorized KOOI.- 


SliADK distributors and dealers in all 
principal cities offer adeijuate facilities to 
a.ssure correi'f frame design and iironer 
installation. 

'^"^chnicM Proof of Performance. 
Keports of independent tests and calcu- 
ex'idence of I\()()L- 
MiADF/H efficiency (one table from a 
report by the Pittsburgh Testing Labora- 
tory is refiroduced below). Of i>arlicular 
inUTest is a recent comiiarison test by 
V lyde k. Place, noted New \^>rk engi- 
neer, showing effect of KOOLSIIADK on 
the operating ccKst and efficiency of air 
conditioning. 

hull Literatures including these re- 
ports. will be sent on retpiest. 


DAI A I‘ROM PITrSBURCn TESTING LABORATORY 

I'HOM NATIONS BAsm> ON ACTVAjrrZrs 

Solar Radiation Transmitted Throufth Windows 

V ... . , KOOLSIIADE Sun Screen 

or CjJ. atitude, on July 2l8t A«flSur«.ttlvcnri-pri‘wnt B.l.u.iH-riio.ft.piTliour. 

yTIMh>! 8()L\R R.M>UTI<)N ' NK 

KAST j SK SOUTH 


6 AM ' Innilont t«) Vfftic.il SuOiwm* {,[) ' 7^ 

...Jlfiiltz TfanHmJnrd thru Window wiih KOOLSHADI- u 

! «o , .'hi ' 

' 38.5 U 

6 PM 

7 AM fnndfnt to ViTtir.il S«ri.u'«‘ ~i — 

thru Wlndnw with K(KU.S»AI>K S 

' tw f tlL‘ 

' hO.5 Z2 

5 PM 

SAM to Wui.-.ii Surtan* — 

Z?L-.- Jwmimd thru Window with KOOlSflADK i 7 

1 -SI ; ir,r> n 

42»5 ; ,20.5 0 

(PM 

9 AM Idoiu to WrtHMl Suitari* km 

T«rt«mittod thru Window with KUOlSHADK s 

IUL‘ ' KIH *KI 

22 I 17 i 

3 PM 

10 AM m VDtmJ Sumu-n JtT" 

Tr*»«i*«*itted thro Window with KOOhSIIADK f « 

Ida ' irio 77 

11.5 ; u 4 

2 PM 

11 AM Iiwidftit to VrrtUal .Siirtare 

.. J>«tt%»iHrd thru Window with KOOlSHADK 

?:> iiM {lo 

A. 5 H,5 ,5.5 

I PM 

PM ; 

* ! 'i’«tt«ittittr4 ^ with KOULSIlADK 

- 78 KW 

« < A 

12 M 

NW j 

WKST 1 SW SOUTH <TIMK^ 

(I» I)*in from the (juidr I9i0. 

Ui S«l„ H«. <i.ta i„ EXCKSS o( h,.l Sm b, i\»». 
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Libbey * Owens * Ford Glass Company 

Nicholas Building, Toledo, Ohio 
BLUE RIDGE HEAT-ABSORBING AND GLARE-REDUCING GLASS 


What is Blue Ridge ABXO? 

Blue Ridge AKLO is a blue-green heat- 
absorbing and glare-reducing glass which 
is unique in its low expansion and high 
solar heat absorbing properties. It is 
unusually successful in commercial build- 
ings and industrial plants, while its glare- 
reducing qualities, when frosted, are equal- 
ly important in promoting employee 
safety and increased production. 

AKLO Resists Thermal Shocks 

AKLO industrial glass cannot be com- 
pared with ordinary glass in heat absorp- 
tion or expansion characteristics. Its 
coefficient of expansion is .0000040 per 
degree Fahrenheit — ^approximately 20 per 
cent less than ordinary glass. Its use 
provides a positive reduction in room and 
shop temperatures, creating more com- 
fortable working conditions. Frosted 
AKLO, in J^-inch thickness, absorbs 
approximately 48 per cent of the solar 
heat. 


Provides Many Indirect Savings 

Indirectly, FROSTED AKLO Glass, by 
its glare-reducing quality, provides addi- 
tional savings in the shape of reduced 
rejections, decreased errors on the part 
of workmen and substantially improved 
working efficiency. 

Improves Air Conditioning Efficiency 

Because it eliminates up to 48 per cent of 
the solar heat, AKLO Heat-Absorbing 
and Glare- Reducing frosted glass increases 
the efficiency^ of air conditioning cciuip- 
ment. This is particularly important in 
commercial and office installations for it 
not only makes it easier to attain a more 
even temperature and humidity, but 
results in more satisfied owners and 
customers. 

Additional information is available from 
your local L*0'F Distributor or by writing 
direct to the Blue Ridge Sales Division, 
LibbyOwens-Ford Glass Company, 
Nicholas Building, Toledo, Ohio. 
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Libbey • Owens • Ford Glass Company 

Nicholas Building, Toledo, Ohio 

WINDOW CONDITIONING (Double Glazing) FOR HEATING E(30N0MY 


If America’s 37,000,000 homes were Window Conditioning, however, means 

insulated with Window C'onditioning, far more than a retluctioii in fuel bills. It 

(double sash or storm windows and doors) eliminates cold drafts . . . reduces to a 

as well as wall and attic insulation, the minimum the possibility of window fog- 

nation’s fuel bill could be reduced by as ging ... is essential to satisfactory winter 

much as $1,()0(),000,000, according to air conditioning with its higher healthful 

government stativSticians. ^ humidity. It keeps the inner pane rela- 

Every heating and ventilating and air tively warm even though the outside glass 
conditioning engineer knows the enormous is as cold as the outside atmosphere- *’ 
potential savings available with complete reducing to a minimum the condensatioit 
insulation. With Wintlow' C'onditioning on the inner pane. 

alone, evicting tests have shown fuel Window C'onditioning is made possible 

reductions as much as 24.2 per cent (see by a wide variety of double windows and 
table below), it is possible to match practically every 

Today, insuIation <)f homes, commercial style of window without sacrificing visi- 

buildings and certain industrial plants is bility. Types range from the ordinary 

more important than ever before. With low-cost, single pane, hook-on storm sash 

the need for reduced fuel consumption, to more elaborate prefabricated storm 

complete insulation is the ideal solution windows with remov^able glass sections for 

for a large portion of our <lefense stivings. easy cleaning from the inside. 

Thin Table Slums Fuel SavinRs and Comparative Heating Costs of Four Types of 
Uouu's leith and teitlwut Windmv C'onditioning and Insulation, 



•» taUrtuiriwk 


All IdbheyOwen^'Ford Distributors and Dealers have complete Window 
Gonditionin^ information* Ask them about it, or write direct to the 
hibbey Owens* Ford c;iass (Company, Nicholas Building, 'Foledo, Ohio. 
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Publications 



232 Madison Ave. 


Lex. 2-4566 New York, N. Y. 


San Francisco 


Don Harway & Co. 
420 Market St. 
Exbrook 6029 


Mid-West 
A. E. Delgado 
811 Michigan Ave. 
Evanston, 111. 
University 7550 


Baltimore 

Candler Bldg. 
Lexington 7005 


Established in 1928 as “OIL HEAT," this paper 
covered the manufacture, sale, installation and servicing 
of oil burners its first 7 years. In 1935, its title was 
changed and the editorial content expanded to cov'er air 
conditioning and heating also. This inspired and kept 
pace with the field itself. 

Oil burner manufacturers and dealers, being progressive 
in both merchandising and technical problems, dominate 
air conditioning in many sections. Oil fired heating and 
air conditioning has grown steadily in public favor. 
2,400,000 burners are now operating in the U, S. A. and 
our readers are servicing them. 

Of the 13,358 oil burner dealers, 7,1 13 handle air con- 
ditioning. We reach them and also fuel oil dealers, 
heating contractors, accessory jobl)crs, manufacturers, 
etc. Member, CCA. Total Average Edition shown in 
May, 1941 Report; 16,643 Copies. 

Subscription price: $3 a year. Issued monthly. 

Many fine booklets and reprints on all phases of oil 
burners, heating and air conditioning are available at small charges. 

Advertisers find this paper a profitable advertising medium. We also have a “ Direct 
Mail Service” covering our readers at low cost for advertisers. Our Beacon 1'rad(‘ Li.st 
Division sells excellent lists of oil burner dealers, furnace dealers, heating contractors, 
etc., at low prices. 



Largest 
Effective 
Circulation in 
the Fields yet 
10% Lotoer 
Rates and Best 
Results. 


BEACON BOILER REFERENCE BOOK 


Contains data on 7116 Heating Boilers and Boiler- 
Burner Units. Up to 2000 sq ft Steam and Equivalent 
Hot Water. Covers 195 makes of old, new and obsolete 
boilers. (405 trade names). 

554 pages; in. thick; in. x 5-^ in. Handy for 
pocket, desk or brief case. Eliminates bulky files. 

$3.00 per copy; $3.25 if sent COD. 

A ^ necessary reference for everybody working with 
heating boilers and boiler-burner units. Data include 
ratings, firing rates, combustion chamber measurements, 
heating surface, floor area, base height, chimney and 
smoke pipe data, etc. 

Also given in the listings are the trade names or 
numbers of the various series made by the manufactuers; 
in most cases of older boilers, the date of the catalog and 
whether it is obsolete; location or disposal of manu- 
facturer; in many cases the source of parts. Shape of 
boiler, and whether steel, cast iron, etc., also given. 
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PiMicaiiom 


American Society of Refrigerating Engineers 

50 West 40th Street, New York, N. Y. 


REFRIGERATING ENGINEERING 




T/i« most 
rapidity 
growing 
magazine 
in the 

refrigeration 

field 



REPRKGERATINC; RNCINKKRING’.S 

C IKfM’LA'riON Imh iiUTi'an***! mon- 
than ]H*r (H'iU fnnn Jan. 1, to 
Sc{)t. I. liMI. Loiik arknovvlcflptl tin* 
nuiht aiitliciritativc in tiu* Ml, 

it h<i.s aihlcd stcadiK to tin* prarticiil valu<* 
of t(h (*ont<*rt(s. atitl its nunihor of mulorh 
luih Knmn in pntiKirtioii. A uhlo varh^ty 
of material in pieM*iitiHl, 41II friiin tin* view- 
IMiiiit of its UH'fulncss to the rea(l<*r in his 
own buHn(*ss. ftuprov(*(l in format ami 
aptKMnii;iU'e ill UMl. this nuiga/itie Isa Mint 
for ni(*n who kivp in toudi witli all that is 
new ami iinporttint in reft iteration ami air 
('cmditioitina. 

TiiR rkfki(;kratinc; data book 

T iik kkkki(;ki<atin<; data 

HOOK Is now an <*ssenlial tool in the 
ri*friK(*r<ttion ami air nmiiitioniiiK imhis- 
tri(*s. Kdithms ha\e tiis*n puhlihlnsl in 
\m, \m\ ami \m. The WHO 

Ktlition (X'oluine II) is rntirely different 
from an>' prinnsIhiK volume. It eonMst> 
W‘holl> of pnirtiVahhow'-it isshmeehuiiterh 
on ail tile known applks'itioiih of air <*oit' 
(litioninu ami ri*friKeiat ion. 'Hiih Appiini^ 
thns Hdithti eairit*s iiiforin.it ion of a 
seientihe ami |tctpular nature to the M*or(*h 
of imlustin*^ iisiitK n*friKeration |irmn*hM*s« 

The UM*J Kilitioii of the Data Hmik, now 
U^iuK eotiipiltMl, will nunhim* the material 
ineluiieti in \'olunies I and U, «i/id will nive 
the latest infoiniation avaiUhle in all 
braueh«*s of tin* n*fri}((*ratiott ami air e<m- 
ditioniiiK tield. With all emitents entirely' 
rewritten ami tirou|jht up to dtiie, this 


volume wnll la* off the press llu* .suninur 
of \m. 

APPLICATION data BULLETINS 

A n oufstandiim addition to KKFKK^ 
ICRATINf; KNCUNKKKINC; sinct* 
lOm) is the APPMCA'riON DA'FA Bui- 
letins which appe^ar regularly in itich issue. 
'J'heM‘ bullet ms are <iIm) availabh* 
ral<‘Iy at n^asonable prices for single copiers 
or ciuantitv orders. 

The APPLK'A'riON DATA Bulletins 
tell pn*cis(»lv how refrig(»mtion is u«*d in 
various liehls, giving e.\aniples and spi^idtlc 
information 011 the la^st imictice up to date. 
Some of these siibj[ects have bei'H wiventl 
to dat(»: n^frigenition of hx'ker plants, of 
restaunints, of liriuids, of applies and (H*ars, 
blower coils in refrigenition, humidity in 
refrigeration, refrigertition service^ charts, 
n‘frig(ration for skating rinks, butter and 
chtH'se making, milk plants, retail stones, 
citrus fruits, Isht disixmsing, ndail h(or(*s, 

• wine making, shi|K ston^, load ralcii* 

. lations, oix*ration of ammonia inuchim^, 

, how* to figure air naiditioning, etc. 

(X)I)£S AND STANDARDS 

T IIIC A.S.R.K. further (^intrilmtes to 
n'frigeration^ pr( 44 r(»ss Iiy its tKtrdVi- 
> iKition in cs>tablishing (Hsles and standards 
; 111 tlu‘ industry. Among (h(» ivct^nt cHsh^s 
made available are: No. 1,S Kitting ami 
t T(*sting Air (\)nd it toning l{<(uipinent ; No. 

I M Rating and Testing Mechanical (\m- 
derising rnifs: No. JTt Mechanical Re- 
frig(*ration Siifety ('(sle; No. 10 Rating 
and IWting .Si^lf-C'oiitaimsl Air (^mdition- 
Ing Dnits; No. 17 Rating and Testing 
Refrigi*ranf I*AiKinsion Valves; No. IS - 
Testing Drinking WatiMr C'tsilers; No. H) 

■ Standard Water (Nmtent Limits for 
Refrigeniting .Sj'stem I ‘arts; No. 20 
T<*Hting and Rating Kvaisirative C’on- 
densi*rs; No. 21 Ti*sting and Rating Milk 
('iKilers. 

MEMBERSHIP A<nTVmES 

I T is the (K)lic>* of the A.S.K.K. to tmit in 
Its mcHdings ciirn*nt subjirls touching 
umai all phas(*Hof the art of refrigc*ration. 
MemlHTsliip is in two gratl(*s with dues 
fnmi S7.r)0 to $ iri.tK). Sirt ions hold iiui't - 
ings in the following cith*s: Boston, New 
Yix'k, niiladelfihui. Ih^troit. dticago, Mil- 
wauktHsSt. laiuis, I.os Angeles, Baltinion*' 
Washington, Kiehniond, INttslmrgh, (*in< 
einnati, Cleveland, Kaiis.ts (*iiv, ami 
I'tica, N. W fCeniral New Voi'fc State). 
and air canditionlnU^ read the 


To keep apace with progress fn 

pabilcations and Jollme the actfvities of THE AMERICAN SOaiET^Y OF 
RSFRKiERATINa FMOINEERS, $0 West mh St.. New York. N. Y. 


1125 




Publications 


American Artisan 

Published by 

KEENEY PUBLISHING COMPANY 
6 North Michigan Avenue, Chicago, 111. 


A merican 
ARTISAN, now 
in its 63rd year of 
publication, covers the 
field of warm air heat- 
ing, residential air con- 
ditioning, and sheet 
metal contracting. A 
special section of each 
issue has been devoted 
to air conditioning 
since 1932, when it first 
became apparent that 
air conditioning for 
homes was to be along 
the lines of the central, 
forced warm air heat- 
ing system. 

Its readers are warm 
air heating and sheet 
metal contractors, 
dealers, jobbers and 
manufacturers, and also architects, engi- 
neers, and public utility companies who 
take it for its thorough coverage of air 
conditioning for the home field. 

To answer the industry's need for 
a dependable guide to equipment pur- 
chases, it publishes in each January 
issue a complete and up-to-the-minute 
directory of warm air heating, air con- 
ditioning^ and sheet metal products 
and equipment. This directory lists 
all products used in the field, their 
trade names, and the full names and 
addresses of all manufacturers. It is 
used by readers as a bu5dng reference 
throughout the year. 

Almost from the day interest in resi- 
dential air conditioning began to develop, 
the advantages of the warm air type of 
heating system, with its duct distribution 
of air, were plain to see. It was adapted 
to all air conditioning factors, either 
through a self-contained central unit or 
through a central furnace to which could 
be added step-by-step or as a whole, fan, 
washer, humidifier, filters, controls, cooling, 
and automatic firing. 

^ Today, as a result of this ready adapta- 
bility as well as economy, tens of thousands 
of homes have winter air conditioning — 


supplied through forced 
warm air heating with 
air cleaning and hu- 
midification. Cooling 
apparatus can be at- 
tached to these sys- 
tems readily whenever 
complete, year- 'round 
air conditioning is de- 
sired. 

This trend in resi- 
dential air conditioning 
has placed a premium 
on air handling know- 
ledge, and has brought 
to the fore the one man 
experienced in “treat- 
ing" air at a central 
place and getting it 
properly distributed — 
the warm air heating 
and sheet metal con- 
tractor. The warm air heating industry 
has, furthermore, undertaken and made 
notable progress toward the solution of the 
many new engineering problems involved. 
All this has helped to put warm air heating 
in the center of residential air conditioning. 

In aiding to develop this trend and 
assist in the solution of new problems, 
AMERICAN ARTISAN has provided a 
service to its field which has made it the 
recognized authority on residential air 
conditioning practice. 

To manufacturers whose products are 
used in residential air conditioning, 
AMERICAN ARTISAN offers full cover- 
age of the leading buying factors. Such 
manufacturers are invited to write for 
complete information about this expanding 
market. 

AMERICAN ARTISAN i.s published 
monthly. It is a member of the Audit 
Bureau of Circulations and Associated 
Business Papers. 

Subscription rates— $2.00 per year, $SM 
for two years in U. 5,, Canada, Mexico, 
Central and South America. Foreign 
$4-00 per year. 

Advertising rates furnished upon request. 
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Publications 


Heating, Piping and Air Conditioning 

Published by 

KEENEY PUBLISHING COMPANY 
6 North Michigan Avenue, Chicago, IlL 


H eating, Piping 
AND Air Con- 
ditioning is the pub- 
lication which carries 
in each Issue the otTicial 
Journal ov t h k 
American Society of 
Heating and V'enti- 
CATiN(; Kn<;inkkrs in 
addition to its own 
regular editorial sec- 
tion. 

Its field is that of 
industry and large 
buildings. Editorially, 
it gives specialized at- 
tention to the tlesign, 
installation, operation, 
and maintenance of 
heating, i)iping, atul 
air comlitioning sys- 
tems in such plants 
and buildings. 

In atldition, there is publishecl in each 
January issue a complete Directory of 
Commerciiil and Industrial Ileating, Piping 
and Air Conditioning Equipment, which 
lists all products used in the field, their 
trade names, ami the full names and 
addresses of all manufacturers. This 
directory has l>cen established as the 
industry’s buying and specifying guide, 
and is consulte<l by readers throughout 
the year, whenever equipment purchases 
are up for consideration. 

H, P. ^ A. <^. is read by consulting 
engineers and architwts . . . contractors 
. , . ami engineers in charge of heating, 
piping, and air conditioning in industrial 
lants, large commercial and public 
uildings, federal, state, and city govern- 
ments, school boar<l« and public utilities. 
Among its subscribers are numberetl all 
members of the A.S.H.V.E., who represent 
about 3() f>er cent of its total circulation. 

Such a coverage means, for the adver- 
tiser, consideration at all points in the 
selling of a heating, piping, or air con- 
ditioning product , . . consideration in the 
selection of a product during the pre- 
paration of plans ami siiecifications; con- 
eideratUm in the actual purchase of a 
pro<luct for installation; consideration in 


the year ’round buying 
of a product for oper- 
ating and maintenance 
requirements. 

It has been evident 
for some time that the 
air conditioning field is 
made up of two dis- 
tinct markets: (1) In- 
dustrial and Commer- 
cial; (2) Residential. 

These two^ markets 
are different in equip- 
ment used ; different 
in engineering prob- 
lems involved, dif- 
ferent in engineering, 
distributing, and con- 
suming personnel . . . 
ro(iuire, therefore, dif- 
ferent selling jt>b8. 

To sell the indus- 
trial ami large building 
field for air conditioning, the manufacturer 
must win acceptance from the engineers 
who design, specify, install, operate, and 
select the system to meet the particular 
rcciuirements of the plant or building. The 
system may be central, unit, or split," 
but it is these engineers who are the in- 
fluencing or purchasing factors. 

It is to such groups that Heating, 
Piping and Air Condition! N(; editorially 
caters ■ exclusively in the industrial and 
large building field. Without waste, the 
manufacturer of air conditioning products 
and accessory e<iuipment, such as motors, 
drives, controls, etc., can reach through its 
pages those from whom he is seeking the 
necessary engineering acceptance. 

Manufacturers interfsted in this field 
can obtain complete information by writing 
to the atklrcsrt giv<*n above. 

HE.vnN(;, PnuNii and Am ('onditioning 
is a memluT of the Audit Bureau of C’ireu- 
latiouH and As.s(H:iated BuHines,s Papers. 

SuhsmpUon rates per year; 

far two years in f/. .S'., Canada, Mexico, 
Central and South Apnerica, Foreipi, 
per year. 

Advertising rales furnished upon reiiuesi. 
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Publications 


Coal -Heat 

Published at 

20 W. Jackson Blvd., Chicago, Illinois 


F or information on 
the sale and use of 
stokers, coal and coal 
heating equipment, 
you can turn to 
COAL-HEAT with 
complete confidence. 

Here is a magazine 
that appeals to every 
man concerned with 
the marketing and 
utilization of solid 
fuel and coal-burning 
equipment. Having 
long since recognized 
the extreme impor- 
tance of properly de- 
signed and efficiently 
operated equipment 
to the successful use 
of coal, and therefore 
to the welfare of the 
coal industry, COAL- 
HEAT constantly 
emphasizes and reiterates the significance 
of the “equipment factor” in solid fuel 
merchandising. It is only natural that 
COAL-HEAT was the first trade magazine 
to recognize and promote the small stoker; 
to introduce many new developments in 
coal-burning equipment to the coal in- 
dustry; to support the widespread use of 
dustless treatment in coal preparation; and 
to urge the sale of equipment by coal men. 

COAL-HEAT has at its disposal an 
almost unlimited number of sources of 
authentic information on the topics it 
covers; its articles are written by the best 
informed men in the coal, stoker and heat- 
ing industries. It enjoys quite a following, 
not only among the most progressive 
merchants in these industries, but among 
the coal industry’s leading combustion 
engineers. For a number oi years COAL- 
HEAT has championed the importance of 
the fuel engineer to the coal and stoker 
industries, and each year prints many 
articles /or and by fuel engineers. 

COAL-HEAT's fundamental editorial 
policy is “to further the more satisfactory 
use and increased sale of coal and modern 
coal-burning equipment. ” Therefore it 
follows that COAL-HEAT actively sup- 
ports the application of scientific and 
engineering knowledge to the burning of 
coal and the use of coal-burning equip- 


ment. COAL-HEAT 
also recognizes and 
calls attention to the 
importance of engi- 
neering knowledge to 
the sales of both fuel 
and equipment. It 
has directed its edi- 
torial program to 
both the merchandis- 
ing and utilization 
sides of the coal, 
stoker and heating 
industries, btdieving 
that the two arc in- 
separable. 

With nearly a mil- 
lion stokers in use 
today, the impor- 
tance of C 0 A L - 
HEAT’S field is clear- 
ly evident . Each 
stoker installation in- 
volves both a sales 
and an engineering problem. It has been 
and is COAL-HEAT’s job to supply cotil 
and stoker men with all of the infonmition 
they need to insure satisfaction for stoktT 
users. The same is true with hand-fir<‘d 
heating plants and all kinds of housidioUl 
and commercial coal hetiting eejuipment. 
COAL-HEAT does not specialize in heavy 
industrial or central station stokers and 
coal burning problems. 

In addition to providing its readers with 
an authentic and diversiru‘d editorial prt)- 
gram, COAL-HEAT also publislu‘s a 
number of books and booklets, manuals 
and reprints covering a wide rangi* of sub- 
jects of interest to coal, stoker and h(‘ating 
men. These are available at small cost. 
At the beginning of each year it also pul)- 
lishes a new and revised list of stoker 
manufacturers, complete in every dt^tail. 

Four special issues arc printeil (*ach year: 
the Market Data Issue for January; the 
Spring Stoker Number for April ; the A nnnal 
Merchandising Number for August; and 
the Combustion Number for NovimilxT, 

Subscription ratcs—Sl.OO a year; $2.(M) 
for three years. Kates apply for both 
United States and Canada. Foreign rates 
— S2.00 a year; $4.00 for three years. 

Advertising rates and other informal ion 
will be furnished upon rcquc.st. 
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Publicaiions 


“FAN ENGINEERING” 

FOURTH EDITION 

BUFFALO FORGE COMPANY 

F-Jroadway, Buffalo, N. Y, 


AN ENGINEER’S HANDBOOK on 
Air, Its Movement and Distribution 
in Air C^onditioninj^, (Combustion, 
Conveying and Other ApplicationsS 
Employing Fans. 

With thousands of copies of “FAN 
ENGINKKRINC;” in use, orders for 
the Fourth Edition of this accurate 
handbook on air engineering con- 
tinue to arrive. 

Because it contains complete in- 
formation on the movement, condi- 
tioning and application of air in a 
large variety of services “FAN 
ENCHNEERINXi” belongs on your 
desk. 



PAR'r I Physics of Air 

Properties <i|^ Air: Iliiniidity, Heat; FliuM Flow; Projiorl toning I'he i''[ov\ in I^ipes; 
Air Idow In The h'an; Sotnid. 

PAlCr H Air Conditioning and Other Fan Applications 

Heating;; Ventilation; IlninidilyittK and Dehuinidil'vin^; Cuolini^ and Kelrigerat ion; 
Dryinj;; Conihustion aiul Meehanieal Dr.ilt; Dust I'diinlnalitai; hAhanstiuK and Con- 
veyin).;; Codes, Spe<’iti<*a(i<His and (inarantees. 

PART in Fans and Air Conditioiting Apparatus 

S<»le<‘tion ot Air ('o*tditionin)4 Ivpiipnienf ; Fan Power Ff{tiifHnen( ; F,in Dftails; Midti 
blade Wntilatin^ Fans; Miseelhineons Fans; Heaters; Coolers; Air Conditioners; 
l‘A*apofati\e Condensers; Air Washers. 

Copies are still available at cost; $4.00 each postpaid in II. S. A. 

There will be no new edition of “FAN KN<;iNEKRIN<;“ in 104i. 

Send your order with check or money order to “FAN EN(HNKERIN<P’ 
BUFFALO FORGE COMPANY, 450 Broadway, ButTalo, N. V. 
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Publications 


Domestic Engineering 
Magazine 

Published by 

DOMESTIC ENGINEERING PUBLICATIONS 
1900 Prairie Avenue Chicago, Illinois 





Yesterday It was the S5 per cent 
who did 81 per cent of the business! 
Today and Tomorrow . . . Ws the man 
with the priorities! 


(and, in many instances a few steps 
ahead) are in the position of giving 
manufacturers a reader audience com- 
posed of buyers and specifiers for projects 
which carry high priority ratings. _ 
Domestic Engineering Publications are 
able to offer manufacturerwS in our industry 
that which they require for meeting today’s 
conditions. This is because of its organi- 
zation, a portion of which includes men 
who served this industry with Domestic 
Engineering during the last war and thus 
are able to recognize and make use* of 
parallels having constructive applications 
to the problems arising out of the presimt 
war . . . because of its close contacts with 
Washington where the influences affecting 
today’s business are general (‘d . . . because 
of its vigorous and energetic determination 
to serve its industry . . . bi'cause of its 
long-range editorial program having as its 
principal objective the furtherance of our 
industry as an integral part of modern 
American life. 


Yi 


To 1)A\ lh(‘ plumbing, 

ESTERDAY, emphasis heating, air conditioning and piping in- 

was placed on sales . . . many sales ... all dustry is mobilized for the opportunitii‘s 

kinds of sales. At that time the first con- and responsibilities of n great war offovt, 

sideration of every manufacturer in the Domestic Engineering is proud of its part 

plumbing, heating, air conditioning and in this mobilization and in the continuing 

piping industry was the building of a sound effort now being emphasized in Domestic 

position among contractors, wholesalers ^'\'ictory" program, K(‘aders 

and engineers who, in turn, had gained for and the industry at large . . . lioth look to 

themselves doniinant positions in their Domestic Engineering f Publications as the 

respective localities — namely the 35 per clearing house of id(‘as and information 

cent who did 81 per cent of the business. on which to base their plan.s. 

Yesterday, when manufacturers were Manufactunrs of plumbing, heating, air 

concerned primarily with sales, Domestic conditioning and piping jirotlucts, regard- 

Engineering Publications made available less of where these products an* ultimat el > 
to them a reader audience and acceptance installed . . . whether they be for a Navy 

which provided the basis for these sales. Yard in Virginia, ti bomlu'r factory ill 

Today, emphasis must be placed on California or an armament plant in Illinois 
special types of sales . . . sales which carry or Ohio . . . these manufaclurtTs are urgiul 

priority ratings . . . sales which accomplish to make full use of th(‘ facilitU‘S availablt* 

purposes consistent with the urgent to them through Domestic Engineering 

demands of the current war effort.^ Magazine and Domestic Engineering Cnta^ 

Domestic Engineering Publications^ in in planning their advertising 

keeping abreast of changing conditions and customer-relations programs for 1942. 

For complete data concerning Domestic Engineering^ the field it serves, 
advertising rates, circulation, etc., write to Advertising Department, 

1900 Prairie Avenue, Chicago, Illinois. 
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Domestic Engineering 
Catalog Directory 

Published by 

DOMESTIC ENGINEERING PUBLICATIONS 


1900 Prairie Avenue 



Chicago, Illinois 


Now in its twentieth 
y(‘ar of serviei‘ to its indu.strv, the* 1942 
t‘{liti<)n of Pomrstic Hnfiiiicerinj* Catalog 
Diredory has heini to meet 

present <lay pluinhinj^, h<‘atin^ ami air 
comlilionini* huying and specifying n‘* 
(luinnnents. A eompl(‘t(‘, (l(‘pendal)I<s 
centralized sourer; of product and teclinical 
information, arrange<I for (piiek and easy 
r<‘f<‘renc<*, Domedie Httiiineerin^ Catalog 
Directory has placed liuving ar\d sp<*cifying 
on a greatly simplitied basis. 

'I'he following ar<‘ the major sections of 
Domedic Hnf’tneerifif' Cntolof* Directory: 

L Manufacturers' CATAUXi Se<j- 
TiON CkmtttinUijt the up-to-date 
buyinji and specif yinji information on 
the products of each co-operatinft 
manufacturer. 

n. Classified I>iRE<rroRV Liscin;^ 
virtually every known product used in 
heating, plumbing and air condition- 
ing and names of manufacturers who 
make it. Now condensed and greatly 
simpUded to facilitate its use. 

in. Trade Name Skution I’his sec- 
tion lists all known trade names of 
products used in the heating, plumb- 
ing and air conditioning held; also 
gives the names and addresses of the 
manufacturers. 

I V. M ANUFA< rn JRKRS’ Names and Ad- 
DRESSi'XS This section gives the name, 
street address and city of every known 
manufacturer of heating, plumbing 
and air conditioning equipment. 



V. Tables and Rxilks This section 
consists of hundreds of charts, tables, 
standard rules and layout diagrams 
and explanatory material required 
in the selection, coordination and 
design of equipment for heating, 
plumbing and air conditioning in- 
stallations. 

Incunstiint use, throughout the year, by 
t he leading buyers atul specifying eagitieers 
in the industry, Domestic. Engineering 
Catalog Directory pnwmts t() manu- 
facturers a most pruluctive methoti for 
the prt‘sentatioti of their product in- 
formation. 


For details of the many services available to manufacturers of heating, plumb- 
ing and air conditioning equipment through Domestic Engineering Catalog 
Directory, write Manufacturers’ Catalog Service Department, 

1<M10 Prairie Avenue, Chicago, Illinois. 
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OILHEA/lNc/fr / 
AII^ON0ITJ»N1NG 

TUElail 

JOURNAL 


Published Monthly at 
420 Madison Avenue 

New York 


MARKET: The oilheating market is a 
closely knit 4-way market — oilburners, 
heating, airconditioning, and fueloil. The 
progressive oilheating dealer sells all four 
— a good oilburner, using good fueloil, 
firing a good heating or airconditioning 
system. 

From 1919 to 1930, the principal oil- 
heating product sold by burner dealers was 
the conversion burner. In 1930 the sale of 
conversion burners represented 77.3 per 
cent of the dealers’ gross income. 

By the end of 1940, the average oil- 
heating dealer got only 21.8 per cent of 
his income from coversion burners. But, 
beginning in 1932, he added three other 
major oilheating lines — heating, fueloil 
and winter airconditioning. 1940 gross 
dollar volume of the average dealer was 


divided : 

Conversion burner units 21.9 per cent 

Heating equipment, in- 
cluding boiler-burner units 17.4 per cent 

Fueloil 53.2 per cent 

Winter airconditioning, 
including furnace-burner 
units 17.5 per cent 


In 1940, 22 per cent or 75,227 conversion 
oilburners were sold with new cast iron or 
steel boilers. In addition, dealers sold 
25,496 boiler-burner units. Total boiler 
sales by oilheating dealers increased 36 
per cent over 1939. These dealers did a 
winter airconditioning dollar volume in 
1940 of $21,445,264. 

SERVICES FOR ADVERTISERS 
Specific Products Reports. 

Key Market Studies. 

Merchandising News. 

Unit Sale Brand Preference Studies. 
Booklets, reprints of special articles. 


OILHEATING 8 l AI RCONDITION- 
ING: Fueloil Journal covers this inte- 
grated 4-way market. 

It is the oldest paper in the field — 
established 1922. Editorially, it ha.s con- 
sistently fostered every progn»ssivt‘ dt‘- 
velopment in the field and it has encouragc'd 
the trend to the complete oilheating deal<T. 

Every issue is carefully balanced edi- 
torially to cover the (l(‘alers’ n<‘ed for 
usable information on all four sidt's of his 
busine.ss. 

Heating cq^uipnient manufact uhts hav\* 
long known Fueloil Joi:rnal as a power- 
ful sales aid. It.s reader interest is unique 
among trade papers. 

CIRCULATION: Like its editorial content , 
the circulation of FiriCLoiL Journal is 
carefully controlled to give compl(‘t(‘ cover- 
age of this great 4-way market . A detailed 
breakdown from the latest circulation 
statement (June, 1941) .show.s: 


Power oilheatmK and aireonchtiomnjj; 


dealers and dzstributons 

lL>.;iPl 


Key heating contractors, plumbing 
and heating contractors, and engi- 
neers 



Fueloil distributors, selling fueloil and 
range oil, and theii branches 



Accessory and heating , supply dis- 
tributors 

1 


Total dealers and distributors 


i(i,7r»p 

Power oillieating and airconditioning 
manufacturers and th(*ir <;x<‘cutivcs, 



Accessory manuf.ictun‘rH , 

Tbb 


Total manufacturer, s. . 


l.LW 

Total dealers and manufacturers, 



Per cent of total circulation 


{hL2 1 

Other miscellaneous ... 


IliH 

Grand total . .. 


IS, 171 


Fueloil Journai. ciculation covers the 
oil heating and air conditioning li(*ld at 
the minimum rate ptr thousurul <‘opi<*s. 
It will pay you well to gt4 full di‘tails. 
Write, wir(‘ or tel(‘phone. 
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Publicaiions 


Heating 

Ventilating 

*7Ae /}i/t Qo*uiiiia*U*txj, Mtmiltltf 

THE INDUSTRIAL PRESS . . . Publisher 
140-148 Lafayette St. New York, N. Y. 


HkATINC. <S: 

is u(litt‘(l for 
n<*<‘rs, contractors, 
and c(jiiipnu*nt 
nianufacturcrs wlio 
have the tinal word 
in Ihe sp(‘cilication, 
installat ion, pro- 
duction and main- 
tenanc(‘ of mci'lian- 
ical (‘(juipincnt for 
Iu*atinj>, air ('on- 
ditioninj^ and venti- 
latinj^;. 

The (Mlitorial 
conti'iu is desi^nt'd 
to b(‘ of [irai'tical 
use t o I* n^ i ne(*rs 
(Mij^agi'd in the 
design, installation 
or ()j)eratinK of 
h(*atinj», ventilating 
or air conditioning 
e(iuipinejit, and is 
prepared under the 

ilirect'ion of liehl (*\perienci*d prof<‘ssional 
(*ngin<‘ers. A nM.Kimum aniount of spaci* 
is given each niotUh to articles showing 
how specilic problems hav<‘ bemi in<*t, 
authoritative discussions of (inielv sub- 



jects, compilations 
of useful data, and 
descriptions of the 
latest practict‘, 
t cell n i(i u(‘s an (I 
(‘({Uipnient. 

(ieniTuIly speak- 
ing, t he imijihasis is 
on [iractical rather 
than on technical 
considiM'ations. 

ICach month an 
original Ki‘fert*nci* 
I )ata slu‘et is inclufl- 
ed for permanent 
us(‘ in a standard 
liinder (back copi<‘s 
ari‘ available). 

Sjiecial issues or 
special si‘Ct ions are 
published from tinu* 
lotimi‘, ICtich Sep- 
tmnber a compn*- 
hensive louvers 
(»ui<h‘ (directory of 
manufacturers) is 
included with the 
usual issue. Special Ref<‘nmce Sections 
are [mblished seviTal times throughout tin* 
year on subjects of timely interest. 

A s|u-cial issue on Industrial Air C'on- 
ditiomng was published in January, 1942, 


CnUKlTATION 


IIKAriNt; VKN‘rn,ATIN(;’.S total 
distribution (Ma>, 1941) 19,H27, clas 

si tied as follows: 

('onsulting Knginei'rs (119) atul Ar 
chitects (292) Kngiru‘ers iMuploved 
by thmu (197) 

(’ontractors (!,o29) and haigintH*rs 
^ ICmphi^ed i»y ('ontractors (220) 
(lovernments anti School HoardN 
and their Kngineers 
Tublic rtili(> < iroup 
Industrial Firms, their Fvecutivi’s, 
haigtneers ami otluT hanplos<*es 
Huihlings, Real Kstatt* Management 
('ompanies, Their Kngim*ers 
ManufacturtTs of Air ('onditioning. 
Heating, Pijnng and V'entilating 


ICcjuioment, ‘riieir Officials and 
Kmpio\i‘es (727) and Di'signing 
Kngineers (297) 9tH 

Manufacturers’ Agents and SaU's- 
Hngineering I 'inns (1()2) Sales 
I’higineersand Sal<‘sm<m (M29) 992 

NVholesjders (105) and I IimUts (221 ) 42fl 
F<lucati<uial Institutions, Libraries, 
'IVehnical Associations 001 

Miscellaneous and Ibiclassiruvl 052 

10.2S7 

Field Staff, (’orrespondeiits, F\- 
changes ami Adv(‘rtising Agenei<‘s -MO 

TO'I'AL 10,.S27 

Subscriptions to HFA'I’IN’O <S; X'FN'ri ■ 
LATIN ( f are S2.00 a \ ear. 


819 

1 ,759 

800 
045 

1,955 

022 
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Publications 


Plumbing and Heating Journal 

Published by 

THE ANGUS CO., INC. 

515 Madison Ave., New York City 


P LUMBING and 
Heating Journal is edited 
to furnish a well-rounded, 
efficient service to the 
men engaged in the 
plumbing, heating, venti- 
lating and air conditioning 
fields. It covers both the 
technical and business 
phases of their work. 

It gives free technical 
service through a staff of 
practical engineers; expert 
merchandising assistance, 
and its technical and 
business articles are by 
men of recognized com- 
petence. 

Many readers come to THE JOURNAL 
each year for solutions to their technical 
problems. While some of the questions 
and answers are published in the Readers’ 
Technical Service section in each issue of 
the magazine, the vast majority of them — 
having to do with practically every phase 
of heating, ventilating and air conditioning 
as well as plumbing — are answered by 
mail, because most of the requests for help 
are urgent and a delay in answering would, 
in some cases, entail actual monetary loss 
to the contractor. 

The Readers’ Technical Service Depart- 
ment of THE JOURNAL is staffed by 
editors who have spent their lives in the 
business; men who were successful plumb- 
ing, heating, ventilating and air condition- 
ing engineers who devote their entire time 
to keeping abreast of the fields' technical 
developments and using their knowledge 
and experience for benefit of JOURNAL 
subscribers. 

The JOURNAL’S air conditioning arti- 
cles are of special value to plumbing- 
heating contractors. 

The '‘Comfort Heating” department, 
devot^ to equipment for automatic heat- 
ing with coal, gas or oil, is an exclusive 
JOURNAL feature. 

A new department “With the Water 
System,” informs the trade of the latest 
developments in the rural plumbing field 
and its increasing potentialities for the 
plumbing heating contractor, especially 
with the recent extensions of rural electric 
lines throughout the country. Special em- 


phasis is now also given to 
the necessity of increased 
farm production for Na- 
tional Defense. Such in- 
creased production is pos- 
sible, of course, largely by 
augmenting water systems 
in rural areas, 

Washington Currents — 
THE JOURNAL, through 
its competent staff corre- 
spondent, Mr. Arnold 
Kruckman, whose head- 
quarters are in Washing- 
ton, who is w'ell-known 
among Government offi- 
cials in various <lepart- 
ments, presents in each 
issue first-hand story happenings of vital 
interest to the plumbing-heating-air con- 
ditioning industry. Last minute news is 
received right up to our final press date, 
so as to give fresh information. 

New and Improved Products — New 
Trade Literature — This is regular monthly 
section where manufacturers’ latest prod- 
ucts and promotional material are re- 
viewed. 

Supplementing the business and tech- 
nical articles and departmental material is 
a large amount of exclusive, staff-gathered 
news that highlights the background of th(‘ 
trade's activities. 

This news background is vital. It com- 
pletes the industrial picture for the reader. 
It keeps hini in intimate touch with what 
the various important associations and his 
fellow members of the craft are doing 
throughout the nation and it charts the 
trends that arc likely to have a ver> 
definite influence on the future operation 
of his business. 

THE JOIJRNAL editorial department 
draws its news from scores of traine<i 
correspondents loaited at .strategic points 
throughout the country. 

This combination of the technical, hu.si- 
ness, news and other a.sp<‘cts of the indu.s- 
try enables THE JOURNAL to achieve 
a finely balanced magazine that give.s th(‘ 
re^er the type of information he wants 
and needs, in brief, compact form. 

THE JOIJRNAL subscription price is: 

1 year $2.00; special offer, 2 years $8,00; 

Jf. years $5.00. 
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Publications 


Sheet Metal Worker 

Published by Edwin A. Scott Publishing Company 
45 West 45th Street 
New York 


HE January 1042 
issue of Shkkt 
Mktal Workkr will be 
its Sixty-Kijihth Anni- 
versary and Directory 
Number, It is the old- 
est publication in its 
field an<l is of vital im- 
portance to men in- 
terested in sheet metal 
work- -air con<litioninj» 

— warm-air heating and 
ventilation. Founded 
and published to 11M)P 
by David Williams 
Company; 1900 to 1920 
by United Publishers 
Corp.; since 1920 by 
the present publisher, the Edwin A. Scott 
Publishing C'o. 

Shkkt Mktai- W<mKKR is today a 
monthly merchandising, business and tech- 
nical journal basic to the use of sheet 
metal. It serves the various unified mer- 
chandising an<l installing branches of the 
industry, consuming sheet metal for the 
erection, maintenance and operating eejuip- 
ment of homes and buildings, inchuling 
central air comiitioning e<|uipment, warm- 
air heating, ventilating, <Iust anti refust* 
removal, and systems for haruiling material 
by air; kitchen and restaurant wt>rk; a 
wide variety of interior ami exterior work 
for coiumercial, industrial, institutional, 
and roHulential buildings. 

Sul>scribers are mainly merchandising 
contractors purchasing practically all pro- 
ductsand etpiipment which they fabricate, 
erect or install. Mamifacturera, jobbers 
and distributors also subscribe. 

The market has three nuilu divisions: 

(1) Equipment for rmlc in connection 
with erection or installation work. 

(2) Materials for fabrication. 

(3) Shop equipment and supplies. 


CIRCULATION 
S H K E T Metal 
W oR KER is a member of 
the Audit Bureau of 
Circulations and the 
Associated Business 
Papers, It has a uni- 
form <Hstribution, with 
the greater part of its 
circulation centered in 
states showing the 
greatest industrial ac- 
tivity. Readers of 
Sheet Mktal Worker 
are made up of warm- 
air heating, air condi- 
tioning anil sheet metal 
contractors and dealers. 
Alp wholesalcrsi manufacturers, branch 
offices and sidesmen. For further details 
send for ABC statement. 

EDITORIAL 

Sheet Mktal Worker has been out- 
standing in the editorhil service it has 
remlemi the trade and is noted for the 
practical usefulness of its articles and the 
timeliness of its eilitorials. Its editor is a 
noted author in this field and the author 
of several well-known books. 

Sheet Metal Worker also publishes 
b(K)ks on heating, ventilating, sheet metal 
work, air conditioning, etc. 

The Annual Issue published in January, 
contains a comprehensive ami valualile 
Directory .Section. 

ADVERTISING 

Sheet Metai. Worker has an enviable 
nvxml of long term ailvertising ami l.s 
proud of its long list of regular advertisers. 

Because of its intimate contact with this 
field. Sheet Mktal Worker is well quali- 
fied to C(K>i)tTate with manufacturers in 
their sales and mlvertising programs. 

Subscription rates •$2.<H} jx^r year, U.S., 
ami Mexico. Canada $2.50 ; F or(4gn $3.00. 
Advertising rates on request. 





In the Index to Modern Equipment are com- 
plete detailed listings of heating, ventilating 
and air conditioning equipment and materials. 

Arranged alphabetically according to names ' 
of products are more than 300 items listing not 
only those products shown in the Catalog Data 
Section but also many other products made by 
the manufacturers represented in The Guide, 

On pages 1137-1160, under each index head- 
ing — Air Cleaning Equipment, Fans, Humidi- 
fiers, Ventilators, etc. — will be found, fully 
cross-indexed, a complete list of manufacturers 
of any desired products and page numbers in 
the Catalog Data Section where the products 
are described. By reference to these index 
headings, the manufacturers names and the 
page numbers, any item of equipment or ma- 
terials may be located quickly. 

On page 859 are page references to the various 
sub-divisions of manufacturers catalog data, 
and on pages 859-864 will be found an alpha- 
betical list of manufacturers whose products 
are shown in the Catalog Data Section. 



INDEX TO MODERN EQUIPMENT 

Heating Ventilating Air Conditioning Guide, 1942 


adsorber. Odor 

W. B. Connor KnRincering C'orp., 
Dorcx Div.. i)24-92r>, 072 

air cleaning equipment 

(See also Fillers, .1 /» 

Air-Massc Corporation, 018-010 
Air RefriKerution ('orp., 807 
Airtmp Div., Chryalcr t'orp., 878- 
870 

American Air Filter Co., Inc., 020- 
021 

American Blower ('orp., 868-8(}0 
American Radiator & Standard 
Sanitary < 'orp., 1040-1041 
Autovent Fan & Blower Div., 
Herman Nelwm C<»rp., 000-007 
Buffalo Forge Company, 055, 1120 
Clarage Kan ('ompany, 872 
W, B. Connor Engineering C'orp,, 
Dorex Div., 024-025, 072 
t'oppUB Knginwring ('orp., 022 

C. A. Dunlmm Co., 1018-1010 
Fit^gibbonn Boiler <'o., 1040-1047 
(Jar Wood IndUBtrieK, Inc., 882-8811 
General Kl<‘ciric ('o„ 000-007, 000 
Martocello, J<»h. .\, & ('o., 087 

U J. Mueller Kurnuee Co., 800-801 

D. J. Murray Mt'g. linit Heater 
and C<K>le‘r Div.. 004-00.5 

Owen»-('ornlng IrilierglaB ('ori)„ 
020-027 

Park«-<'mmer Comtnvuy, 878 
Research PriKlwlx C<»rp., 0211 
H. J. Somcra, Ine„ 028 
Staynew Filter Corp., 020-0111 
B. F. Sturtevant ('o., OtKMlOl 
United Sutte« .Vir ('onditionlng 
('orp,. 874 

WentinghouBe Klee. St Mfg. ('o., 
870-877, 0:i2 

York Ice Machinery ('orp., 875 

AIR COMPRESSORvS (See Cow- 
presms, Air) 

AIR CONDITIONING <X)N- 
TROl^ (See OmtrotUrs anti 
CoHtrtd HquipmenU itumidity 
Ctmlnds) 

AIR CONDITIONING COILS 
Acme IndUBtrien, Inc., 028 
Aerottn 080-041 

Alrtemp Div„ (*hry«lef ('«n»., 878- 
870 

Carrier Cormirutlon, 870-HI71 
Curtia R<»frigeratitt« Machine Co,, 
Div. CnrtiS Mfg. (>»., 045 
Klectrie Air Heater Dtv, td Ameri- 
can Foundry Ktiuipment (*o„ 808 
F#ddm Mantdacturlng Co., 800- 

m 

G. St 0« Manufat'turinx ('ti„ 042 
Arthur Hurria $t ('i^* 1087 
Mark) CVdl ('ommmy, 047 
M<.*QUay, Itm.iW-wa 
Mndine ManutatdurinKCo..tKni-iK)8 
D.i. Murray Mfg. (*o., Unit Heater 
& C'ooter Div,. 004-005 
J.j. NeabiU, ImvOOK 
K«?rlgeratk>n KcnnomlcB <'o., 000 
B. F. Sturtevant Co„ WKLOOl 
Tmw Company, SHO-OU 
United States Air tkmdltkming 
Corp,. 871 

Young Radiator ('ompany, 018 

AIR (CONDITIONING GRILLES 
iStt Crri7/ri. RrgrWri) 


AIR CONDITIONING REGIS- 
TERS (See Grilles, Registers) 

AIR CONDITIONING UNITS 
Air St Refrigemtion Corp., 807 
Airtemp Div., Chrysler Corp., 878- 
879 

American Blower t'orp., 808-809 
Amcricsin Radiator & Standard 
Sanitary t'orp., 1040-1041 
Autovent Fan & Blower Div., 
Herman Nelaon t'orp,, 900-007 
Baker Ice Machine Co., 9411 
Buffalo Forge tkimpany, 955, 1129 
Burnham Boiler ('orp., 104J1 
Brunner Manufacturing Co.. 944 
t'arbondale Div., Worthington 
Pump & Machinery t'orp.. 9,50- 
951 

('arrier Corporation. 870-871 
('larage Kan t'ompany, 872 
Crane tkimrittny, 1044-1045 
Curtia Refrigerating Machine Co„ 
Div. Curtis Mfg. Co„ 945 
Delco Appliance Div., thmeral 
Motors t'orp., 880-881 
('. A. Dunham Cxu, 1018-1010 
Fedders Manufacturing Co., 890- 
897 

FltsgibbonH Boiler Co., Inc., 1040- 
1047 

Frick (’ompany, Inc., 940 
Gar Wood Industries, Inc,, 882-888 
General KIwtric <'<»., 906-907, 990 
Grinnell ('o., Inc., 1020-1022, 1079 
Hastings Air ('ondlticming C'o.. 898 
Kaustine (h)mpttny, Inc., 888 
KewJinee Boiler ('orp., 1050-1058 
Kmmet Trenton ('o., 899 
Uui Blower Co,, 958 
Murlo ('oil ('ompany, 947 
McQuay IncorjKirat<‘d, 9(K)-90l 
Meyer Furnace ('ompany, 889 
Moditt«» Mfg, C'o., 902-903 
L. J. Mueller Furnace Co., 890-891 
D. J, Murray Mfg. ('o„ Unit Hwiter 
& C<H)ler Div., 904-to 
Herman Nekum t'orp., 90<WK17 
J, J. N«*shitt, Inc.. 908 
Norge Heating and ('onditionlng 
i)iv„ Horg-Warner ('orp,, 884- 

m 

Park8-('mmer Co.. 873 
Refrigeration Kronomlcs t'o., IK>9 
H, J. 8om**rs. Ine., 928 
Sramcer Heater Division. 1054-1055 
B. F. Sturtevant Co.. 900-961 
Tmne ('ompitny. The. 910-911 
United States Air C'owlltUmlnK 
Corn,. 874 

Unit^ Stttteu Radiator ('orp,, 1056- 
1057 

t -niversal C'cKtler (kirp., 948 
VUter Manufacturing Co., 940 
Warren Webster 8c Co., 1032-1035 
Webster Rngine^ng Co., 106 1 
Westinglw)use Klee, & Mfg. Co.» 
87(vSf7, m 

Williams Dll-G-M»tlc Heating ('or- 
pomtion, 887 

York Ic?e Machinery t'orj),, 875 
Young Radiator ('ompany, 910 

AIR CXK)LING AND DEIIU- 
MIDIPYING APPARATUS 
Aerofift Corporation, 939-941 
Air 8t Refrigeration ('ori>., 807 
Airtemp Div,, Chrysler Corp,, 878- 
H79 


American Blower Corp., 868-809 
American Radiator k Standard 
iSknitary Corp., 1040-1041 
American Moistening tk>., 934 
April Showers ('ompany, 035 
Autovent Fan & Hlow(‘r Div,, 
Herman Nelson Corp., 906-907 
Baker Ice Machine Co., 943 
Bayley Blower Company, 954 
Buffalo Forge Company, 955, 1129 
t'arbondale Div., Worthington 
Pumi) & Machinery t'orp., 950- 
951 

t'arrier t'orporation, 870-871 
t'larago Fan Company, 872 
t'urtis Refrigerating Machine Co. 

Div. of Curtis Mfg. Co., 945 
Fedders Manufacturing Co., 890- 
897 

Frick (k)mpany, Inc., 946 
General Klectric Co., 906-967, 996 
Grinnell Co., Inc., 1020-1022, 1079 
Kramer Trenton Co., 899 
Marlcy t'ompany, 936 
Mario ('oil ( ompany, 947 
McQuuy, Incorporated, 900-901 
Modinc Mfg. t'o., 902-903 
D. J. Murray Mfg. C'o., Unit Heater 
St Cooler Div.. 904-905 
Herman Nelson Corp., 906-IH)7 
J. J. Nesbitt, Inc„ 908 
Purks-t'ramer ('ompany, 873 
Refrigeration Economics Co„ 900 
il. J. Somers, Inc., 928 

B. F. Sturtevant C'o., 900-96 J 
Trane Company, Tht*, 910-911 
United States Air ('onditionlng 

C'orp., 874 

Universal (knilcr Corp., 948 
V'ilter Manufacturing C'o., 049 
Westinghouse Elec. & Mfg. C'o., 
876-877. 932 

L. J. Wing Mfg. t'o., 013-915 
York Ice Machinery t'orp., 875 
Young Radiator C'omi)any, 916 

AIR DIFFUSERS 
Air t'ontrol Products, Inc,, 968 
Air ffe Rt*frigerati<m (k)rp„ W 
American Blower tkirp., 868-869 
Anmostttt t'orp, of America, 969 
Auer Register t'o., The, 970 
Barber-Colman Co„ 971, 9tK) 

W. B. Connor Engineering C'orp,, 
Dorex Div., 924-925, 972 
Hart 8r ('wiley Mfg, Co„ 974-975 
lndeiH*ndeut Register C'o,, 976 
Tuttle Si Hailey. Inc., 978-979 
UniUri AUiU** ktjgister t'o., 980 
Waterloo Register Co„ 981 
Young Radiator t'ompany, 916 

air DUtrrS (SeeDufUt) 

AIR ELIMINATORS 
Ameriism Radiator 8c Standard 
Sanitary t'orp., 1646-1041 
Armstrong Maddne Works, 107*1- 
1677 

C, A. Dunliam (ka, 1018-1619 
Hoffman Specialty Co„ Inc., lO^-l- 

1625 

nUnolK Englnming Co., 1626-1627 
Kieley St Mueller, Inc., 1086 
MuHler Steam Stwdalty tk)., Inc,, 
1681 

Stirco ('omimny, Inc., 1628-1629 
Tram* Comtwiny, The, 916-911 
Triplex Heating StHrUdty Co„ 
Km- 163 1 


Hkim«r<ili following Nsmt# )F»f«r to Iw th* Gatntoi Dnin Section 
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Warren Webster & Co., 1032-1035 
Wright-Austin Co., 1082 

AIR FILTERS (See Filters, Air, 
also Air Cleaning Equipment) 

AIR FITTINGS, Brass 
Martocello, Jos. A. & Sons, 937 

AIR FILTER CLEANING COM- 
POUNDS 

Air-Maze Corporation, 918-919 
Oakite Products, Inc., 933 

AIR MEASURING AND RE- 
CORDING INSTRUMENTS 
American Blower Corp., 868-869 
American Moistening Co., 934 
Julien P. Friez & Sons, Div. of 
Bendix Aviation Corp., 991 
Grinnell Co., Inc., 1020-1022, 1079 
Illinois Testing Laboratories, Inc., 
1000 

Johnson Service Co., 998-999 
Minneapolis-Honeywell Regulator 
Company, 1004-1005 
Palmer Company, 1006 
Parks-Cramer Company, 873 
Powers Regulator Co., 1008-1009 
Taylor Instrument Companies, 1011 

AIR MOISTENING APPARA- 
TUS (See Humidifiers) 

AIR PURIFYING APPARATUS 
Air-Maze Corp., 918-919 
Air & Refrigeration Corp., 867 
American Air Filter Company, Inc., 
920-921 

American Blower Corp., 868-869 
Buffalo Forge Co., 955, 1129 
Burnham Boiler Corp., 1043 
Carrier Corporation, 870-871 
W. B. Connor Engineering Corp., 
Dorex Div., 924-925, 972 
Coppus Engineering Corp., 922 
Delco Appliance Div., General 
Motors Corp,, 880-881 
DeBothezat Division, American 
Machine & Metals, Inc., 957 
Owens-Corning Fiberglas Corp., 
926-927 

H. J. Somers, Inc., 928 
B. F. Stuitevant Co., 960-961 
Staynew Filter Corp., 929-931 
Westinghouse Elec. & Mfg. Co., 
876-877, 932 

L. J. Wing Mfg. Co.. 913-195 

AIR RECEIVERS (See Receivers, 
Air) 

AIR TUBING, Flexible Metal 

(See Tubing, Flexible Metallic) 

AIR VELOCITY METERS (See 
Meters, Air Velocity) 

AIR VELOCITY REGULATORS 
Anemostat Corp. of America, 969 
Barber-Colman Co,, 971, 990 
Johnson Service Co., 998-999 
Minneapolis-Honeywell Regulator 
Co., 1004-1006 

Powers Regulator Co., 1008-1009 
United States Register Co., 980 

AIR WASHERS 

Air- Maze Corp., 918-919 
Air Sc Refrigeration Corp., 867 
American Blower Corp., 868-869 
American Coolair Corp., 952-953 
Autovent Fan & Blower Div., 
Herman Nelson Corp., 906-907 
Baker Ice Machine Co„ 943 
Bayley Blower Company, 954 

Please mentlo] 


Buffalo Forge Company, 955, 1129 
Clarage Fan Company, 872 
Delco Appliance Div., General 
Motors Corp., 880-881 
Meyer Furnace Company, 889 
L. J. Mueller Furnace Co., 890-891 
D. J. Murray Co., Unit Heater and 
Cooler Div., 904-905 
New York Blower Co., 959 
Parks-Cramer Company, 873 
H. J. Somers, Inc., 928 
B. F, Sturtevant Co., 960-961 
Trane Company, The, 910-911 
Umted States Air Conditioning 
Corp., 874 

Utility Fan Corporation, 912 
Vilter Manufacturing Co., 949 
York Ice Machinery Corp., 875 

ALARMS, Water Level 
Illinois Engineering Co., 1026-1027 
Kieley & Mueller, Inc., 1080 
McDonnell & Miller, 1038-1039 
Merc9id Corporation, 1003 
Minneapolis-Honeywell Regulator 
Co.. 1004-1005 

Mueller Steam Specialty Co., 1081 
Warren Webster & Co.. 1032-1035 
Wright-Austin Company, 1082 
Yamall- Waring Company, 3083 

ALGAE PREVENTION (See also 
Slime Prevention) 

Oakite Products. Inc., 933 
ALUMINUM FOIL. Insulation 
Aluminum Aircell Insulation Co., 
1092 

Reynolds Metals Co., Inc., 1100 
Ruberoid Co., The, 1110-1111 
United States Gypsum Co., 1112- 
1113 

ALUMINUM FOIL VAPOR 
BARRIER (See Aluminum Foil) 

AMMONIA COILS (See Coils, 
Ammonia) 

ANEMOMETERS 
Julien P. Friez & Sons, Div. of 
Bendix Aviation Corp., 991 
Illinois Testing Laboratories, Inc., 
1000 

Taylor Instrument Companies, 1011 

ASBESTOS PRODUCTS (See also 
Insulation) 

Aluminum Aircell Insulation Co., 
1092 

Carey, Philip, Co., 1094 
Ehret Magnesia Manufacturing Co., 
1096-1097 

Johns-Manville, 1102-1103 
H. W. Porter & Co., 1118 
Ric-wiL Company, The, 1119 
Ruberoid Co., The, 1110-11 U 
United States Gypsum Co„ 1112- 
1113 

ATTIC FAN COOLERS (See Fans, 
Auic\ Ventilators, Attic) 

AUTOMATIC FUEL BURNING 
EQUIPMENT (See Burners, >1«- 
tomalic'. Coal Burners, Automatic', 
Furnace Burners', Gas Burners', 
Oil Burners', Stokers) 

AUTOMATIC SHUTTERS (See 
Shutters, Automatic) 

AUTOMOBILE HEATER FANS 
Torrington Mfg. Co., The, 962-964 
BACTERIA CONTROL 
Oakite Products, Inc,, 933 
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BEARING, Bronze 

Arthur Harris Co., 1087 

Hastings Air Conditioning Co., 898 

BENDS, Pipe, Ferrous and Non- 
Ferrous 

Baker Ice Machine Co., 943 
Crane Co., 1044-1045 
Eagle-Picher Lead Co., 1008 
Frick Company, 946 
Grinnell Co., Inc., 1020-1022, 1079 
Arthur Harris & Co., 1087 
Parks-Cmmer Co., 873 
Vilter Manufacturing Co., 049 
York Ice Machinery Corp,, 875 

BENDS, Return (See Pipe, Return 
Bends) 

BLOCKS, Asbestos 
Carey, Philip, Co., 1004 
Shret* Oo«i 

1096-1097 

Johns-Manville, 1102-1103 
Ruberoid Co., The, IIIO-IIU 

BLOWERS, Fan (See Fans, Supply 
and Exhaust) 

BLOWERS, Forced Draft 
American Blower Corp., 868-8iU) 
American Coolair C'orp., 952-953 
Autovent Fun & Hlow<‘r Div., 
Herman Nelson ('orp., 906-907 
Bayley Blower C'ompany, 954 
Buffalo Forge ('omriany, 055, 1129 
C'liampion Blower & h'orge C'o., 956 
Clamgc Fan Company, 872 
Coppus Knjjineering ('(►rp., f)22 
Curtis Refrigerating Machine C'o,, 
Div. of C’urtis Manufacturing ( 'o,, 
945 

DeBothezat DiviBion Amerie^iu Ma- 
chine & Metals, Inc., 957 
New York Blower C'o., 959 

B. F. Sturtevant ('o„ 960-961 
Westinghouse Klee. & Mfg. 

876-877, 932 

L. J. Wing Mfg. Co., 913-915 

BLOWERS, Ileatinft and Venti- 
lating 

Acme Industries, Ine., 938 
American Blower ('orp., 868-809 
American Coolair C'orp., 952-953 
Autovent Fan 8s Bl<>wt*r Div., 
Hernuin Nelson Corp., SK)6-907 
Bayley Blower t^impany, 954 
Buffalo Forge Company, 955, U21> 
Champion Blower & Forge C'o., 956 
Clanige Kan C'ompany. 872 
DeBothezat Division Americ'an Ma- 
chine & Metals, lue., 957 

C. A. DtinlKim C'o.. 1018-1019 
Hastings Air C'onditioning C'o., 898 
Lnu Blower C'o., 9.58 

McQuay Incorponitt'd, iKlO-901 
Meyer Furwice (’<»„ The, 889 
L. J, Mueller Furnace Co., 890-891 
Herman Nelson Corp,, 9<HWK»7 
J. J. Nesbitt, Inc., 908 
New York Blower C'o., 959 
H, K. Bturtevant C'o., 960-961 
Trane C^impany, The, 910-911 
United .Mr C'onditioning 

Corp., 874 

Utility Fan (?orr»oration, 912 
WeatinghouHe Klee. Ht Mtg, 
876-877, 932 

Williams Oil-O-Matlc Htnitlng 
Corp*, 887 

L. J. Wing Mfg. C'o.. 913-915 
BLOWER HOUSINCJS 
Hastings Air C'ondttionlng Co„ 898 
Lau Blower ('o„ 958 
B. K. Sturtevant Co., 9(H)-9(U 
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BLOWER MOTORS (See Motors, 
Electric) 

BLOWERS, Pressure 
American Blower ('orp., 

American C'oolair ('orp., 952-0,18 
Autovent Kan & Blower Uiv., 
Herman Nelson ('orp,, OOB-1K)7 
Bayley Blower Company, 1)54 
Buffalo Korge C'ompany, 055, 112!) 
Champion Blower & Forgo ('o., 055 
Clarage Kan C'ompany, 872 
DeBothezat Division American Ma- 
chine 8: Metals, Inc., 057 
Uiu Blower C'o., 0,18 
Mar^x-ello, Joa. A. & C'o., 087 
New York Blower C'o., 0.10 
B. F, Sturtevant C'o., 1)80-001 
Utility Fun C'onioration. 012 
I.. J. Wing Mfg. C'o., 01,*M)I.l 

BLOWERS, Turbine 
C'oppus Engineering C’orp., 022 
CJeneral hBt‘ctric C'o., 000-007. 000 
B. F, Sturtevant C'o., 0(U)-0«1 
L. J. Wing Mfg. C'o., 013-015 

BLOWERS, Warm Air Furnace 
American Blower C'oxp., 808-H00 
American <'<K>lair C’orp., 052-0,13 
Ameriain Ha<liat<ir Ik Sttxndanl 
Sanitary C’<»rp„ l()40-104l 
Autovent Fan ik HIf>wer Div., 
Herman Nelson C’orp., 000-007 
Buffalo Forge ('<«rti«iny, 05,1, 1120 
C'hampion Blow<‘r iif Forge (*<i„ 0,10 
C'lamge Fan C'omiwny, 872 
DeBothe,!ut D1 vision Atn<*riean Mu- 
eliine H: M<*talH, Inc., 057 
(reuenil F!<*<'trie C'o., 000-007, OOO 
lIuatingH Air C'(»nfliti<ming C'<».. K08 
I,au Hhm'er (‘o.. 058 
Meyer Furnace C'ompany, 880 
L. J. Mueller Furnace C'tunpuny, 
HIK).H01 

New York Hhiwer <*o., 0.10 
Torrington Mfg. C'o., 002-001 
Trane C'ompany, The, 010-0 U 
United States Air C'ondlthmlng 
C'orp., 874 

Utility Fan ('orrK»nition, 012 
Weatinglumm* Khr. {Cr Mtg, <’n., 
«7tt-877. 032 

L, J. Wing Ml'g. Uo., 013-015 

BOILER-BURNER 

Airtemp DIv., C'UrysIer <*<»rp., 878- 
870 

American RsuHut<*r Ik Standard 
Stinitary Corp,. BHO-llHl 
Barber Chi# Burner C'o,. HHM) 
C'anier t'orta)r»ti(«n. 870-871 
C’mne Co., 1044-1015 
Delet* AwOianee Div,. (bmeral 
r<*fp„ 880-881 

(Jar WotKl Iwiustries. hie., 882*883 
Crenentl Klwtrie C’o,. WUMlfir. OOU 
Herman Nelson C’orp., 1KUWK)7 
Quincy Stove Mtg. C'o., 888 
Weliiiter Engineering C'f*., 1001 
WiiJtinghouHe Ele<*. ^ Mtg, C’o„ 
870-877. 032 

WUHumg OibO-Matle Heating 
C't»ri*., 887 

York ke Machinery C'orp,, 875 

BOILER <I<>MIH)UNDS f.Sccrom- 
fitmutK JUtiler) 

BOILER <K)VERIN<; f.SVr<V«rr- 

mjf. 

BOILER FRED PUMPS (W 
Eumpi, Iknkr Feed) 


BOILER FEEDERS {See Feeders, 
lioiler) 

BOILER TUBES {See Tubes, 
Boiler) 

BOILER WATER FIELD KIT. 

for Tcstinft and Treating 
Vinco C'ompany, 1036-1037 

BOILER WATER TREATMENT 
C'ochrane C'orp., 1078 
Research Proclucta C'orp., 02,3 
Vinco Caimpany, Inc.. 1036-1037 

BOILERS, Oast-Iron 
American Radiator & Standard 
Sjinitary C'orp., 1040-1041 
Burnham Boiler C'orp,, 1013 
C'ran(‘ C'ompany, ]04.1-1()45 
Deleo Applitince Div., General 
Motors C'orp., 880-881 
L. J. Mueller Furnac(‘ C'o., 800-801 
Spencer Heater Division, 1054-1055 
C fnited States Radiator C'on>., iO.'lO- 
1057 

Weil-McLain C'ompxmy, 1050 
Westinghouae Khv. & Mfg. C'o., 
876-877, 032 

BOILERS, Down Draft 
Brownell C'twnpany, 1063 
I^'arrar & Trefts, 1048 
FiUgibbons Boiler C'o., 1046-1017 
Gar W<khI Industries, Inc., 882-883 
IntiTuathmal Boiler Works C'o., 
1040 

Kewunee Boiler C'orp., 10.50-10,53 
Pueitic Steel Boiler Div., U. S. 

Radiator C'orp,, 1058 
Westinghouse Klee, ik Mfg, C'o., 
876-877, 032 

BOILERS, Forced 
Recirculation Oil Burning 
International Boiler Works C'o., 
toil) 

BOILERS, <;aii BurninA 
.Mrtexnp Div., C'hrysler C'orp., 878- 
870 

Ameri«*in Radiator Standard 
Ssinitary C'orp., lO.tO-1041 
Briwnell C’omiwny. 106.3 
Burnlmm Boiler C'orp,, 104.3 
C'r.me C'omimny. 1044-1045 
A. Dunham Go., 1018-1010 
Fit/gibbon« Boiler Go., 1046-1047 
C'rt'ueral Kleetrie C'timjKiny, 066- 
067, 006 

IntiTiuitional Boiler Works C'o., 
1040 

Kewanee iloiler (‘<>rp.. 10,10-1053 
h, J. Mueller Furnuee C'o., 800-801 
Norge Heating and C’tmflitioning 
Div,, Botg-Warner C'orp., KH'l- 
885 

Pueitlc SliH*l Boiler Div., U. S. 

Radiator Gorp., 1058 
Spencer Heater Division, 1054-105,5 
Unitiil SUteg Ka<tiutor C'orp., 1056- 
1057 

\V«*stinghoUHe KUh-. & Mfg, Gt»., 
870.877. 032 

BOILERS, lleatlnB 
.\merieaii Radiator A* Standard 
Siinitury Gorp.. 1040-1041 
Brownell C'ompitny, 100,3 
Iturntmm HoIUt Gorp., 104,3 
Garrler Gorpomtion, 870-871 
Grane Gomimny, 1044-1045 
Deleo Appliance Div., General 
Migors Gorp., 880-881 
IstrrarKf 'rrefts, Ine,. lOtH 


Fitzgibbons Boiler Co., Inc., 1046- 
1047 

(3ar Wood Industries, 882,88.‘4 
General Electric Company, 066- 
<X>7, 006 

Intermitional Boiler Works C'o., 
1040 

Kewance Boiler C'orp., 1050-10,53 
L. J. Mueller Furnace C'o,, 890-801 
Norge Heating and C'onditioning 
Div., Borg- Warner C'orp., 88*1- 
88,5 

Pacific Steid Boiler Div., U. S. 

Radiator Corj)-. 1058 
Spencer Heater Division, 10,54-10,55 
United States Radiator CXirp., 1056- 
1057 

Weil- McLain C'ompany, 10,50 
Westinghouse Klee. & Mfg. C'o., 
876-877, 0,32 

BOILERS, Magazine Feed 
Burnham Boiler Chirp., 1043 
Kewani'e Boiler C'orp., 10,50-1053 
Spencer Heater Division, 10,54-105.5 
Weil-McLain C'ompany, 10,50 

BOILERS, Oil Burninjl 

Airtemp Div. C'hrysler C'oip., 878- 
870 

Ameriain Radiator 8: Standard 
Sanitary C'orp., 1040-1041 
Babeiark ik Wilcox C'o., 1042 
Itrownell C'ompany, The, 1063 
Burnham Boiler C'orp,, 1043 
C'nitu* C'oinimny, 1044-1045 
Delco .Appliance Div,, (Ru«‘ral 
Motors c'orp., 880-881 
Farrar 8r Tndts. Ine.. 1048 
FiUgihlxms Boih‘r C'o., Ine., 1046- 
1047 

CJar Wood Industrie^ Ine., 882-«81t 
CJenenil Kleetrie Company, 966- 
067, 006 

International Boiler Works C'o., 
1040 

Kewanee Boiler C'orp., 10,50-10,53 
L. J. Klueller Furnace C'o., 890-891 
Herman Nelson C'ori)., 1)06-007 
Pueiftc St<‘el BoiI<‘r Div., U, S, 
Radiator C'ori>., 1058 
Silencer Heater Division, 1054-10,55 
United Stat(‘s Radiator C'orp., 1056- 
1057 

W(‘iI-MeLain C'ompany, 1050 
Westinghouae Klee. 8c Mfg* Go., 
876-877, 932 

BOILERS, Ste&l 
Balxnwk 8c Wilcox C'o.. 1042 
Brownell C'omiKiny, The, 1003 
Burnham Boiler Chirp., 1043 
C'ombUHtion Engineering Go,, 1061 
h’arrar R* Trefts, Ine., 1048 
Fitstglbbons Holler Go,, Ine., 1046- 
l(M7 

b'riek 8t C’omiiany. 916 
ejur VVckkI IndUHtrU*#, 882-H8Jt 
Internatiomd Boiler Works Go., 
1049 

Kewanee Boiler C'orp., 10.50-1053 
Pacitic Stcrl Boiler Div.. V. S. 

Radiator C'orp.. 1058 
Spimeer Heater Divisiou, 1054*1055 

BOILERS, Water Tube 
Hatwock 8f Wileox Go,, 1042 
Burnham Boiler C'orp., 1043 
C'ombustiort Knginwring C'o.. 1064 
Fit^gildKins Boiler C*o„ 1046-1047 
Frick C'ompany, 946 
Internutioiml Boiler Work# Go., 

um 

spencer HeutiT Dlvlulon, 105*1-10.15 
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BREECHINGS AND 
CHIMNEYS 
Bethlehem Steel Co., 983 
Farrar & Trefts, 1048 
International Boiler Works Co., 
1049 

Kaustine Company, Inc., 888 
Kewanee Boiler Corp., 1050-1063 

BURNERS, Automatic (See also 
Coal Burners, Stokers) 

Airtemp Div., Chrysler Corp., 878- 
879 

American Radiator & Standard 
Sanitary Corp., 1040-1041 
Barher Gas Burner Co., 1060 
Crane Company, 1044-1045 
Combustion Engineering Co., 1064 
Delco Appliance Div., General 
Motors Corp., 880-881 
Detroit Stoker Company, 1066-1067 
Gar Wood Industries, Inc., 882-883 
General Electric Company, 966- 
967, 996 

Iron Fireman Mfg. Co., 1068-1069 
MotorStoker Div., Hershey Ma- 
chine & Fdy. Co., 1065 
Herman Nelson Corp., 906-907 
Quincy Stove Mfg. Co., 886 
Spencer Heater Division, 1054-1055 
Webster Engineering Co., 1061 
Westinghouse Elec. & Mfg. Co., 
876-877, 932 

Williams Oil-O-Matic Heating 
Corp., 887 

BURNERS, Goal (See Coal Bur- 
ners) 

BURNERS, Combination Gas 
and OH 

Coppus Engineering Co., 922 
Todd Combustion Equipment, Inc., 
1062 

Webster Engineering Co., 1061 
BURNERS, Gas (See Gas Burners) 
BURNERS, Oil (See Oil Burners) 
CALKING, Building 
Johns-ManviUe, 1102-1103 

CASTINGS, Bronze and Dairy 
Nickel Silver Metal 
Arthur Harris & Co., 1087 
D. J. Murray Mfg. Co., Unit 
Heater Sc Cooler Div., 904-905 

CEMENT, Asbestos 
Carey Philip, Co„ 1094 
Eagle-Picher Lead Co., 1098 
Ehret Magnesia Manufacturing Co., 
1096-1097 

Johns-Manville, 1102-1103 
Ruberoid Co., The, 1110-1111 

CEMENT, Refractory (See Re- 
fractories) 

CEMENT, Rock Wool 
Carey. Philip, Co., 1094 
Eagle-Picher Lead Co., 1098 
Ehret Magnesia Manufacturing Co., 
1096-1097 

Insulation Industries, Inc,, 1099 
Johns-Manville, 1102-1103 
National Gypsum Co., 1107 
Ruberoid Co., The, 1110-1111 

CHAIN, Furnace Pulleys (See 
also Pulleys, Chain) 

Auer Register Co., The, 970 
Barber-Colman Co., 971, 990 
Hart & Cooley Manufacturing Co., 
974-975 

Please mentlo 


Hendrick Mfg. Co., 973 
Independent Register Co., 976 
L. J. Mueller Furnace Co.. 890-891 
Trane Company, The, 910-911 
Tuttle & Bailey, Inc., 978-979 
United States Register Co., 980 
Waterloo Register Co., 981 

CIRCULATORS, Hot Water 
Heating 

Bell and Gossett Co., 1017 
Crane Company, 1044-1045 
General Electric Company, 960- 
967, 996 

Triplex Heating Specialty Co., 
1030-1031 

Westinghouse Elec. & Mfg. Co., 
876-877, 932 

CLEANERS, Air (See Air Cleaning 
Equipment) 

COAL BURNERS, Automatic, 
Anthracite 

Buffalo Forge Company, 955, 1129 
Crane Company, 1044-1045 
Combustion Engineering Co., 1064 
Iron Fireman Mfg. Co., 106^1069 
MotorStoker Div., Hersliey Ma- 
chine & Fdy. Co., 1065 
Spencer Heater Division, 1054-1055 

COAL BURNERS, Automatic, 
Bituminous 
Brownell Company, 1063 
Crane Company, 1044-1045 
Combustion Engineering Co., 1064 
Delco Appliance Div., General 
Motors Corp., 880-881 
Detroit Stoker Company, 1000- 
1007 

Iron Fireman Mfg. Co., 1068-1069 
Meyer Furnace Company, 889 
Spencer Heater Division, 1064-I0r)5 

COILS, Aluminum 
Aerofin Corporation, 939-941 
Baker Ice Machine Co., 943 
Delco Appliance Div., General 
Motors Corp., 880-881 
Arthur Harris & Co., 1087 
Kramer Trenton Co., 899 
McQuay Incorporated, 000-901 
D. J. Murray Mfg. Co„ Unit 
Heater & Cooler Div., 904-905 
J. J. Nesbitt, Inc., 908 
Refrigeration Economics Co., 909 

B. F. Sturtevant Co., 960-901 
Trane Company, The, 910-911 
Young Radiator Company, 916 

COILS, Ammonia 
Aerofin Corporation, 939-941 
Baker Ice Machine Co., 943 
Carrier Corporation, 870-871 
Crane Company, 1044-1045 
Frick Company, 946 
G & O Manufacturing Co., 942 
Kramer Trenton Co., 899 
Mario Coil Company, 947 
McQuay Incorporated, 900-901 
D. J. Murray Mfg. Co., Unit Heater 
and Cooler Div., 904-906 
Refrigeration Economics Co., 909 
Trane Company, The. 910-911 
Vi Iter Manufacturing Co., 949 
Worthington Pump & Machinery 
Corp., 960-951 
Yarnall-Waring Co., 1083 
York Ice Machinery Corp., 875 
Young Radiator Company, 916 

COILS, Blast 

Aerofin Corporation, 939-941 

American Blower Corp., 868-809 
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American Radiator & Standard 
Unitary Corp., 1040-1041 
Autovent Fan & Blower Co. Div., 
Herman Nelson Corp., 90G-907 
Bayley Blower Company, 964 
Buffalo Forge Company, 955, 1129 
Carrier Corporation, 870-871 
Clarage Fan Company, 872 

C. A. Dunham Co., 101^1019 
Fedders Manufacturing Co., 896- 

897 

G & O Manufacturing Co., 942 
McQuay, Incorporated, 900-901 
Modinc Mfg. Co., 902-903 

D. J. Murray Mfg. Co., Unit Heater 
& Cooler Div., 904-905 

John J. Nesbitt, Inc., 908 
Refrigeration Economics Co., 909 
B. K. Sturtevant Co., 9(K)-!H)1 
Trane Company. The. 910-911 
Westinghouse Elec. & Mfg. Co., 
876-877, 932 

Young Radiator C'o., 916 

COILS, Brass 

Aerofin Corporation, 939-941 

E. B. Badger & Sons Co., 1076 
Carrier Corporation, 870-871 
Crane Company, 1044-1045 
Grirmell Co.. Inc.. 1020-1022, 1079 
Arthur Harris & Co., 1087 

B. F. Sturtevant C'o,, 960-961 

COILS, Cooling 
Aerofin Oorpomthm, 939-941 
Baker Ice Machim* ('o., 943 
Carrier Corporation, H70-H71 
Crane Company, 1044-1045 
Curtis Refrigeuitiug Maehim* C'o., 
Division of C'urtis Manufacturing 
Co., 946 

Fedders Manufacturing (‘o., H96- 
897 

Frick C'omiwny, 946 
G & O Manufacturing C«»„ 912 
Mario Coil C'ompany, 947 
Modine Munufucturirig Cu., 902- 
903 

McQuay, Incorigmited. 900-901 
J. J. Nesbitt, Inc.. 90H 
Refrigeration Economics ('o„ 909 
B. F. vSturtevunt t'o., 960.9tU 
Trane Company. The, 910-911 
United States Air t'onditioning 
Corp., 874 

Vilter Manufacturing (’«»., 949 
Worthington Pump 3: Machinery 
Corp., 960-961 

York Ice Machinery Cori).. 876 
Young Radiator C'ompany, 916 

COILS, Pipe, Copper 
Aerofin C'orporation, 939-941 
American Radiator 8: Stamlard 
Sanitiiry C'orp,, 1040-1041 
E. B, Badger tk Son <'o., 1076 
Baker let* Machine ('o„ Inc,, 943 
Bayley Blower ('ompany, 964 
Hell and (Jofwett Co,, 1017 
('rane ('omtwny, 1044-1046 
Curtis Refrigemting Mucltlne Co., 
Division of <'urtis Matiufacturing 
Co.. 945 

Fedders Manufacturing ('<*„ 896- 
897 

Frick CUuntiany, 946 
Grinnell Co., Inc,, 1020- HI22, 1079 
Arthur Harris Si Co., 1087 
Kewanw Boiler t'orp., 1050-1053 
Mario Coil (Nkmptiny, 947 
Modine Manufacturing Comriany, 
902-903 

Kramer Trenton (’o., 899 
McQuay. Inc<>fXK>rat(*<l, lKK)-iK)i 
J. J. Nesbitt, Inc,, 908 
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Refrigeration Kconomics Co., 1)09 
Westinghouac! Elec. & Mfg. Co., 
S70-877, 932 

York Ice Machinery Corp., 875 
Young Radiator C’ompany, 910 

COXLS, Pipe and Tube, Non- 
Ferrous 

Acrofm Ctirporalion, 039-94 1 
.Vrthur Harris & Co., 1087 
Marlin Coil Company. 947 
Modine Manufacturing Co., 902- 
903 

J. J. Nesbitt, Inc., 908 

COILS, Pipe, Iron 
Acme Industries, Inc., 93H 
Hayley Blower C'ompany. 954 
C'larage Fan Company, 872 
Crane Company, 1044-1045 
Frick ('ompany, 940 
(Jrimiell Co.. Inc., 1020-1022, 1079 
Arthur Harris & Co., 1087 
Kramer Trenton t'o., 899 
Mailo ('oil ('ompany, 947 
Refrigeration Economies ('o., 909 
voter Manufat luring ('o., 949 
Worthington Pump & Machinery 
('o., 950-951 

York Ice Machinery ('orp.. 87.5 

COILS, StalnlcHH Sttsii 
Arthur Harris & ('o., 1087 
COILwS, I'Ank 

.\merican District ,Sieam <'o., 1074, 
1117 

.\mericun Radiator & StatiduKl 
.Sivnitury (‘orp., 1040-1041 
Baker lee Machine ('o.. 943 
Bell ami (loHsett ('o„ 1017 
('lamge h'un ('ouuMny, 872 
Crane ('<»mpany. 1044-1045 
Frick C'omimny, Inc., 940 
Arthur Harris K' Co.. 10H7 
Kewanee Boiler (*orp„ 1050-10,53 
.Mark) ('oil ('ompany, 947 
MeOuay, incorponU<*<l, 9(K)-9(H 
Refrigi‘mtum bkamomics C<i., 909 
voter Manntacturing Co.. 949 
York Ice Machinery ('orp., 875 

COLUMNS, Wmter 
Brownell ('ompany, 1003 
('rune (’ompany, 1041-1045 
I)t4roit Lubricator <'o., 992-993 
Kieley & Mueller, lue., 10«0 
Mueller Steam Sim'ialty Co,. 1081 
Wright-AuHtin Comimny, 10H2 
YarmtIt-VVnrinK Company. HWi 

coMmrst'ioN chambers 

UatHvwk ik Wilcox ('o., 1042 
('ombuslion EnglnwrinK (‘o,, 1004 

COMPOUNDS, Ai»ph*lt, for 
<k>ndulttt 

Rubernid Co., UlO-im 

COMPOUNDS, Bolter 
Vlnco Viu, Inc.* 1930-1037 

COMPOUNDS, B<»ller And RAdU 
«t<>r SeAlintt 

Dide Valve (‘ompany, 1085 
ioUnH-Manville, 1 102- U03 
Vinn>('o„ hr., 10.3ILU)37 

COMPOUNDS, 

Uakite PnHliu'ts. Inc., 933 
Vlnco ('o.. hr., 1030-1037 

COMPOUNDS. S<w»t l>e«ttroyer 
Vincot'o.. Inc., 10.30.1037 


COMPRESSORS, Air 
Baker Ia‘ Machine Co., 943 
Brunner Manufacturing Co., 944 
C'urtis Refrigerating Machine Co„ 
Division of (''urUs Manufacturing 
Company, 945 

General Electric C'ompany, 900- 
907, 9{)0 

Nash Engineering Co., 1072-1073 
Pow(*rs Regulator ('o., 1008-1009 
B. F. .Sturtevant ('o., 900-901 
Worthington Pump and Machinery 
Corp., 950-951 

COMPRESSOR MOTORS {See 
Mifion, Electric) 

COMPRESSORS, Refrigeration 
.‘\irtemp Div., ('hryster Corp., 878- 
879 

Baker Ice Machine ('o., 943 
Brunner Manufactuiing ('o., 044 
('arbondale Div,, Worthington 
Piimp & Machinery Corp., 9.50- 
951 

('urrier (Corporation, 870-871 
C'urtis Refngeniting Machine ('«., 
Division C'urtis Manufacturing 
('o., 945 

Delco Appliance Div., CJenenil 
Motors <'ori>.. 880-JWl 
h'ii(*k ('omjiany, 940 
(iiuK'rsiI KhH'tric ('ompany, 900- 
907, 990 

Trane ('ompany, The, 910-911 
nniverssil ('ooU‘r ('orji.. 948 
voter .Mumifucturing ('o., 949 
Westinglumse Elec. Ik Mfg. Co., 
870-877, 932 

WiUuinw 0!l-()-Mutic Heating 
('orp., 887 

\'ork lei* Machinery Corp., 875 

COMPRESSOR TUBINCL Flex- 
ible {See TuhittR, Elrxible 
lie) 

CONDENSERS 
.Verne Inclustries, Inc., 938 
Aerofin ('orporation. 939-941 
Airtemp Div., CUirysler Chirp., 878- 
879 

Baker lcc‘ Machine C'o., 043 
Brunner Matmlacturiug C'o., 944 
C'urlKUidale Division Worthington 
Pump & Machinery Chirp., 950- 
951 

C'anler C*orp<jration, 870-871 
Curtis lU^naeniting Machine C'o,, 
Div., t'urtis Manufacturing C'o,, 
945 

Kwlders Manufacturing C<k, 890- 
897 

Frick C'timpuny, 940 
C Hr D Manufacturing C'o.. i»42 
(rt-neral Kh^drlc Ch>.. 900-907, 990 
Murk* Coil ChmiiKiny. 947 
McUuay. Incorporutetl, (KKMKH 
Modiue Mfg. C'o.. tK)li-903 
D. J. Murray Mfg, Chi., Chiit 
Heater tfe Cisder Div,, iKl4-lKI5 
Kc'ffigeration Economics <‘o., iKK> 

H. I*'. Sturtevant Co.. tMKMItU 
Trane t'omiiany, OUWlU 
Universjd Chsiler Chiri)., 948 
Vilter .Manufacturing C'o„ 949 
WestinghoUjH- KUv, Hr Mfg, C'o., 
870-877, 932 

Worthingtim Pump Hr .Vluchinery 
Chi., 950-951 

York lee Machinery C'orp., 875 
Young Radiator C'fimpany, 910 

CONDENSER (3[,EANER 
Dakite Pr<Kl»ctK, Inc., 93ii 


CONDUIT, Flexible Metallic 
American Brass C'ompany, 1088- 
1089 

Trane Company, The, 910-911 

CONDUITS, Underground Fit- 
tinils 

.Vmerican District Steam Co., 1074, 
1117 

E. H. Badger ik Sons Co., 1075 
Geneml Electric Company, 900- 
907, 990 

H. W. Porter ik Co.. 1 1 18 
Ric-wiL Company, The, 1119 

CONDUITS, Underground Pipe 

American BraSvS C'ompany, 1088- 
1089 

American District Steam C'o*, 1074, 
1117 

.Vmerican Rolling Mill Co., 982 
E. B. Badger & Sons C'o., 1075 
C'arey, Philip, Ch>., 1094 
Ehret Magnesia Manufacturing Ch>„ 
1090-1097 

Johns-Manville, 1102-1103 
Jones ik ijuughUn Steel ('orp., 984 
H. W. Porter ik C'o., 1 1 18 
Ric-wiL ('ompany, The, 1119 

CONNECrnONS, Flexible 
Chftrginji 

Henry Valve C'ompany, 097 

CONTROL, Air Volume Damper 
Anemo.sUit C'orp. of Americji, 909 
Auer R(‘giHter C'o,, The. 970 
Burb<*r-C'olman (hi,, 971. 990 
Fulton Sylphon C'o., 994-995 
HartiSi C'<s>ley Mtg. C'o., 974-975 
Illinois Engineering ('<>„ 1020-1027 
Independent Register C'o., 970 
Johnson th*rvice ('o„ 99H-999 
Minneapolls-I loneywell Reguliitor 
C'o., 1004-1(8)5 

Register ik C'.riUe Mfg. C'o,, 977 
Tuttle & Bailey, Inc.. 978-979 
I fnited States Register Chi., 980 
WuterhMi Register C'o., 981 

CONTROL, Boiler Water Level 
C'nme Chimpany, 1044-1045 
Kieley ik Mueller, Inc., 108() 
McDonnell ik Miller. 1038*1039 
Mueller Stmun Sp^HJiulLy C'o., 1081 
Spence Engiximing C'o., 10 10 
Wurnm Webster & C'o., 1032-1035 
Whlght-Austin C'o., 1082 

CONTROL EOUIPMENi; 
(himhudtion 

Burls‘r Gas Burner C'o., 1090 
D<*trt»it laiiirh-ator t'o., 992-993 
Fulton Sylphon C'o., 91)4-995 
Johnson Service C'o., 99H-999 
Lmls ik Northrup C'o.. 1001 
MeDonnell ik, Miller, 1038-1039 
Men-niUi <'orptmvti<iu, UK)3 
MinneaptiliH- Honeywell Regulator 
Co.. 1(KM-1005 

Perm Klwtrlc Switch C'o., t(K)7 
Spence Engineering Co., 10 10 
Vvelister EuKineering < ‘o., 1001 
VVestinghouse El»v. ik Mfg, <!o.. 
870-877. 932 

White- RiKlgers Klee, Co., 1013 
L,J. Wing Mfg. Co., 913-915 

<K)NTROLLERS AND tX>N- 
TROL EOUIPMENT {See itho 
Humidity und TemperatuH C‘««* 
thd) 

American NLdHtening Co., 931 
Americitn Rmllator He Siamlard 
t^initury ('iirp,, 104{i-I041 


Num«fAlg following Manufactiirw)' NAmea refer to panes In the Cataloi Data Section 
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Barber-Colman Co., 971, 990 
Barber Gas Burner Co., 1000 
Detroit Lubricator Co., 992-993 
C. A. Dunham Co., 1018-1019 
Julien P. Friez & Sons, Div. of 
Bendix Aviation Corp., 991 
Fulton Sylphon Co., 994-995 
General Electric Company, 966- 
967, 996 

Hoffman Specialty Co., Inc., 1024- 
1025 

Illinois Engineering Co., 1026-1027 
Illinois Testing Laboratories, Inc., 
1000 

Iron Fireman Mfg. Co., 1068-1069 
Johnson Service Co., 998-999 
Kieley & Mueller, Inc., 1080 
Leeds & Northrup Co., 1001 
Manning, Maxwell & Moore, Inc., 
1002 

Mercoid Corporation, 1003 
Minneapolis-Honeywell Regulator 
Co.. 1004-1005 
Parks-Cramer Company, 873 
Penn Electric Switch Co., 1007 
Powers Regulator Co., 1008-1009 
Sarco Company, Inc., 1028-1029 
Spence Engineering Co., 1010 
Taylor Instrument Companies, 
1011 

Warren Webster & Co., 1032-1035 
Webster Engineering Co., 1061 
Westinghouse Elec. & Mfg. Co., 
876-877, 932 

White-Rodgers Elec. Co., 1013 
Young Radiator Co., 916 

CONVECTION HEATERS 
American Radiator & Standard 
Sanitary Corp., 1040-1041 
Crane Company, 1044-1045 
C. A. Dunham Co., 1018-1019 
Grinnell Co., Inc., 1020-1022, 1079 
Kramer Trenton Co., 899 
McQuay, Incorporated, 900-901 
Modine Mfg. Co., 902-903 
John J. Nesbitt, Inc., 908 
Trane Company, The, 910-911 
Tuttle & Bailey, Inc., 978-979 
United States Air Conditioning 
Corp., 874 

United States Radiator Corp., 1056- 
1057 

Warren Webster & Co., 1032-1035 
Weil-McLain Company, 1059 
Young Radiator Co., 916 

COOLING EQUIPMENT, Air 
Aerofin Corporation, 939-941 
Air & Refrigeration Corp., 867 
Airtemp Div., Chrysler Corp., 878- 
879 

American Blower Corp,, 868-869 
Autovent Fan & Blower Div., 
Herman Nelson Corp., 900-907 
Baker Ice Machine Co., Inc., 943 
Buffalo Forge Company, 955, 1129 
Carbondale Division Worthington 
Pump & Machinery Corp., 950- 
951 

Carrier Corporation, 870-871 
Champion Blower & Forge Co., 956 
Clarage Fan Company, 872 
Curtis Refrigerating Machine Co., 
Div. of Curtis Manufacturing 
Co., 946 

DeBothezat Division, American 
Machine & Metals, Inc,, 957 
C. A. Dunham Co., 1018-1019 
Fitzgibbons Boiler Co., 1046-1047 
Frick Company, 946 
G & 0 Manufacturing Co., 942 
General Electric Company, 966- 
967, 996 

Lau Blower Co., 958 

Please mentio; 


Kramer Trenton Co., 899 
Mario Coil Company, 947 
McQuay, Incorporated, 900-901 
Modine Mfg. Co., 902-903 
D. J. Murray Mfg. Co., Unit Heater 
and Cooler Div., 004-905 
J. J. Nesbitt, Inc., 908 
Herman Nelson Corp., 906-907 
Refrigeration Economics Co , 909 
B. F. Sturtevant Co , 960-961 
Trane Company, The, 910-911 
United States Air Conditioning 
Corp., 874 

Universal Cooler Corp., 948 
Utility Fan Corporation, 912 
Vilter Manufacturing Co., 949 
Westinghouse Elec- & Mfg. Co., 
876-877, 932 

Williams Oil-O-Matic Heating 
Corporation, 887 
L. J. Wing Mfg. Co., 913-915 
York Ice Machinery Corp., 875 
Young Radiator Company, 916 

COOLING EQUIPMENT, Oil 
Aerofin Corporation, 939-941 
Bell & Gossett Co., 1017 
Carbondale Div., Worthington 
Pump & Machinery Co., 950-951 
Frick Company, 946 
G & O Manufacturing Co„ 942 
Modine Manufacturing Co., 902- 
903 

D. J, Murray Mfg. Co., Unit 
Heater & Cooler Div., 904-905 
Universal Cooler Corp., 948 
York Icc Machinery Corp., 875 
Young Radiator Company, 910 

COOLING EQUIPMENT, Oil, 
Cleaninjt Materials for 
Oakite Products, Inc., 933 

COOLING EQUIPMENT, Water 
(See also Water Cooling) 

Acme Industries, Inc., 938 
Aerofin Corporation, 939-941 
Airtemp Div., Chrysler Corp., 878- 
879 

American Blower Corp., 808-869 
April Showers Company, 935 
Baker Ice Machine Co., 943 
Buffalo Forge Company, 955, 1129 
Carbondale Div., Worthington 
Pump & Machinery (kirp., IWO- 
951 

Carrier Corporation, 870-871 
Frick Company, 946 
Marley Co., The, 936 
McQuay, Incorponitod, 900-901 
Modme Mfg. Co.. 902-903 
D. J, Murray Mfg. Co., Unit 
Heater & Cooler Div., 904-905 
J. J. Nesbitt, Inc., 908 
Refngeration Economics Co., 909 
B. F. Sturtevant Co., 960-961 
Trane Company, The, 910-911 
Universal Cooler Corp., 948 
Vilter Manufacturing Co., 049 
Westinghouse Elec. & Mfg. Co., 
876-877, 932 

Yarnall- Waring Co., 1083 
York Ice Machinery Corp., 875 
Young Radiator Company, 916 

COOLING TOWERS, Atmos- 
pheric, Mechanical Draft, 
Forced Draft, Induced Draft 

(See also Cooling Equipment^ 
Water) 

American Blower Corp., 868-869 
Baker Ice Machine Co„ 943 
Buffalo Forge Company, 955, U29 
Marley Company, 936 
Mario Coil Company, 947 
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McQuay, Incorporated, 900-901 
York Ice Maclimery Corp., 875 

COOLING TOWER FANS 
American Blower Corp., 868-869 
Baker Ice Machine Co., 943 
Buffalo Forge Company, 9,55, 1129 
DeBothezat Div., American 
Machine & Metals, I nc., 957 
Marley Company, 036 
Mario Coil Company, 917 
McQuay, Incorporated, 900-901 

CORROSION, Treatment of 
Oakitc Products, Inc., 933 
Research Products Corp., 923 
Vinco Company, Inc., 1036-1037 

COVERING, Pipe 
Armstrong Cork Company, 1093 
Baker Ice Machine C'o., 94,3 
Carey, Philip, Co., 1094 
Eagle- Picher Lead ('o., 1098 
Ehret Magnesia Mfg. (*o., 1096- 
1097 

Grinnell C'o„ Inc., 1020-1022. 1079 
Insulation Industries, Inc., 1099 
Johns-Manville, 1102-1103 
Mundet Cork Corp., 1106 
National Gypsum Co., 1107 
Owens-Corning Ftherghis ('orp., 
926-927 

Pacific Lumber <'o., 1 108 
H. W. Porter 1118 

Ric-wlL C'ornpany, The, 1119 
Ruberoicl ('ompany, The, 1 1 lO-l 11 1 
United State.s (rypsuni <'o., ! J 12- 
1113 

COVERINC;, Surfaces 
Armstrong t'oik Co., 1093 
Baker Ice Machine ('<»., 943 
Carey, Philip, Co., 1094 
Eagle- Picher I.earl ('o., 1(){>8 
Ehret Magnesia Mfg. C'o., 1096- 
1097 

Insulation Industries, Inc,, 1099 
Johns-Manvilhs 1102-1103 
Libby-Owens-Kord CrIas.M C'o., 1 122- 
1123 

Mundet Cork C'orp., 1 106 
National Gypsum C'o,, 1 107 
Owens-t'iirning h'iborglus C'orp., 
926-927 

Pacific LumlxT C'o., 1108 
Reynolds Metals C'o,, Inc., 1109 
Ruberoid C'o., The, 1 1 10- 1 1 1 1 
UnittHi Staitm CJypsum Co„ 1112- 
1113 

Wood CUmversion C'ornpany, 1114 
York Ic<* Machinery C'orp., 875 

CUT-OFFS, Low Water 
Detroit Lubrimtor Co„ 992-t»93 
Iron Fireman Mfg. C'<i., 1068-1069 
McDonnell Ife Miller, 10.38- 10,39 
M inneujx dis- 1 1< mey well Regu la t or 
C^>., 1004- KK15 

Penn P:ieetrie Switch Co., 1007 
Wright-Austln Co., 1082 

DAMPER RFXiULATORS, Boiler 

(See also HegultiU^s) 

Amcricjin Rjidiator Standard 
J^initary Corp., 1040-1041 
Barber-Colman Co., 971, 990 
Barnes 8s Jones, Inc,, 1016 
Detroit Ltibricatfir C'o., 992-993 
C.A. Duntmm C'o., 1018-1019 
Fulton Sylphon (>>., 994-995 
Illinois Engineering C'o., 1026-1027 
Kieley 8e Mueller, Inc,, 1080 
Leeds & Northrup Ct»., 100 1 
MinneapoIis-IIoneywell Regulator 
C'o.. 1004-1(M)5 

to Advertisers 
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Penn Electric Switch ('o., 1007 
Powers RcKulutor ('»>., 100#<“100!) 
Sarco Company, Inc., 1028-1029 
Spence EnffineennK Co., 1010 
Taylor Instrument C'funpanies, 101 1 
Tnine Company, The, 910-91 1 
Triplex IleatinK Spmalty <'o., 
1020-1021 

Warren Webster iSf <'o , I022-102.> 
Webster EiiKinetninK Co., 1001 
Westin«houae EU'c, tt Mf^. C'o.. 
870-877, 922 

DAMPER RKOULATORS, 
Furnace 

Air ('ontrol PuMluets, Inc , 908 
Automatic Products ('orr>.. 989 
Harb(‘r-('olman <‘o,. 971, 990 
Detroit Lubricator t'o.. 992-992 
Julien P, Kiie/ it: Sons, Div. of 
Bendi.x .\viation Corp,, 991 
Philton Sylphon ('o., 99>l-99,'> 

Hart 81 Cooh^y MtK. C'o., 971-970 
Iron Fireman MfK. Co„ 100H-l(j<l9 
Kieley it Mueller, Inc., 1080 
iLeeds 8: Northnip ('o., 1001 
Manning, Maxwell 8: Moore, Ine., 
1002 

Minneapolis-Honeywell Rei^ulator 
Co., I004-l(H)o 

Penn Elwtric Switeli Co., 1007 
Powens ReKulator (‘o., 1008-1009 
i^ircti t'ornpany, Inc., 1028-1029 
Spene<' EiiKineeritu* ('o., 1010 
Tuttle 8i Hailey, Inc., <.»78-979 
Cnited St.ites kef,iist<‘r Co., 980 
Webster EnKineeiitiK Ctv., 1001 
Wlute-Rody,<‘rs KhH'lric Co., 1012 

DAMPERS, Air Volume Control 
Anemostat t'tu'ti. of Amerie.i, 909 
AiU‘r Ri-Kister Co., The. 970 
Harber-C'olmart Co.. 971, 990 
<‘hami)ion Htowei 8! For«e <‘o.. O.'iO 
Hart 8: (Ntoley .Mfg. <*o., 97L97.‘ 
Hendrick Mt«, Co., 972 
Independent Rc‘Klster Co., 970 
Johnson S<*rviee (‘onumny, 998-999 
Minn(*upolis« Honeywell Regulator 
Co., I0(H-HKI.1 

RcKister k < Grille Co.. 977 

Tutth* «! Bailey, Inc., 978-979 
IfpitKl Slates Rexister t'o., 980 
Waterhs) Register Co., 981 

DAMPERS, Flue 
Tuttle 8f Bailey, luc., 978-.979 
DAMPERS, Meihunlcttl 
Biu1«*r-Cc»lman Co., 971, 91MJ 
Bulfalo Forxe Company, Uoo, U29 
<‘laraKe Fan Company, 872 
Fult<m Sylphon Co., 99L99o 
Hart k <'(K*ley Mfit. <‘o.. 97 L97-1 
JtihUhon Snvice Co., 998-999 
MinneaiKdis- Honey wll Re«»l,d<»r 
Co., UHM-KKIA 

Powers Rexulatfit Co., HK)Hd009 
Ignited Staten Reuister Co,, 980 

DAMPERS, Buck Drmft (sv,- 
,1<V Colamr i 'tmtndi 

DEIlUMUXFtERS 

Aertihu CoriMrfation, 929-911 
,\ir8: HefriKeratlott Ci^tp.. 807 
AIrtemp UIv., Chrysler (‘<^rp., 878- 
879 

American Bhiwer <*orj>., 808-H09 
Bayley BIowit Company, BA-I 
BitlTah* Fiirxe Conii«tny, 9o2, 1129 
Curbondale Dtv,, Worthinitlon 
Pump 8f Machinery t‘orp., 959- 
U5l 

Carrier ('i*rp<»ratlon, 870-871 


('luraKC Fan Company, 872 
('xrinnell Co., Inc., 1020-1022, 1079 
McUiiay, Incorporated, 90()-901 
J. J. Nesbitt, Inc., 908 
Parks-t'rumor Co., 872 
Refrigeration Economics Co., 909 
11. J. Somons, Inc., 928 
B. F, Stiirtevant C'o., 900-991 
Tnine ('ompany, The, 910-91 1 
Umti‘(l Stat(‘h Air Conditioning 
('<irp., 87 1 

WestinKhouse KKw & Mffj. C'o., 
87(1-877, 922 

York Ice Machinery Corp., 875 
DKHYDRA'I'ORS, Refrijicrant 
Automatic Products ('orp., 989 
Henry Valve ('o., 997 

DEHYDRA-TEtrrORS, 
Refrigerant 
Henry \'’‘alv<‘ t'o., 997 
DEHYDRANTS 
Henry Valvi* C'o., 997 
Research Pniducts C'orp., 922 

DEODORANTS 

W. B, C'onnor KnKineerinx Corp,, 
Dorex Division, 92-1-925, 972 
Oukite Pnidiicts, Inc., 922 

DESTROYERS, Snot C-SV/J Snot 
Ih'siroyfr) 

DIFFUSERS, Air (.SVr Air Dif- 
fusers, a»d \>nlilalurs\ Floor and 
Witlh 

DISTRICT IIKATINC; {See also 
('ornnion Trent rnenl of ExtHin- 
shn Joints •' Insulation, Vnder- 
ground Meiers, I*ifie) 

,\mericun District .Steam Co., 1071, 
1117 

Ehret MaxneHla Mfg. Co., 1090- 
1097 

H. W. Portei & Co.. 1118 
Ric-wlL ('ompany. The, IU9 

DRAFT APPARATUS i.SVe Itiinv- 
ers, ForeedlhniD 

DRYERS, Kefrlkerant 
Henry Valve CoruiHiny, 997 
DRYINfi EQUIPMENT 
Aerofm ( 'orporation, 929-9*1 1 
Alt ft Refrixeration C<«p., K(i7 
.\inerica« Blower C'orp., 808-809 
Amerii'an C'tHdair Corp,, 952-952 
.Xmericufi Radiator ft Standard 
.Suiitary C'orp., 10-10-10 II 
Aulijvent Fan ft Bhiwer Div*., 
H«Tman Nelson Corp,, IHHMMI? 
Buifalo hbrKe Co., 95,5. 1129 
C’arlHUidule Div., W(jrthiMKt«*n 
Pump ft Maehinery ('fu, 95()-95l 
Carrier C'orponttion, 870-871 
C hampion BUm'erft ForKe(‘o„950 
t 'lawKe Fun t ‘ompany. 872 
Delco Appliance Div., Cenerul 
Motors Corn.. KHO-HKl 
Khs'tric Air Heater C'o.. Div, of 
Ameiit*;in Foundry E<tuipm<*«t 
C(»,. 892 

<i ft O Manufaeturinw (*o.. The, 942 
.VcUuay, IncotiHirated, iKKMKU 
ix J. Murray Mix. Co.. Unit 
Heater ft Cooler Div., 901-90.5 
New York Blower C‘o., 959 
Refriiterathm Economies C'o,, 909 
B. 1*. Stmlevant ('<*.. 9tKl-9«I 
Trane Company, The, 910-911 
L. J. VViim Mf«. C'o., 912-915 
York Ice Madtinery C‘ort»., 87.5 


DUCT INSULATION (.S5v; Insu- 
lation, Duet) 

DUfITS, Prefabricated {See Also 
FUtinfis, .4 ir Ducts, h'urnat e) 
Carey, Philip, C'o., 1004 
(itir Wood Iiidiistnes, Inc.. 882-882 
L. J. Mueller Furnace C'o.. 890-891 
United States Register ('<>,, 980 

DUST COLLECTING 
EQUIPMENT 

American .Air Filter Co., 920-921 
American Itlowi*r C'ori)., 808-8(59 
Buffalo Forge C'ompany, 9,55, 1 12i) 
Clarage Fan ('ompany, 872 
D. J. Muiray Mfg. Co., Unit 
H(‘ater ft C'ooler Div„ 904-905 
(Wns-C'ormng Fib(‘rglaH C'orp., 
92(5-927 

.Stayiiew Filter Corp., 929-921 
B. K. Stiirtevant C'o., 9(50-901 
Westinghouse Elec, ft Mfg. C'o., 
870-877, 022 

DUST COLLECTORS, Cloth 
Typo 

.American .Air Filt<‘r C'o., 920-921 
American Blower C'orp., 808-809 
Staynew Filter Corp., 929-921 

EJECTORS, Sewafte 
C'hicago Pump C'o,, 1071 
Nash KngiiU'ering C’o., 1072-1072 

ELECTROSI ATIC AIR 
CLEANERS 

.Am(‘rican Air FiltiT C'o., 920-921 
Wt‘stiiighouse Klee, ft Mfg. <h>., 
870-877. 922 

ENfHNES, Diesel 
Worthington Ihimp ft Machinery 
Corp., 950-951 

EVAPORATIVE CONDENSERS 

(.SVc Condensers and Evaporators) 

EVAPORATORS 
Acme Industries, Inc,, 928 
At‘roIin C'ortmration, 929-041 
Airtemp Div,, C'hrysler ('«»rp., 878- 
879 

Baker let* Machine ('<»„ Iiic,, 942 
Buffal<dA>rge Co., 95.5. 1129 
C'arbondah* Div., Worthington 
Pump ft Machinery C'orp,, 950- 
9*51 

Carrier Corporation, 870-871 
Chirtis Refngeraling Muchim* C'o., 
Div., C'urUH Manufacturing C'o,, 
945 

Fedilers .Manufacturing ('o„ 8915- 
897 

Frick C'ompany. 94(5 
(Jeneral Electric (‘ompany, 90(5- 
9(57, 990 

Marlti (‘oil (‘ompany, 917 
McQuuy, IncorporatiHl, 900*901 
J. J. Ne.Hhitt, Inc., 1M5K 
Refrigeration bionomics (*o., 909 
B, F. Stiirtevant 900*901 
Trane C'ompany, The, 910-91 1 
Vilter Manufacturing Co., 949 
Westingliousi* Klee, it Mtg. (5*,, 
870-877, 922 

York Ice Machinery Corp,. 875 
Young Riuiiator (‘ompany. 910 

EXHAUSTERS 

Autovent Fan A* Blower Div., 
Herman Nelsiin (*i>rp., iMMl»lK>7 
DeBothe/al Div., Ametieati Ma- 
chine ft Metal'i, Inc., 957 
Champion Bhiwer A Forge C'o., 9.50 
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W. B. Connor Engineering Corp., 
Dorex Div., 924-925, 972 
New York Blower Co., 959 
L. J. Wing Mfg. Co., 913-915 
B. F. Sturtevant Co., 960-961 


EXHAUST HEADS (Se« Heads, 
Exhaust) 


EXHAUST TUBING, Flexible 

(5ec Tubtng, Flexible, Metallic) 

EXPANSION JOINTS 
American District Steam Co., 1074, 
1117 

E. B. Badger & Sons Co., 1075 
Baker Ice Machine Co., 943 
Crane Company, 1044-1045 
Fulton Sylphon Co., 994-995 
Grinnell Co., Inc., 1020-1022, 1079 
Arthur Hams & Co., 1087 
Illinois Engineering Co., 1026-1027 
Ric-wiL Company, 1119 
Warren Webster & Co.. 1032-1035 
Yamall-Waring Co., 1083 


EXPOSITIONS 

International Exposition Co., 1014 


FANS, Attic 

Airtherm Manufacturing Co., 892 
American Blower Corp., 868i-869 
American Coolair Corp., 952-953 
Autovent Fan & Blower Div., 
Herman Nelson Corp., 906-907 
Bayley Blower Company, 954 
Bi^alo Forge Company, 956, 1129 
Burnham Boiler Corp., 1043 
Champion Blower & Forge Co., 956 
Clarage Fan Company, 872 
DeBothezat Division American Ma- 
chine & Metals, Inc., 957 
Gar Wood Industries, Inc., 882-883 
General Electric Company, 966- 
967, 996 

Lau Blower Co., 958 
Meyer Furnace Company, 889 
L. J. Mueller Furnace Co., 890-891 
John J. Nesbitt, Inc., 908 
H. J. Somers, Inc., 928 
B, F. Sturtevant Co., 960-961 
Tonington Mfg, Co., 962-964 
Trane Company, The, 9 10-911 
United States Air Conditioning 
Corp., 874 

Wagner Electric Corp., 965 
Westinghouse Elec. & Mfg. Co., 
876-877, 932 

L. J. Wing Mfg. Co., 913-916 
FAN BLADES 

American Blower Corp., 868-869 
American Coolair Corp., 95^953 
Buffalo Forge Company, 955, 1129 
Champion Blower & Forge Co„ 950 
Clarage Fan Company, 872 
Torrington Mfg. Co., 962-964 
Utility Fan Corooration, 912 
Westinghouse Elec. & Mfg. Co., 
876-877, 932 

L, J. Wing Mfg. Co., 913-916 

FANS, Centrifugal 
American Blower Corp., 868-869 
American Coolair Corp., 952-953 
Autovent Fan & Blower Div., 
Herman Nelson Corp., 906-907 
Bayley Blower Company, 954 
Buffalo Forge Company, 955, 1129 
Champion Blower & Forge Co., 956 
Clarage Fan Company, 872 
Coppus Engineering Corp., 922 
General Electric Company, 960- 
967, 996 

Hastings Air Conditioning Co., 898 
Lau Blower Co., 958 


L. J, Mueller Furnace Co., 890-891 
Herman Nelson Corp., 906-907 
New York Blower Co., 959 
B. F. Sturtevant Co., 900-961 
Torrington Mfg. Co., 962-964 
Trane Company, The, 910-911 
United States Air Conditioning 
Corp., 874 

Utility Fan Corporation, 912 
L. J, Wing Mfg. Co.. 913-915 

FANS, Electric 

Airtherm Manufacturing Co., 892 
American Coolair Corp., 952-953 
Autovent Fan & Blower Div., 
Herman Nelson Corp. 906-907 
Buffalo Forge Company, 955, 1129 
Champion Blower & Forge Co., 956 
Clarage Fan Company, 872 
Coppus Engineenng Corp., 922 
DeBothezat Division, American 
Machine & Metals, Inc., 957 
Electric Air Heater Co., Div. of 
American Foundry Equipment 
Co., 893 

General Electric Company, 960- 
967, 996 

B. F. Sturtevant Co., 960-961 
Torrington Mfg. Co., 962-964 
Wagner Electric Corp., 965 
Westinghouse Elec. Sc Mfg. Co., 
876-877, 932 

L. J. Wing Mfg. Co., 913-915 

FANS, Furnace 
American Blower Corp., 868-8G9 
Autovent Fan & Blower Div., 
Herman Nelson Corp., 900-907 
Buffalo Forge Company, 955, 1129 
Champion Blower & Forge Co., 956 
Clarage Fan Company, 872 
DeBothezat Division, American 
Machine & Metals, Inc., 957 
Hastings Air Conditioning Co., 808 
Lau Blower Co., 958 
Meyer Furnace Co., The, 889 
L. f. Mueller Furnace Co., 890-891 
B. F. Sturtevant Co., 960-901 
Torrington Mfg. Co., 9(12-064 
Trane Company, The, 910-911 
United States Air Conditioning 
Corp,, 874 

Westinghouse Elec. & Mfg. Co., 
876-877, 932 

L. J. Wing Mfg. Co., 913-915 

FAN MOTORS (.See Motors, Rlee- 
trie) 

FANS, Portable 
Amencan Blower Corp., 868-869 
American Coolair Corp., 952-953 
Autovent Fan 3c Blower Div., 
Herman Nelson Corp., 906-907 
Bayley Blower Company, 954 
Buffalo Forge Company, 955, 1129 
Champion Blower & Forge Co., 950 
Coppus Engineering Corp., 022 
General Electric Company, 066- 
967, 906 

Lau Blower Company, 058 
New York Blower Co„ 959 
B. F. Sturtevant Co., 960-961 
Torrington jMfg. Co., 962-964 
Wagner Electric Corp., 965 
Westinghouse Elec. & Mfg. Co., 
876-877, 932 

L. J. Wing Mfg, Co„ 913-915 
FANS, propeller 
Airtherm Manufacturing Co., 892 
American Blower Corp., 868-869 
American Coolair Corp., 952-953 
Autovent I^an & Blower Div,, 
Herman Nelson Corp., 906-007 


Buffalo Forge Company, 055, 1120 
Champion Blower & Forge Co., 956 
Clarage Fan Company, 872 
Coppus Engineering Corp., 922 
DeBothezat Division, American 
Machine & Metals, Inc., 957 
General Electric Company, Odij- 
967, 996 

Lau Blower Company, 958 
Marley Co.. The, 036 
New York Blower C'o., 059 
B. F. Sturtevant Co., 060-061 
Torrington Mfg. Co., 062-064 
Trane Company, The, 910-911 
United States Air Conditioning 
Corp., 874 

Utility Fan C'orporution, 912 
Westinghouse Elec. Mfg. Co., 
87()-877, 932 

L. J. Wing Mfg. Co., 013-015 

FANS, Supply and Exhaust 
Airtherm Manufacturing ('o., 802 
American Blower ('orji., 868-860 
American C'oolair ('firp., 952-953 
American Radiator & Standard 
fkinitary Corp., 1046-1041 
Autovent Fan & Blower Div., 
Herman Nelson Corp., 906-067 
Bayley Blower ('ompany, 954 
Buffalo Forge C'omiiany. 0.55, U29 
Champion Blower Forge <'o., 9.'>6 
C'laruge Fan C'ompany, 872 
DeBothezat Divisiim, .\merican 
Machine 3: Metals. Inc., 057 
General Electric t*onipany, i)66- 
967, 996 

Coppus Engineering C‘o., 022 
Hastings Air t'onditioning (*<>., 808 
Lau Blower ('o„ 058 
Meyer Furnace (‘ompany, 880 
L. J. Mueller Furnace C'o., 800-801 
Herman Nelson ('orp,, il(HMM)7 
New York Blower ('o., 950 
H. J. Somers, Inc.. 028 
B. F. Sturtevant t‘o., 96(M)61 
Torrington Mfg. ('o., 062-0(14 
Trane ('ompany, The, OIO-OII 
United Shites Air ('omlitloning 
Corp., 874 

Utility Fan ('orponitUm, 012 
Wagner EUvtric ('orp„ 065 
Westingliou.se Klee. A' Mfg. ('o„ 
876-877. 932 

L.J. Wing Mfg. (‘o., 013-015 

FEED WATER HEATERS (SVr 
Heaters, Feed Water) 

FEED WATER HECHILATORS 
(Sfie Regulalttrs, Feed Water) 

FEEDERS, Boiler 
Crane Cttmimny, 1014-1045 
Kleley A Mueller, Inc., 1080 
McDonnell A Miller, 1038-1030 
Mueller Stwim StM*clalty ('o„ 1081 
Penn Electric Switch Co„ 1007 
Spence Engineering (‘t»„ 1010 
Warren Webster A ('o„ 1032-1035 
WttstinghouHc KUv, A Mfg. Co„ 
876-877, m 
Wright-AuHtin <'o., 1082 

FEEDERS, Water 
Kieley & Mueller. Inc.. 1080 
McDonneU A Miller. 103H-103U 
Mueller Steam Specialty t'o., 1081 
Wright- Austin C'o„ 1082 

FELT, 5k>un<l Dendenintt 
Carey, Philip, C’o„ 1004 
Ehret Magnesiu Mfg. ('o., lOlHJ- 
1097 

i ohnR-Mnnville, 1102-1103 
Uiberoid t'omimny, 1 1 10- U 1 1 
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FFXT, Insulatinft (.SVr Inmlalton, 
Felt) 

FILTERS, Air {See also Air Clean- 
tnfl Equipment) 

Air- Maze Corporation, 1)18-919 
Air & Refriuienition C'orp., 897 
American Air Filter C'o., Ine., 920- 
921 

\V, B. (Connor KnKineerinf): <'orp„ 
D«r<‘x Div., 924-l)2r», 972 
Copnua KnKineerin^ ('orp., 922 
Detroit laibrit'jitor <'o.. 992-993 
Kimberly-tMurk t'orp., 1 104-1 105 
Martocello, Joh, A. it 937 
OwenH-C<irmnj« FiberKlas C'orp., 
920-927 

ReHearch PioOnotH ('orp., 923 
11. J. Somer«, Inc., 928 
Staynew Filter ('orp., 929-931 
We«tinKliotiHe KI<*c. K' MfK. ('o., 
870-877. 932 

FIREBRICK, InHulafind 
ArmatronK ('ork t'ompany, 1093 
Babcock it Wilcox. 1042 
JolmH-Manville. 1102-1103 

Fn'TIN<iS, Air Duett), Furnace 
('arey, Philip, ('o., 1094 
Car W<K)(i ImluHtricH, Inc., 882-883 
L, .1 Mueller iMirnace Co., 890-891 
Cmtcci SUtcH RcKirtter Co., 980 

FirnN<;S, pipe, FlanAe<l 

American Br.vHX Cimipany, 1088, 
1089 

American KolHritf Mill ('o.. 982 
Crane (‘omjiuny, U)‘M-1(M5 
Frick (‘onipany, 910 
('rrinnell ('<>., Inc., 1020-1022. 1079 
Arthur I Iurrin«£(‘o,. 1087 
Henry Valve Co., 997 

ManufuclurlnK Co., 9 19 
VV^J^tl^^n^ttnn Pump it Machinery 
C'o.. 950-9:)! 

York Ice Machinery Corp., H75 
FirriNC;s, pipe, Si rewed 

Baker Ice Machine Co„ 943 
C'ruu* Comjuiny, 1041-1045 
Frick Comp.iny, 940 
('Tfinnell t'o., Inc., 1020-1022. 1079 
Henry Valve Company. 997 
voter Maitnl'acttirinK Co., 949 
VVorthinKton Pump it Machinery 
('o., 9:»0-9r»l 

York ice Machinery <’orp., 875 

FnTINC;s, Pipe. SoWiw* 
American Bnue) (‘nmpuny. 1088- 
1089 

('nine ('omjKiny. UJ44-1045 
F^ijile-PIcher l.e.»l (‘o., 1098 
Wolverine TuIh* Comjwny, 1090 

FtrriNCiS, Pipe, (nr Ilnder- 
(tround (kuiduli 
American District .Steam t'ompany, 
1074, 1117 

Khn‘t MuKUenia .ManulacturlnKCo., 
KHHbUK)" 

H. W. Porter < o.. 1118 
Hic-wit, Comtanv. The. 1 1 19 

KirPINCLH, Pipe, .Swent 
Ameriean Bruiei Comiwrty. 1088- 
1UH9 

American Radiator ik Standard 
Sanitary Corp., 1010-10 H 
('fane t*f»mp,tnv, 1041*1045 
Wolverine TuIh’ ComiMity, 1090 


FriTINGS, Welded 
Aniencan Brass t'ompany, 1088- 
1089 

.\iTierican Rolling Mill Co., 082 
('pane ('ompany, 1044-104.5 
C»ar Wr)od InduHtries. Inc., 882-883 
Crrinncll ('o.. Inc.. 1020-1022, 1079 
York Ice Machinery (kirp., 875 

FLOATS, Metal (.S>*? Trap and 
Valve) 

.\rthur Harris 8j ('o., 1087 
WriKlit-Aufltiu ('<)., 1082 

FLOOR AND CEILING PLATES 
.\nu‘rican Radiator 8r Standard 
.S,initary ('orp., 1040-1041 
('arnegie- Illinois Steel ('orp., 985 
Grinnell t'o., Inc.. 1020-1022. 1079 
TuHh* ik Bailey. Inc., 978-979 

FLUE (JAvS ANALYSIS 
Julieu P, Fri<** 8c Sm.M, Div. of 
Bendix .Vviutiou Corp., 991 
Lc<‘d8 ik Northrup Co., 1001 
MinncapoliH-Honeywell Regulator 
('o.. I(K)4-I00.5 

FORCED-AIR DUCTS and FIT- 
TIN<JS {See Puds, Fittings) 

FORCED DRArx’ COOLINC; 
TOWERS {See also Fans, I'niilinft 
Tinvers, Indutetl Draft, Meihani- 
tal Draft) 

Baker Ice Machine ('o., 943 
Buffalo For^e ('ompany, 9.55, 1129 
Marli‘y ('ompany, 930 
York Ice Machinery ('orii., 87,5 

FURNACE-BURNER 
Airtemii Div., ('lirysler Corp., 878- 
879 

*\merican Radiator & Stamlurd 
Siinitary (*orp., 1040-1041 
Barber (bm Burner ('o,, 1000 
Crane (‘ompany, 1044-104.5 
Dek'o .\p$)Hunce Div,, ('ameral 
Motors t'orp., 880-881 
Car WtKKl Industries, Inc., 882-8H3 
Ceneral Electric ('omiMiny, 900- 
907. 990 

Iron Fireman MIk- ('<».. 1008-1009 
Meyer Furnace t‘i»mpuny, 889 
L. /. Mueller Furnaiv Co., 890-891 
Herman Nelwm Corp., 1K)0-1K)7 
Cuincy Stove Mfg, ('o., 880 
Wel»ster KimlneerinR t'o., 1001 
Wlllianm DH-O-Mutic Heating 
< 'orporatlou, 887 

FURL BURNIN<; EOUIPMKNT, 
Automatic f.SVe Durners. 
maik\ ('oat Iturners, Automatk\ 
Fur mu f Httenm; (Ms Hurners; 
(hi Durnersi Stohers) 

FURNACE PIPE 
Johns* Mttttville. 1102-1103 
Meyer Furnaee ('omp.tny, 889 
llnited Statr*?) Register t'o., 980 

FURNACF*S, Electric 
<»euer,U KleetrU* ('ompany. 9(Ut- 
U07, 990 

Westinghouse Klee. Ife Mfu, ('in, 
870*877, 932 

FUHNACFmS, Warm Air 
Airtemp Div., Chrysler Corp,, 878* 
879 

Airtherm Mamifaeturing Co., H92 
Ain(*ricnn Radiator iir Staiidarri 
SiiniUtry C<*rp,. lOlO-lOU 
Carrier ('<irtK>ration, 870-871 
Crane ('omiKuty. 1044-1045 


Delco Appliance Div., (Jeneral 
Motors Corp., 880-881 
Fitzgibbons Boilpr Co., Inc., 1040- 
1047 

Gar Wood Industries, 882-883 
Creneral Klectric Company, 900- 
907, 990 

Iron Fireman Mfg, Co., 1008-1009 
Kluuatine (Company, Inc., 888 
Meyer Furnace ('o., Tin*, 889 
L. J. Mueller Furnace C’o., 8tK>-89l 
Herman Nelson Corp., 900-907 
Nt)rge Heating and Conditioning 
Div., Borg-Warner Corp., 884- 
88,5 

Quincy Stove Mfg. Co., 880 
Spencer Heater Division, 10,54-1055 
Unite<l States Radiator Corp,, 10.50- 
10.57 

Utility Fan ('orporation, 912 
We.stinKhouse Klee, fit Mfg, ('o., 
870-877, 932 

CAGE BOARDS 
Baker Icc Machine C<>„ 943 
Frick (h>mixmy, 940 
Manning, Maxwell tk Moore, Inc., 
1002 

M intumpoIivS- 1 loneywell Regulatt >r 
Co., 1(8)4-1005 

Spence ICnKinwring ('o„ 1010 
Tujsj'lor Instrument Compimi<»s, 

United Stat<*H (range C'o., 1012 

<;agk <;lassrs 

American Radiator 8r SLmdard 
SjiniUiry ('orp,. 1040-1041 
('rune ('t)mpany, 1044-1045 
Jenkins Bro.s., 1080 
Libby-O wens- Ford (Hass C'o., 1 122- 
112.3 

Y.iriuiU-Waring C'o,, 1083 

(;A(;KS, Altitude 
Am<*ricun Rndiat(»r fk Standard 
Siinltary t'orp., 1040-1041 
Bell fk (rOHWtt ('ompany, 1017 
('rane (’onunmy, 1044-1045 
Mcrcoid Corporation, I(K)3 
Tayhm Instrument Companies, 
lOlI 

Triplex Heating Specialty Co„ 
1030-1031 

UnittHl SUtes (range C‘o„ 1012 

<;A(yES, Ammon lA 

Ihiker Ice Muehine (’o., 913 
t'ran(‘ (‘ompany, 1044-1045 
Frick ('oninivny, 940 
Manning. Maxwell 8* Moor<*, |(K)2 
MarttK'ello, Jos. A. ik (h)„ 937 
Merc«(id ('orpomtion, JOOii 
United States Gauge t'o., 1012 
\31tef Mtiimfaettirrng ('o., 949 
York lee Machinery t'orp,, 875 

<;A(rKSt Compound 

Americiin Radiuttjr fk Standard 
Sanitary t'orp,, 1040*1041 
(‘mne (‘ompany, 1044-1045 
Dole Valve ('omtwnv. 1085 
('. A. Dunham ('o., KHH-tOH) 
Hoffman SiM'cialty ('o„ Inc.. 102 4- 
1025 

Illinois ICngineering Co., 1020*1027 
Manning, Maxwell (k M«H»re, Ine., 
1(8)2 

Mereoid ('orpomtion. 100.3 
S.trco ('ompany, Inc.. 1028-1029 
Si»encc Kngineetinii Co., tOtO 
lfnite<l States (*»auge (‘o., 1012 
Warren Webster ik Co., 1032*1035 
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OAiOSSy LiQuid Level 
Detroit Lubricator Co., 992-993 
Henry Valve Company, 997 
Manning, Majcwell & Moore, 1002 
Minneapolis-Honeywell Regulator 
Co., 1004-1005 

Taylor Instrument Companies, 
1011 

United States Gauge Co., 1012 
Yamall- Waring Company, 1083 

GAGES, Pressure 
American Radiator & Standard 
Sanitary Corp., 1040-1041 
Anderson Products, Inc., 1084 
Baker Ice Machine Co., Inc., 943 
Crane Company, 1044-1045 
C. A. Dunham Co., 1018-1019 
Manning, Maxwell & Moore, Inc., 
1002 

Mercoid Corporation, 1003 
Minneapolis-Honeywell Regulator 
Co., 1004-1005 

Spence Engineering Co., 1010 
Taylor Instrument Companies, 
1011 

Trane Company, The, 910-911 
Triplex Heating Specialty Co., 
1030-1031 

United States Gauge Co., 1012 
Webster Engineering Co., 1061 

GAGES, Steam 

American Radiator & Standard 
Unitary Corp., 1040-1041 
Anderson Products, Inc., 1084 
Crane Company, 1044-1045 
C. A. Dunham Co., 1018-1019 
Hoffman Speaalty Co., Inc., 1024- 
1025 

Illinois Engineering Co , 1026-1027 
Manning, Maxwell & Moore, Inc., 
1002 

Mercoid Corporation, 1003 
Minneapolis-Honeywell Regulator 
Co., 1004-1005 

Spence Engineering Co., 1010 
Taylor Instrument Companies, 
1011 

Umted States Gauge Co., 1012 
Warren Webster & Co., 1032-1035 

GAGES, Tank 
Detroit Lubricator Co., 992-993 
Frick Company, 946 
Julien P. Friez & Sons, Div. of 
Bendix Aviation Corp., 991 
Minneapolis-Honeywell Regulator 
Co., 1004-1005 

Taylor Instrument Companies, 
1011 

Wright-Austin Co., 1082 

GAGES, Vacuum 
Anderson Products, Inc., 1084 
Crane Company, 1044-1045 
C. A, Dunham Company, 1018- 
1019 

Julien P. Friez & Sons, Div. of 
Bendix Aviation Corp., 991 
Hoffman Specialty Co., Inc., 1024- 
1025 

Illinois Engineering Co., 1026-1027 
Manning, Maxwell & Moore, Inc., 
1002 

Mercoid Corporation, 1003 
Minneapolis-Honeywell Regulator 
Co., 1004-1005 

Spence Engineering Co., 1010 
Taylor Instrument Companies, 
1011 

Tmne Company, The, 910-911 
United States Gauge Co., 1012 
Warren Webster & Co., 1032-1035 


GAGES, Vapor 
Crane Company, 1044-1045 
C. A. Dunham Co., 1018-1019 
Hoffman Specialty Co., Inc., 1024- 
1025 

Illinois Engineering Co., 1026-1027 
Manning, Maxwell & Moore, Inc., 
1002 

Mercoid Corporation, 1003 
Minneapolis-Honeywell Regulator 
Co., 1004-1005 

Spence Engineering Co., 1010 
United States Gauge Co., 1012 
Warren Webster & Co., 1032-1035 

GAGES. Water 

American Radiator & Standard 
Samtary Corp., 1040-1041 
Baker Ice Machine Co., 943 
Crane Company, 1044-1045 
Detroit Lubricator Co., 992-093 
Frick Company, 94G 
Julien P. Friez & Sons, Div. of 
Bendix Aviation Corp., 991 
Manning, Maxwell & Moore, Inc., 
1002 

Mercoid Corporation, 1003 
Minneapolis-Honeywell Regulator 
Co., 1004-1005 

Taylor Instrument Companies, 
1011 

United States Gauge Co., 1012 
Wright-Austin Co., 1082 
Yarnall- Waring Company, 1083 

GAS BURNERS 
Airtemp Div., Chrysler Corp., 878- 
879 

American Radiator & Standard 
Sanitary Corp., 1040-1041 
Barber Gas Burner Co., 1060 
Coppus Enginecnng Corp., 922 
Crane Company, 1044-1045 
Delco Appliance Div., General 
Motors Corp., 880-881 
Todd Combustion Equipment, Inc., 
1062 

Webster Engineering Co., 1061 
Westinghouse Elec. & Mfg. Co., 
876-877. 932 

GASKETS, Asbestos 
Crane Company, 1044-1045 
Ehrct Magnesia Manufacturing Co., 
1096-1097 

Frick Company, 946 
Jenkins Bros., 1086 
Johns-Manville, 1 102-1 1 03 
Ruberoid Co., The, 11 10- 11 1 1 

GASKETS, Ciorfc 
Armstrong Cork Company, 1093 
Johns-Manville, 1102-1103 
Mundet Cork Corp., 1100 

GASKETS, Felt 
Johns-Manville, 1102-1103 
GASKETS, Rubber 
Ehret Magnesia Manufacturing Co., 
1096-1097 

Frick Company, 946 
enkins Bros., 1086 
ohns-Manville, 1102-U03 

GLASS (^See Insulation, Double 
Glass) 

GLASS BLOCKS 
Owens-Illinois Glass Co., 1115 
Pittsburgh Corning Corp,, 1116 

GOVERNORS, Pump 
Crane Company, 1044-1045 
Kieley & Mueller, Inc., 1080 
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McDonnell & Miller, 1038-1039 
Mueller Steam Specialty Co., Inc., 
1081 

Spence Engineering Co., 1010 
Warren Webster & Co., 1032- 103, > 
Wright-Austin Co., 1082 

GRATES FOR BOILERS AND 
FURNACES 

Combustion Engineering ('o., 1004 
Detroit Stoker Company, 1066- 
1067 

Fitzgibbons Boiler Co., Inc., 10*16- 
1047 

Iron Fireman Mfg. Co., 1068-1009 
International Boiler Works Co., 
1049 

Kewunee Boiler Corp., 10,50-1 0,53 
L. J. Mueller Furnace ('o., 890-891 
D. J. Murray Mfg. ('o., Unit 
Heater & Cooler Div,, 904-905 
United States Radiator ('orp., 105(5- 
1057 


GRILLES, REGISTERS AND 
ORNAMENTAL METAL 
WORK (See also Registers) 

Air Control Products, Inc., 968 
American Blower Corp., 868-869 
American Coolair C'orp., 952-95,3 
Anemostat ('orp. .-Vinerieii, 909 
.\uer Register t'o., The, 970 
Barber-C( liman C'o., 971, 990 
Hart & Cooley Manufacturing ('o., 
974-975 

Hendrick Mfg. (,'o., 97.3 
Independent Register C'o., 97(5 
McQuay, Incorjioiuted, 900-901 
L. J. Mueller Kuriuict* Co., 890-891 
Regist(‘r St (Grille Mfg. ('<>., 977 
Trane ('ompany. Tlie. 910-91 1 
Tuttle & Bailey, Inc., 978-979 
United States Air C'onditioning 
('orp.. 874 

United States Ki'gister t'o., 980 
Waterloo Register ('o., 981 


HANGERS, Pipe 
American I'tadiator Standard 
Sanitary ('orp.. 104(1-1041 
Baker Ice Muchim* t'o., 94.3 
Frick (Company, 946 
Grinnell C'o., Inc., 1020-1022, 1079 
Ric-wil^ Company, 'riie, 1119 
voter Manufacturing t^>.. 949 


HANGERS, Radiator 

American Radiator fk Stumlard 
Sanitary ('orp., 1040-1041 
Cnme t'ompuny, 1044-1045 
Grinnell Co., Inc., 1020-1022, 1079 
United States Radiator Corp., 1056- 
1057 


HEADS, Exhauat 
Cochrane Corporation, 1078 
Crane t^omjiany, 1(H4-I04r> 

Kieley & Miudler, Inc,, 1080 
Wright-Austin t'o,, 1082 

HEADS, Sprinkler (Fire Fr<t4et* 
tion) 

GrinnoU C'o., Inc,, 1020-1(122. 1079 

HEAT SURFACE 
Aerofin Corrmration, 939-941 
Airtherm Manufacturing t'o., 892 
American Blower t'orp., 86H-H09 
Buffalo Forge ComiKiny, 955, 1129 
C. A. Dunham t'<v., 1018.1019 
KliHJtric Air Ih*ater t'o,, Uiv, of 
American Foundry Equipment 
Co., 89,3 

Fcddera Manufacturing Co., 89(5- 
897 

G & 0 Manufacturing Co„ 942 


ot Advertiter* 
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General Klectiic ('omimny, 

1)07. HDO 

McGtiay, Incorporated, 000-1)01 
]MocUn<‘ MamifaeturiuK ('<>., U0i2- 
1)03 

Joim J. Nesbitt, Inc., DOS 
Rotrii?eration Kconomios ('o., 1)01) 

B. K. Sturteviint Co., l)fM).l)01 
Trane ('<nnpany, Th(‘, 1)10-1)1 1 

D. J. Murray M)'«. t'o., Unit 
Heat(T K- ('ooler Div.. l)0‘t-l)0r> 
WestinRhoiise IChr. iSr MfR. 
870-877, 1)32 

h J. VVinM MfR. ('<>., 1)13-1)15 
York Ice MachiiKTy ('orp., 875 
YounR Radiat<»r (Nmipuny, DUi 

HEATKRS, Air 
AeroOn CNurporution. 1)31)-1)*1I 
Air it RefriReration ('orp., 807 
Airtemp Div.. ('hrysler t'orp., H78- 

Airtlierm Manut.u'tuniiR < <>., 81)U 
.Amerit'au Blower t'orp., «0,H-8)U) 
AmerUnin Rutliutor it Stumlanl 
Sanitary t'orp., 1010.10*11 
Autovent Fun it Blower Div., 
Herman Nelnoii t'orp., 1)00-1107 
Baker Ie<* Muchitu* t'o„ 1)*13 
Buflfulo KorK<* t'ompany, 1)55, 1120 
('arri»‘r (’<»rp(>rati<m, 870-871 
t’larufK' Kan t'otui»anv. 872 
t'nmbu.stUm KuRineetinR Co., 1001 
Deleo Aiipliamv* Div., tren<*ral 
Motors t'orp., 880-881 
Dravo t'orpoMtion. 804-81)5 

C. A. Dunham <5*.. lOIH-lOll) 
Kleetric Air Hiviter Co.. Div. t»t 

Am<‘riean Foundry hapiitmumt 
C'o., 803 

Fi‘<ider« M.tnut'aeUirltig Co.. 81MB 
807 


Quincy Stove Mff?. Co., 880 
Spenc(‘r Heater Division. 10,>1-10!)5 
United States R^idiator Corp., 1050- 
10,57 

Willianus Oil-tVMatic Heating 
t'<»rp., 887 

W(‘.stinRhoU8(» Klec. it Mfg. Co., 
87(i-877, 032 

■^’ornig Radiator t'ompany, 010 
HEATERS, Blast 
Aerotin t'orporation. 0,31MM1 
Airtherm Manufaeturing t'o., 802 
.\m<‘nean Blow(‘r t'orp., 808-801) 
Ammiean Radiator it Standard 
Sanitary t'oip., 1040-104 1 
.Autovent Fan it Blower Div., 
Herman Nelson t'oip., 1)00-007 
Bay ley Blower ('omi)any, 054 
Buffalo Forgi' t'ompany, 0.55, 1 120 
t'arrier ('(»ri>oratitm. 870-871 
Cl,iniK(‘ Fan ('ompany, 872 

C. A. Dunham t'o., 1018-1010 
Kleotric .Mr Heater Co., Div. of 

American h'oundry Ktpiipmimt 
t'o., 803 

Fedd(‘rH Manufactuilng Co., 81M1- 
807 

t J il; t) Manufaeturing (‘o., 0*12 
Methiay, Inemporated, 1M)0-001 
MiKline Mfg. Co„ 002-003 

D. J. Murray Mfg. t'i>., Unit 
Heater it t'ooler Div., 001-005 

John J. Nesbitt, Inc., 008 
New York Blower 0.50 
Kefrigeration Fi'ouonues Co,, OOO 
B. lA Sturtevant t'o., 000-001 
Trane (’(unpany. The, 010-011 
Westingliouw Klee, it Mfg. t'o., 
870-877. 032 

L. J, Wing Mfg. t'ii., 0)3-015 
Young Radiator t'o., 010 


Gar VV(kk 1 liulustries, Inc., 882-88.3 
(lenentl KUrtric t'ompany, 000- 
007. 000 

tlrinnell Co., Ine.. 1020-1022. 1070 
Iron Firem.m Mtg. Co„ IO('>H-lOOll 
Mario Coil Comfuiny. 047 
MeQuay. Incorporated. OlKMIOl 
Meyer Funuiee Comi«iny, 1880 
Mmline Mfg. Co.. 1K)2.1«)3 
Herman Nidson t'orp., OtMBOOT 
John J, Nesiutt, lm\, 008 
Norge He.ititttt and <*<mditiorting 
Div.. HorK-Warner t'oip., H8U 
885 

Quincy Stove Mlg. Co., 880 
Refrigeration F,comuui<*s Co., IKK) 

B. F. Sturtevant Co.. OOO.oni 
Trane Company, Tfie, 010-011 
United States Air t'omUtioning 

t'orji.. 871 

Utility Fan t'orporation. 012 
Westinglioiise Klec. & .Mtg, t*o„ 
870-877, 0,32 

L.J. Wing MIg. Co., 013-015 
York Ice .Machinery Coip., H75 
Young Radiator CotuiMriy, Old 

HEAlliRS, Atitomutlc Hot 
W»t0r, DomfNtlc 
American Radiattn it Standard 
J^nltury t'orp,, n>lU-B)H 
Crane t'oinininy, MH4-1045 
Delco Appliame I8v„ (o-netal 
Motors Corp.i HMD 88 1 

C. A. Dunlmru ( o,. UHH BMO 
Fit/nlMHms Boiler Co,. lm*„ BfBB 

1017 

<«arWtHid IndtfMtriefi, Inc., 882«8.8il 
Inm Fireman Mtg, Co., l(8lH«tO<lo 
KewJUlee Boiler Coro., 1()5<M053 
NorKf Heating ami Cmulittoning 
Div., Burg- Warner Corp„ HHl- 
88,5 


HBAI'ERS, Cabinet 
l>(‘lco .Appliance Div., (hmiual 
Motitrs Coip., 880-881 
C, A. Dunham Co.. lOiH-IOlO 
Kleetric Air lleater Co.. Div. of 
.Ntnericun Foundry Kouipment 
Co.. 803 

hedilers Munufacturiug Co., 800- 
807 

tJenerul Kleetric Commiiny, 000- 
0tl7, 000 

NtcQuay, Incorpomted, 000-001 
MiKline .Mfg. Co.. 002-003 
Herman Nelism Cf »rp., 1M)0-1«17 
Jofin j. Nesbitt. Ine., IK)8 
Ahlincy Stove Mfg. Co., 88tl 
B. F. .Sturtevant Co.. 000-001 
Trane t‘omp;iny, The, OlO-OU 
Weil-McDam t ompany, 1050 

1.. J. Wing .Mfg. Co., 013-015 
Young Radiator Co., 010 

IIBATKRS, BIwtHc 
Aiitoveni Fan il« Blower Div., 
Hetman Nelwm t'orp., lK)0-iK)7 
Crane Comtmny, 1044-1045 
Khrlric Air Heater Co,. Div, of 
Ameiican Foundry hapiirmient 
Co„ 803 

(Jeneral Electric Company, Otiti- 
007, 

(;rm»eU Co.. Inc.. 1020-1022. 1070 
B. F, Sturtevant Co,. OtUI-OOl 
Westingltottstt* Klec. iir .Mfg. Co., 
870-877. 032 

1.. J, Wing Mfg. C'o., 013-015 
Yonng Radiator Company, 010 

HKA'I'ERS, Fwtl W»tet 
Brownell CoinjHitiy, 10<13 
Cmdifune Cofp.. 1078 
(General Ele<*trie t'omjwny, 000- 
007, 000 


Westinghouse Klec. isj Mfg. Co., 
87('>-877, 032 

Wortliington Pump Jt Machinery 
Corp., 0.50-0.51 

HEATERS, Fuel Oil 
Airtemp Div., Chrysler Cairp., 878- 
870 

Airtherm Manufacturing t'o.. 802 
.American District Steam C'o., 1074, 
1117 

Hell & Cxossett Co., 1017 
Delco Appliance Div., (b‘ni*ral 
Motors t'orp., 880-881 
Dravo Corporation, 804-805 
(hmiual Kh'ctric ('ompany, 000- 
007. 000 

Rewanec Boiler t'orp.. 10,50-1053 
Meyer Furnace t'o.. 880 
Todd t'ombustion Kauipment, Inc., 
1002 

Weil-'McUiin ('ompany, 10.50 
Williama ()iI-<)-Matic Hmting 
('orp.. 887 

HEATERS, 

Airtlu^rm Manufacturing Co,, 802 
Arneriain Radiator & Standard 
S.initary ('iirp., 1040-1041 
Crane ('ompany. 1044-1045 
Burnham Boiler ('tirp.. 104, 3 
Dravo t'orporation. 804-805 
C. A. Diiuliam Co., 1018-1010 
(riuKTal IChrtric t'omiwiny, 000- 
007, 000 

Kewanee Boiler t'orp., 10,50-1053 
.Meyer Furnace ('ompany, 880 
Norge Heating aiul Conditiorung 
Div„ Borg- Warner t'orp., 884- 
885 

I'^tility F'an t'orporation. 012 
HEATERS, Hot Water Service 
Aerofm C'orpi^ration, 1)30-041 
,\merlc,in District .Steam Co„ 1074, 
1117 

American Hatliator 31 Standard 
vSaniUiry t'orp., 1010-1041 
Belt ik (lOSHett ('»>„ 1017 
Brownell Company, 1003 
Burnham Boiler t^orp., 1013 
('nine Company, 1044-1045 
Delco Appliance Div., General 
Motors tairp., 880-881 
I'itzgibhons Boiler C'(t„ Inc,, 1040- 
1047 

(hir W<«k 1 Imlurttries, Ine,, HH2-88it 
Internatiomil Boiler Works Co„ 
1040 

Kewanee Boiler ('(trii., 1050-1053 

I.. J. MuelliT Furnace thi.. 800-801 
j. J. N»*rtbitt. Inc., OOK-OIH) 

Paeiae Stetd Boiler Div., U. S. 

Rmliator t'orp,. 1058 
Quincy Stove Mlg. (*<»., 880 
J^ieiicer Heater Division. 1054-1055 
Trane Comiuny, The, 010-01 1 
Triplex He.iting Sis'dalty t'o., 
1030.103) 

WeNringbouM* KUr, ftr Mfg. Co„ 
870.877, 032 

HEATERS, Indirciri 
Aerotin Corporation, 030-Ott 
Amerh'an District ^eam Co., 107 ♦, 
U17 

American Radiator ik Statulafd 
Sanitary Corp,, 1040-1011 
Bell «t Gossett t'o.. 1017 
Crane Company, 1014-1045 
Folders Mantifaetiuing Co., 800- 
807 

FiGsgibbons Boiler t‘u., Inc., 1040- 
1047 

Kewanee Boiler Corp.. 1050-1053 


Num«r»l« funowiotili M»«u#*ctur«fn» N»m«t r«f«r to poRcs In CacaIoh Dot* Section 
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Triplex Heating Specialty Co. 
1030-1031 

L. J. Wing Mfg. Co., 913-915 
HEATERS, Refusa Burning 
Kewanee Boiler Corp., 1050-1063 
L. J. Mueller Furnace Co., 890-891 

HEATERS, Storage 
American District Steam Co., 1074, 
1117 

American Radiator & Standard 
Sanitary Corp., 1040-1041 
Bell & Gossett Co., 1017 
Brownell Company, 1063 
Burnham Boiler Corp., 1043 
Crane Company, 1044-1045 
General Electric Company, 966- 
967. 996 

Kewanee Boiler Corp., 1050-1053 

HEATERS, Tank 
American District Steam Co., 1074, 
1117 

American Radiator & Standard 
Sanitary Corp., 1040-1041 
Bell & Gossett Co., 1017 
Burnham Boiler Corp., 1043 
Crane Company, 1044-1045 
Fitzgibbons Boiler Co., Inc., 1046- 
1047 

Gar Wood Industries, Inc., 882-883 
Grinnell Co., Inc , 1020-1022, 1079 
International Boiler Works Co., 
1049 

Kewanee Boiler Corp., 1050-1053 
L. J. Mueller Furnace Co., 890-891 
Pacific Steel Boiler Div., U. S. 

Radiator Corp., 1058 
Spencer Heater Division, 1064-1055 
Umted States Radiator Corp., 1056- 
1057 

Weil-McLain Company, 1059 
Westinghouse Elec. & Mfg, Co., 
876-877, 932 

HEATERS, Unit 
Airtherm Manufacturing Co., 892 
American Blower Corp., 868-869 
Autovent Fan & Blower Div„ 
Herman Nelson Corp., 906-907 
Bayley Blower Company, 954 
Buffalo Forge Company, 955, 1129 
Burnham Boiler Corp., 1043 
Carrier Corporation, 870-871 
Clarage Fan Company, 872 
Crane Company, 1044-1045 
Delco Appliance Div., General 
Motors Corp., 880-881 
Dravo Corporation, 894-895 

C. A. Dunham Co., 1018-1019 
Electric Air Heater Co., Div. of 

American Foundry Equipment 
Co., 893 

Fedders Manufacturing Co , 896-897 
Grinnell Co., Inc., 1020-1022, 1079 
Hastings Air Conditioning Co., 898 
Iron Fireman Mfg. Co., 1068-1069 
Kramer Trenton Co., 899 
McQuay Incorporated, 900-901 
Modine Mfg. Co., 902-903 

D. J. Murray Mfg. Co., Unit Heater 
and Cooler Div., 904-905 

Herman Nelson Corp., 906-907 
John J. Nesbitt, Inc., 908 
New York Blower Co., 959 
Quincy Stove Mfg. Co„ 886 
Refrigeration Economics Co., 909 
B. F. Sturtevant Co., 960-961 
Trane Company, The, 910-911 
United States Air Conditioning 
Corp.. 874 

United States Radiator Corp,, 1056- 
1057 

Warren Webster & Co., 1032-1035 


L. J. Wing Mfg Co., 913-915 
Young Radiator Company, 910 

HEATERS, Unit, Gas Fired 
Airtherm Manufacturing Co., 892 
American Radiator & Standard 
Sanitary Corp., 1040-1041 
Buffalo Forge Company, 965, 3 129 
Crane Company, 1044-1046 
Dravo Corpomtion, 894-895 
C. A. Dunham Co., 1018-1019 
McQuay, Incorporated, 900-901 
L. J. Mueller Furnace Co., 890-891 
Trane Company, The, 910-911 

HEATING SYSTEMS, Air 
Aerofin Corporation, 939-941 
Air & Refrigeration Corp., 867 
Airtemp Div., Chrysler Corp., 878- 
879 

Airtherm Manufacturing Co., 892 
American Blower Corp., 868-869 
American Radiator & Standard 
Sanitary Corp., 1040-1041 
Buffalo Forge Company, 955, 1129 
Burnham Boiler Corp., 1043 
Carrier Corporation, 870-871 
Clarage Fan Company, 872 
Crane Company, 1044-1045 
Delco Appliance Div., General 
Motors Corp., 880-881 
Dravo Corporation, 894-895 
C. A. Dunham Co., 1018-1019 
Fedders Manufacturing Co., 896- 
897 

Gar Wood Industries, Inc., 882-883 
General Electric Company, 960' 
967, 996 

McQuay, Incorporated, 900-901 
Meyer Furnace Co., The, 889 
Modine Mfg. Co., 902-903 
L. J. Mueller Furnace Co., 890-891 
Herman Nelson Corp., 900-907 
John J.Nesbitt, Inc., 908 
Norge Heating and Conditioning 
Div., Borg-Warner Corp., 884- 
885 

Quincy Stove Mf§. Co., 886 
Spencer Heater Division, 1054-1055 

B. F. Sturtevant Co., 960-901 
Trane Company, The, 910-911 
United States Radiator Corp., 1050- 

1057 

Westinghouse Elec. & Mfg. Co., 
876-877, 932 

L. J. Wing Mfg. Co., 913-915 
York Ice Machinery Corp., 875 
Young Radiator Company, 916 

HEATING SYSTEMS, Auto- 
matic 

Airtemp Div., Chrysler Corp., 878- 
879 

American Radiator & Standard 
Sanitary Corp., 1040-1041 
Anderson Products, Inc., 1084 
Barber Gas Burner Co., 1060 
Burnham Boiler Corp., 1043 
Carrier Corporation, 870-871 
Crane Company, 1044-1045 
Delco Appliance Div., (General 
Motors Corp., 880-881 
Dravo Corporation, 894-895 

C. A. Dunliam Co., 1018-1010 
Electric Air Heater Div. of Ameri- 
can Foundry Equipment Co„ 893 

Gar Wood Industries, Inc., $82-8^ 
General Electric Company, 90fi- 
967, 096 

Hoffman Specialty Co., Inc., 1024- 
3025 

Illinois Engineering Co., 1026-1027 
Iron Fireman Mfg. Co., 1008-1009 
Meyer Furnace Company, 889 
MotorStoker Division Hersliey Ma- 
chine & Fdy. Co., 1065 


L. J. Mueller Furnace Co., 890-891 
Herman Nelson C'orp., 906-907 
Norge Heating and Conditioning 
Div-, Borg-Warner Corp., ^4- 
885 

Quincy Stove Mfg. Co., 880 
Sarco Co., Inc., 1028-1029 
Spence Engineering Co., 10 lO 
Spencer Heater Division, 1054-1055 
Trane Company, The, 910-911 
United States Riidiator Corp., 1050- 
1057 

Westinghouse Elec. & Mfg, Co., 
876-877, 932 

Williams Oil-O-Matic Heating 
Corp., 887 

Warren Webster & Co., 1032-1035 
L. J. Wing Mfg. Co., 913-915 
York Ice Machinery Corp., 875 

HEATING SYSTEMS, Furnace 
Airtemp Div., Chrysler C'orp,, 878- 
879 

Airtherm Manufacturing ('o., 892 
American Radiator & Standard 
Sanitary Corp., 1040-1041 
Carrier Corixiration. 870-871 
Crane Company, t044-104,*» 

Delco Api>Iiance Div., <r<in<*ral 
Motors Corp., 880-881 
Gar Wood Industries, Inc., 882-883 
Geneml Kh'ctrie ('ompany, 900- 
907, 990 

Meyer Furnace ('ompany, 

L. J. Mueller Furnae<‘ Co., 890-891 
Herman Nelson ('orp., 900-907 
Norge Hciiting and ('onditioning 
Div., Hfirg- Warner (‘orr>., 884- 
885 

Quincy Stove Mfg. C'o., 880 
Spencer Heater Division. 10.5 MO.'}, > 
United States Radiator ('orp., 105(1- 
1057 

Westinghouw^ Elec. H: Mfg. (*o., 
870-877, 932 

Williams Oil-O-Matic Heating 

('orp.. 887 

L. J. Wing Mfg. ('o., 913-915 

HEATINC; SYwHTEM.S. Fired 

Airtemp Div., Chrysler ('orp., 878- 
879 

Airtherm Munufueturing <'o., 892 
American Blower Carp,, 808-8(>9 

American Radlul<ir ife Standard 

Sanitary (’orp., 1040-1041 
Barnes & Jones. Inc., 1010 
Burnham Boiler ('orp,, 1043 
Carri<‘r ('onxiration, 870-871 
Crane ('omjnmy, 1044-1045 
Delco Appliance Div., Gimerul 
Motors Corp,, 880-881 
Dravo ('orporution, 894-895 
C. A. Dunham <'<>., 1018-1019 
Gar Wood Industru-s, Ine., 882-88.3 
(Jeneml Electric Comiwiny, 900- 
907, 990 

Kewanee B<jiler (’o«i., 1050-10543 
Meyer Furnaee t'o., The, 889 
U J. Mueller Kurruice Co., HtKl-891 
Herman Nelson Cort).. 1HH>-1K)7 
Norge Heating and < 'onditioning 
Div., Borg-Wurn<*r ('orp,, 884- 
885 

Spimcer Heater Oi vWtm. 1054-1055 
Trane (hnupiiny. The, 910-9U 
United States Radiittor<*orp., 10741- 
1057 

Westinghouw* Khv. Kj Mfg. Ctu, 
870-877, 932 

HEATING SYSTEMS, Hut 
Water 

Airtemp Dlv„ ('hrysler ('orp.* 87H- 
879 

American Blower <*<irp., 808-809 
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American Radiator & Standard Illinois EnKineering t'o.» 102(1-1027 HOSE, Refrifterant (Ihaittifift 
Sanitary Corp., 1040-1041 Kewance Boiler Corp., lO.W- 1053 H#>nrv Volvr* 0<>7 

Boll & Oossett Co.. 1017 Module Manufacturing Co,. 002-903 ^alve Company, 9,17 


Burnham Boiler t'orp., 1013 
Crane ('ompany, 1044-1045 


L, J. Mueller Eurnace Co., 890-801 HOT WATER HEATING SYS- 


Herman Nelson Corp., 000-907 


Delco Appliance Div.. (Jenerul Norge Heating and Conditioning 


Motors Corp., 880-881 
Gar Wood Industries, Inc., 882-883 


Div., Borg-Warner Corp., 884- 
885 


TEMS (.Sec Healing, .Systems, Hot 
Water) 

HUMIDIFIERS 


Crenera! Ek'ctric C'onipany, 900- 
907, 990 

Hoffman Specialty ('o„ lnc„ 1024- 
1025 

Kewjinee Boiler C'orp., 10.50-10,53 
McQuay, Incorporati'd, 900-901 
Modine Mfg. ('o.. 902-903 


Ric-wiL C'ompany, The, 1119 
Sarco C.ompany, Inc., 1028-1029 
Spence Engineering Co., 1010 
Spencer Heater Division, 10,54-1055 
Trane C'o., The, 910-91 1 
lTnit«‘d States Radiator Corp., 10,5(5- 
10,57 


Air & RefrigenUion t'orp., 807 
American Blower t'orp., 808-8()i) 
Ameriain Moiateiimg Co., 934 
.\merican Radiator & Standard 
Sanitary ('orp., 1040-1041 
.\rnistrong Machine Works, 1070- 
1077 


L. J. Mueller Furnace ('<)., 890-891 
Herman Nelson Corp., 900-1K)7 
Norge Hi'ating and ('onditioning 
Div., Borg-Warner ('orp., 884- 
885 

Spencer Heater Division, 1054-10,55 
Trane Company, The, 910-911 
Triplex Heating Specialty t'o., 
978-9751 

United State.s Radiator <'orp„ 
10,50-10,57 

Westinghouse Ele<'. & Mfg. t'o,, 
87(1-877. 932 

Williams ()il-G-Muti<' Hi'ating 
Corp., 887 

U. J. Wing Mfg. ('o., 913-915 
HEATIN<; SYSTEMS, Oil Fired 
Airtemp Div., Chrysler (‘<»rp„ 878- 
879 

Ainherm Manutaeturing ('<>., 892 
.\nu‘rican Radiator 8£ Standard 
S.uvitary <'tirp., 1040-1041 
Barnes it Jones, Inc.. KHO 
Burnham Boiler Corp., 1043 
<'urrier Corpoiatlon, 870-871 
('nine Company, 1014-1045 
Delco Appliance Div., GitutuI 
Motors Corp., 880-881 
Dravo (Nirpoiatiitu, 894-89,5 
<JarWood Industries, Inc.. 882-883 
('reneral Electric ('ompany. 900- 
907, 990 

Rewanei^ Boiler Corp., 1050-1053 
Meyer lOtrnace Co.. The, 889 
i*, J, Mueller l*4iinaee Co., H90-H91 
Herman N<4son (’orii,, 

Norge Heating and (’onditioning 
Div,, Borg-Warner ('ort*., 884- 
885 

Guincy St<ive Mfg, Co., 880 
Spencer Heater Divisitm. 1054-1055 
Trane (himimny. The, 910-91 1 
Ihilted States Radiator (’orp„ 1050- 
10,57 

Westinghouse KUs', 5: Mfg. (*o„ 
870-877, 932 

Williams oihG-Matic Heating 
Cort»., 887 

HEATIN<; SYSTEMS, Su^m 
Airtemp Div., Chrysler t'orp., 878- 
879 

Alftherm Marmtacturing t'o.. 892 
Ameriwin lUtdiator Ik Staudanl 
f^itiitary Corp.. 1040-1041 
.VnderMon Frrsfticis Inc., lOK-l 
Bjirnes It Jones, Inc., 1010 
M thfsw^tt Co„ 1017 
Hurnluim Boiler Corp., 1043 
Carrier Corjmmtion, 870*871 
<'fane ('iimjKiuy. 1044 1045 
Delco Appliance Div,, Genei.il 
.Motors t‘{»rp., 880*881 
<'. DimltHtn <‘om I01H4019 
“(iitr W(K)cl Induntrii*-*, Inc., 882*883 
Geuetid Elmric (‘omiMUy. 900- 
907, 990 

william S. Haines 8t Co.. B»23 
Hoffman Specialty t'o., Inc.. 1021- 
1025 


Warren W<‘bster & Co., 1032-1035 
Westinghouse Elec, & Mfg. Co., 
870-877, 932 

VV5Uiums Oil-O-Matic Heating 
Corp., 887 

D. J. Wing Mfg. ('()„ 913-915 

HEATING SYSTEMS, Vacuum 
American Radiator & Standard 
Sanitary ('orp., 1040-1041 
Anderson Products, Inc., 1084 
Barnes Ht Jones, Inc., 1010 
Burnham Boiler ('orp., 1043 
('rune ('ompany, 1044-1045 
D<‘lco Appliance Div., (lfen(‘nd 
Motors ('orp., 880-881 
('. A. Dunham ('<>„ 1018-1019 
(iar Wood Indiwtries, Inc., 882-88ii 
(Jeneral El(*ctri<; ('omiiany, 900- 
907. 990 

William S. Haines & Co., 1023 
Hoffman SjH*cialty ('o., Im%, 1024- 
1025 

Illinois Engineering Co., 1020-1027 
Modine Manufacturing ('o., 902- 
903 

D. J. Mueller Kitrnaco Co., 890-891 
Sjirco Comiaujy, Inc., 1028-1029 
Spencer Heater DivlHion. 1054-1055 
Trane ('ompany. The, 910-911 
United States Radiator ('orp., 10.50- 
1057 

Wurnm Webster 8c <'o., 1032-10,35 
Westinghouw* Elec, (ft Mfg. ('o., 
870-877, 932 

VViltl.uns Oil-D-Matie Heating 
('orporation. 887 

HEATlN<i SYS'tEMS, Vapor 
Airtemp Div,. Chrysler ('orp,, 878- 
879 

,\n»erican District Steam (*o„ 1074- 
1117 

American Ru<Hator & Standard 
Sinitary C<irp., 1040-1041 
Burnes Ik Jtim*H, Inc., 1010 
Crane Comtainy, 1014-1045 
Delco AppUance Div., General 
Motors C«irp.. 880-881 
A. Dunham Co., 1018-1019 
Gar Woorl Industrii^, Inc., 882-883 
General Electric ('ompany, 900- 
907. 990 

William S. Haines 8r ('<i„ 1023 
Hoffmain SpiH'ialty <h*.. Inc., 1024- 
1025 

Illinois Enginn^ring C'o,. 1020-1027 
.Mislinc Manufacturing C»».,90‘2«903 
1., J. Muellet Furnace (*o.. 8tKl-891 
ilernum Nelson Ctirp., 90(i-tKl7 
Sarco Company. Inc., 1028-1029 
SiM‘m'er Heater IltviHiou. 1054-105,5 
Trane Comswny, Tin*. 910-91 1 
Unitwl States Radiator ('orp., 10.50- 
1057 

Warren Webster «r Co,, 1032-1035 
Westinghouw* Khn*. 8t Mfg, Co„ 
H70-H77, 932 

WilHums DB-D-Mutle Heating 
Corp., 887 


Baker Ice Machine ('o., 943 
Itarbcr-C'olman Co., 971, 990 
Buffalo Forge C'ompany, 955, 1129 
Burnluim Boiler ('orp., 1043 
('airrier Corporation, 870-871 
C'lanige Kan C'ompany. 872 
Delco Appliance Div., ('renenil 
Motors C'orp., 880-881 
Julien P, Kriex Ik Sons, Div. of 
Bendix Aviation C'orp., 991 
(Jeneml Electric C'ompany, 960- 
907. 990 

CJrinnell C'o., Inc., 1020-1022. 1079 
Johnson Service Co„ 998-999 
McDonnell & Miller, 1038-1039 
McQuay, Incorporated, 900-901 
Meyer Furnace ('o., The, 889 
L. J. Mueller Furnace C'o,, SiK)-89l 
D. J. Murray Mfg. C'o., Unit 
Heater & ('ooJer Div., 9(M-905 
Parks- ('iam(‘r ('ompany, 873 
H, J. Somers, Inc,, 928 
B. F'. Sturtevanl Co., {100-90 1 
Trane ('ompany, The, 910-911 
United States Air ('onditioning 
('orp., 874 

Utility Fun C'orporation, 912 
Weil-McLain ('ominmy, 1059 
Westinghouse Elec. 8: Mfg. Co,, 
870-877, 932 

HUMIDIFIERS, Gcntral Plant 
Air Ik Rcfrig<‘ratiou ('orp., 807 
Am<*rican Blower ('orri., 808-809 
Armstrong Machine Works, 1070- 
1077 

Baker Ire Machine C'o,, 943 
Burl>er-('olman ('o., 971, 990 
Bayley Blower C'ompiiny. 054 
Buffalo Forge C'ompany, 955, 1129 
C'arrlcr (‘orporation, 870-871 
('larage F’an C'ompany, 872 
Delco Apfiliancc Div., General 
Motors ('orp,, 880-881 
Gar Wotxl Industrie's, Ine., 882-883 
(Jeneral Eh'ctric ('ompany, 900- 
907. 990 

Johnson Service* C'ompany, 9{l8-999 
Meyer Furnace C'o., The. 889 
Parks-C'ramer ('ompany, H73 
I'owers Regulator ('o., 100IA*1(KMI 
H. J. Somers, Inc.. 928 
H, F, Sturtevant (‘o., 900-901 
Tmne Company, The, 91(M)11 
(InIted States Air Comlitioning 
Corp., 874 

Westinghouse Elec. Ik Mfg, Co, 
870-877. 932 

York Ice Mu(''him*ry Corp., 875 

HUMIDIFIERS, Unit 
Air Ik Refrigeration ('orp,. 807 
,\irtemp Div., Clirysler C'orp., 878- 
879 

American Bhiwer Corp,, 808-8(i9 
.Vmcrtcau MolHt<‘«inK ('o., 931 
Armstrong Maihinc Works, 1970- 
1077 

Buffalo Forge Company, 955, 1129 
Burnlum Boiler Corp,, 1043 
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Carrier Corporation, 870-871 
Clarage Fan Company, 872 
Delco Appliance Div., General 
Motors Corp., 880-881 
Dravo Corporation, 894-895 
General Electric Company, 966- 
967, 996 

Grinnell Co., Inc., 1020-1022, 1079 
Marley Company, The, 936 
McQuay, Incorporated, 900-901 
D. J. Murray Mfg. Co., Unit 
Heater & Cooler Div., 904-905 
Parks- Cramer Company, 873 
H. J. Somers, Inc., 928 
B. F. Sturtevant Co., 960-961 
Trane Company, The, 910-911 
United States Air Conditioning 
Corp., 874 

HUMIDITY CONTROL 

American Moistening Co., 934 
Anemostat Corp. of America, 969 
Armstrong Machine Works, 1076- 
1077 

Barber-Colman Co., 971, 990 
Carrier Corporation, 870-871 
Delco Appliance Div., General 
Motors Corp., 880-881 
Detroit Lubricator Co., 992-993 
Julien P. Friez & Sons, Div, of 
Bendix Aviation Corp , 991 
Fulton Sylphon Co., 994-995 
General Electric Company, 966- 
967, 996 

Grinnell Co., Inc., 1020-1022, 1079 
Johnson Service Co., 998-999 
Manning, Maxwell & Moore, Inc., 
1002 

Mercoid Corporation, The, 1003 
Minneapolis-Honeywell Regulator 
Co.. 1004-1005 
Parks-Cramer Company, 873 
Penn Electric Switch Co., 1007 
Powers Regulator Co., 1008-1009 
H. J. Somers, Inc., 928 
Taylor Instrument Companies, 1011 
White-Rodgers Electric Co., 1013 


INSTRUMENTS, Indicating, 
Controlling and Recording 


Cochrane Corp , 1078 
Detroit Lubricator Co., 992-993 
Juhen P. Fnez & Sons, Div. of 
Bendix Aviation Corp., 991 
General Electric Company, 966- 
967, 996 

Illinois Testing Laboratories, Inc,, 


1000 ^ ^ ^ 
Johnson Service Company, 998-999 
Leeds & Northrup Co„ 1001 
Minneapolis-Honeywell Regulator 
Co., 1004-1005 
Palmer Company, 1006 
Powers Regulator Co., 100^1000 
Taylor Instrument Companies, 1011 
United States Gauge Co., 1012 
Westinghouse Elec. 8c Mfg. Co., 
876-877, 932 


INSULATION, Building 
Aluminum Aircell Insulation Co., 
1092 

April Showers Company, 935 
Armstrong Cork Company, 1093 
Carey, Philip, Co., 1094 
Celotex Corporation, The, 1095 
Eagle-Picher Lead Co., 1098 
Ehret Magnesia Manufacturing Co., 
1096-1097 

Insulitc Company, The, 1100-1101 
Insulation Industries, Inc., 1099 
Johns-Manvillc, 1 102-1 103 
Kimberly-Clark Corp., 1104-11 05 
Libby-Owens-Ford Glass Co., 1122- 
1123 

Mundet Cork Corp., 1106 
National Gypsum Co., 1 107 
Owens-Corning Fibcrglas Corp., 
926-927 

Pacific Lumber Co , The. 1108 
Reynolds Metals Co„ 1109 
Ruberoid Co., The, 1110-1111 
United States Gypsum Co., 1112- 
1113 

Wood Conversion Co., 1114 


HUMIDITY RECORDERS and 
INDICATORS 

American Moistening Co., 934 
Julien P. Fnez & Sons, Div. of 
Bendix Aviation Corp., 991 
Grinnell Co., Inc., 1020-1022, 1079 
Leeds & Northrup Co., 1001 
Minneapolis-Honeywell Regulator 
Co., 1004-1005 
Palmer Company, 1006 
Powers Regulator Co., 1008-1009 
Taylor Instrument Companies, 1011 

HYGROMETERS (See also Hu- 
tdity Recorders and Indicators) 

American Moistening Co., 934 
Detroit Lubricator Co., 992-993 
Julien P. Friez 8c Sons, Div. of 
Bendix Aviation Corp., 991 
Grinnell Co., Inc., 1020-1022, 1079 
Johnson Service Co., 998-999 
Palmer Company, 1006 
Parks-Cramer Company, 873 
Taylor Instrument Companies, 1011 

INDUCED DRAFT COOLING 
TOWERS (See also Cooling 
Towers^ Rorced Draft, Mechanical 
Draft) 

Baker Ice Machine Co., 943 
Buffalo Forge Company, 956, 1129 
Marley Company, 936 
D. J. Murray Mfg. Co., Unit Heater 
& Cooler Div., 904-906 
York Ice Machinery Co., 875 


INSULATION, Double Glass 
Libby-Owens-Ford Glass Co., 1122- 
1123 

Owens-Illinois Glass Co., 1115 
Pittsburgh Coming Corp., 1116 

INSULATION, Ducts, Ventilat- 
ing, Air Conditioning 
Aluminum Airccll Insulation Co., 
1092 

Armstrong Cork Company, 1093 
Carey, Philip, Co., 1094 
Celotex Corporation, 1095 
Eagle-Picher Lead Co„ 1098 
Ehret Magnesia Mfg. Co., 1096- 
1097 

Insulation Industrie.*?, Inc., 1099 
Insulite Company, The, 1100- 1 10 1 
Johns-Manville. 1102-1103 
Mundet Cork Corp., 1100 
National Gypsum Co., 1107 
Owens-Corning Fibcrglas Corp., 
926-927 

Pacific Lumber Co., 1108 
Reynolds Metal Co., Inc., 1100 
Ruberoid Co., The, UlO-UU 
United States Gypsum Co., 1U2- 
1113 

Wood Conversion Company, 1114 

INSULATION, Felt 
Carey, Philip, Co., 1094 
Eagle-Picher Lead Co., 1098 
Ehret Magnesia Mfg. Co., 1096- 
1097 

Insulation Industries, Inc,, 1099 
Johns-Manville, 1102-U03 


Kimberly-Clark Corp.. 1104-1105. 
National Gypsum Co., 1107 
Ruberoid Co., 11 10-1 111 

INSULATION, Glass Block 
Owens-Illinois Glafis Co., 111,5 
Pittsburgh Corning Corp., 1 1 16 

INSULATION, Magnesia 
Carey, Philip, Co., 1094 
Ehret Magnesia & Mfg ('<>., 1096- 
1097 

Johns-Manville. 1102-1103 
Ruberoid Co., The, 1110-1111 

INSULATION, Pipes and Sur- 
faces (.SVr Cover ing.s\ Pipes amt 
Surfaces) 

INSULATION, Plastic 
Eagle-Picher Lead Co., 1098 
Ehret Magnesia & Mfg, C'o., 1096- 
1097 

Johns-Munville, 1102-n<K3 
National Gypsum Co., 1 107 
Ruberoid Co., The. U 10-11 1 1 
United States (rypsum ('o., 1112- 
1113 

INSULATION, Reflective Metal 
Aluminum Aircell Insulation Co„ 
1092 

Reynolds Metals C'o.. Ino., 1109 
United States CJyp.sum <'o., 1U2- 
1113 

INSULATION, Refractory 
Babcock & Wilc*ox, 1042 
C'arey, Philii) Co.. 1094 
hkigle-Picher L<‘ud t'o., 1098 
Ehret Magne.sia Mtg. C’o., 1090- 
1097 

Johns-Manville, 1102-1103 
Ruberoid C'o., The, 1 1 lO-l 1 1 1 

INSULATION, Sound Deaden- 
ing (See also Fell, Sound 
Deadening) 

Aluminum AfrceH Insulation C'o., 
1092 

Armstrong C^)rk Commny, 1093 
Carey, Philip, C'o., 1094 
C'elotex C'orporatioa, 1095 
EaRlc*-Picher Lead Co., 1098 
Ehret Magnesia Mfg. <'o., 1096- 
1097 

Insulation Industries, Inc., 1099 
Insulite C.omtKiny, IKKMUII 
Johns-Manville, 1 102-1103 
Kimherly-C'lark C'orp., no4-1 105 
Libby-Owens-Ford (rlass Co„ 1 122- 
1123 

Mundet C'ork C'orp., 1100 
National (rypsuni C'o,, U07 
Owens-C'orniuR Fiberglus C'orp., 
926-927 

Pacific LumlH^r C'o., The. 1 lOH 
11. W. Porter Ik C'o.i XI 18 
Reynolds Metals CV*., Im*., 1109 
Ruberoid Co., The. J 110-1111 
United States Irypsum C'o,. 1U2- 
1113 

Wood Conversion Company, U14 

INSULATION, Structural 
Armstrong C'ork C'omiatny, 109Jt 
Celotex C'orporation, 1095 
Insulite Company, IKKl-llOl 
johns-Manvlfie, 1102-1103 
Libby-Owens-Ford Glass Co., 1 1*22- 
1123 

United States (rypsum C'<i., 1112- 
1113 

Wood Conversion C'ompany, U14 


Please mention THE GUIDE 1942 when writing to Advertisers 


1150 



INDEX TO MODERN EQUIPMENT 


INSULATION, Undcrftround 
Steam Pipe 

Amorioan District St<‘um C'o., 1074, 
1117 

E. B. B;ul}?<‘r it Sons < o., 107.’) 
Caroy, Philip, Co., 10114 
Eajtlf-Pu'lier L<*.ul ('o., lOOH 
Khret MaKH<*sia MfK. U«»., 1000- 
1007 

Insulation Industries, Iiu., 1000 
Johns- Manville, 1 102- HOB 
National (Jypsum ('o., 1107 
()\venH-t'oitun« FiberRlas < orp., 
020-1)27 

H. W. Porter it t'o., lllS 
Ric-wiI* t'ompany, Tins 1 1 10 
Ruherohl t'o.. The, lllO-llll 
\Vo(kI (’ouversion ('ompany, 1114 

INSULATION, Window, Double 
GlazinAf Screenn 
Insersoll Steel it Disc Div., BorR- 
Wurne: Uorn.. 1120-1121 
Li bhy-t > wens- Ford tlLiss Uo„ 1122- 
112;t 

INSULATOR, Water 
April Showers, luc., O.Vi 
LATH, In«ulative oSVc /Vfn//r 
/J<nr, itisultUiott) 

LIMK SCALE CON TROL 
Dakite Produets, O.Ti 
Reseitrch Products ('orp., 02.*J 

HOUID LEVEL CONTROLS 
AU'o Valv<‘ t'o., OHH 
C<K'hrane I'orpM I07K 
Detroit l.ubricator <’o„ 002-00;t 
Frick ('ompituy. 010 
Joiinstm S(‘rvlce <*o., OOH-000 
Kieley it M Heller, luc., I OHO 
McDonnell it Miller, lOHK-lOHO 
Mercoid ('or{>oration, UKk'i 
^^inne.lp^^liH• Honeywell ReRulator 
t'o., 1<K)4. 100.1 

Mueller Steam Simeialty (*»>., liw., 
lOHl 

Penn Khs’tric .Switch <‘o., i(K>7 
Siirco Company, Inc., 102H-J020 
Spence EuKineerlnu <'o., 1010 
Tuylor liwtnunem t'lmiiMuies, Kill 
WriKht-AiiHtin Co„ 10K2 

LIQUID LEVEL <;A<iES (.Wc 
iidfii's, Liqititl /.ctWi 

LOlfVERS 

Air t'ontrol Pnalucts, t«c,, OOH 
American Cooluir (‘orp,, 052-0A1 
Aneniostat Corp. ot ,\i«erica, 000 
Auer KeHiJ<ter 070 
Aiitovent Fan it Blower Div,, 
llenmitt Nelam Cofp., IKHkOOT 
Barher-Colnwin Co., 071. IHM) 
Btdlalo Foigi‘ ( omiMtiy, O.V», 1120 
(’Immpion Blower it Forue Co., 0.10 
t'kiraite Fan (‘omtainy, K72 
Hart it C<«»ley MIk. Co., 074'07d 
Hmlrlck Ml**. Co., 07d 
lnde|M*ndent He«ister Co„ 070 
jolmhott Service (‘ompany, OOH-WO 
ReKlHter It <iril|e Mir. Co„ 077 
B. F, Sturlevant Co„ OtKMHll 
Trane ('orntwiny. The, OBMiH 
Tuttle K* Bailey. Ine.. 07H4I70 
Unitf'il States Register Cu., OHO 
WaterhH) Heitii^tei Co,. OHl 

MANHOLE CX>VERS, For 
Iliid«tf4r<mtt4 Syi»t«m« 
American Ctmhdt ('otp„ 

Amerlc,ui Distrh*t Steam t‘o., 1074. 
U17 

I), J. Murray Mi«, (’o., Unit Heater 
it C<«*lef Dlv„ OOLSKi:* 


II. W. Porter & Co., 1118 
Ric-wiL ('ompany, The, 1119 

MECHANICAL DRAFT APPA- 
RAITJS (.SVf'rt/vo lilmvets. Forced 
Draft) 

Anierunm Blower C'orp., 8(58-800 
Buffalo Forge C'ompany, Or),*!, 1120 
H. h'. Sturtevant Co., 1)00-001 

mechanical DRAFT COOL- 

IN(; TOWERS (See also Cooling 
T(yiver'i, Forted Draft, Induced 
Draft) 

Baker Ice Machine ('o„ 042 
Buffalo Forge t'ompany, O.lo, 1120 
Marley ('ompany, 02(5 
Mario ('oil Company, 047 
V'ork Ic<‘ Machinery ('orp., 875 

METALS Perforated (See Per- 
forated Metah) 

METERS, Air 

Julien P. Frier, it Sons, Oiv. of 
Itendix Aviation ('orp,, 091 
Illinois Testing Laboratorh*a, 1000 
Mi linen polls- 1 loneywell Regulator 
Co., 1004-1005 

Taylor lUHtrurmuit ('ornpanies, 101 1 
METERS, Air Velocity 
Audersoii Products, Inc., 1084 
Julien P. Krie/5 & Sons, Div. t)f 
B(m(H.x Aviation ('orp., 001 
Illinois Testing laiboratories, 1000 
Minneapolis*! loneywell Regulator 
('o., 1004- 100,") 

Powers Regulator ('«).. 1008-1000 
Taylor Instrument C'omiMuiies, lOl 1 

M E'rERS, < kmdensat ion 
.\m(‘rlcan District Steam Co., 1074, 
1117 

Juli<‘U P. F'rie^ & Sons, Div. of 
U<*ndix Aviation ('«>rp., 001 

METERS. Feed Water 
Cochrane (‘(»rp., 1078 
.M inneapolis-Honeywell Regulator 
Co., l(K)4-HK),-» 

METERS. Flow 

American District (.'o., 1074, 
U17 

<'<K*hra«e ('orp., 1078 
Leeds K* Nonhrup t'o., KKH 
M irui<Mi)oIiK-n(me>*weU Regulator 
Co„ UH)4-l(K).5 

Taylor Instrument ('ompunies, toil 
MET'ER-S. Steam 
American District ,St<»um <'o„ 1074, 
1117 

('m’hranc Corp.. 1078 
M I n neais »U»- 1 1 om*y welt Regulat or 
UK)4-l(K)o 

MOTOR.S, Damper 
Biolicf-t'olmatt Cc»., 071, IHK) 
hulum Sylphon ('))., 004-00r» 
johmton Service Ct»„ OOH-imo 
MinneaiH»lis-Honeywell Regulator 
t o., uKH-imm 

fNum Electric Swit(*h ('o„ UK)7 
Poweis Regulator Co„ BKIH-KHIO 
White. R.«lgers Elec, Co.. 1012 

MOTORS, F4«ctrlc 
Barher-Colrtuin Co,. 071, OIK) 
Deihithe/ut Div., Ameri<*t»i Ma- 
chine & l^letttls, Im\, 057 
Ceneial KlnTric Comrmny, 0(5<5- 
007, («M5 

H. F, Sturtevant Co,. 0(50-001 
Wagner Electric Corp,, 0(55 


WcHtmghouse EIcc. & Mfg. C'o., 
87(5-877, 082 

Williams Oil-D-Matic IIci\ting 
(joip., 887 

NOISE ELIMINATORS (See 
Tubing, flexible; Soutid Dcadeners; 
Vibration Absorbers) 

NOZZLES, Spray (See Spray 
Nozzles) 

ODOR CONTROL 
W. B. Connor ICngiiUHiring ('orp., 
Dorex Div., 921-02.1. 972 
Oakitc Products, Inc., 922 

OIL BURNER EQUIPMENT 
Airtcmp Div., ('hrysler tk>rp., 878- 
879 

Am(‘rica Riuiiator & SUindarrl 
i^mitury Con)., 1040-1041 
Automatic Pnxhict Corp., 981) 
('rune ('ompany, 104 4-1045 
Delco Appliance Div., (U^noml 
Motors t'orp., 880-881 
Detroit Luhrioiitor <'o„ 992-992 
Cieneral IClectric ('ompany, 9(5(5- 
9(57, 99(1 

Herman Nelson C'ori),, 90(1-907 
Iron Fireman Mfg. (' 0 ., 1()()8-10(59 
L. j. Mueller Furna<‘e Co., 890-891 
Oumey Stove Mfg. (' 0 ,, 88(5 
Spencer Heat(‘r Division, 1054-10.55 
Todd ('oml)ustion Kuuipmcuit, Inc,, 
10(52 

Wcbst(‘r ICngineeiing ('o., 10(51 
\V(‘stinghous(‘ ICt<*c. i(t Mtg. Co., 
87(5-877, 922 

Williams ()iM)-Matic HeaUng 
(‘orp., 887 

OIL BURNER MOTORS (See 
Motors, Flet trie) 

OIL BURNERS 

.\irtemp Div., (Tirysler ('orp., 878- 
879 

Anu'rican Radiator 8c Standard 
Sanitary ('orp., 1040-1041 
Bubcf>ck ik Wilcox Co., 1042 
Carrier ('orjw>ration, H70-H71 
('ornbustion Enginet^ring Co., 1004 
Crane ('ompany, 1044-104.5 
Delco Appliance Div., (Jeneral 
Motors ('orp,, 880-881 
(Jar Wood Industries, Inc,, 882-882 
(ieneral Electric C'omiwuiy, 9(5(5- 
9(57, 99(5 

Iron Firenmn Mfg. ('o., 1008-1009 
M<‘yer Furnace Co„ 889 
L. J. Mueller Furnact* (‘o., 81K)-H9l 
Herimui Nelson Corp,, 90(M)07 
Quincy Stove Mtg, Co., 88(5 
Sjamcer llc*ater Division, 1054-1055 
Todd (’omlamtlon Kipdpment, Inc., 
10(52 

Webster F.ngim’ering ('o.. lOOl 
Westlngliomw EhT, 8c Mfg. Co„ 
870-877, 922 

Wmiarns Dil-D-Matic Heating 
Conu, 887 

OIL BURNERS, Frenuuro Atom- 

Izln^t 

Airtemp Div., ('hrysler l‘i»rp., 878- 
879 

Delco Appliumv Div„ <5eneral 
Motors t'orp,, 880-881 
Car VVtMMl Industries, Inc., 882-882 
L, J. Mm-Iler Fnrmuv Co., H5KFH91 
Todd (kunhuvUon Kouio«n*«t. Inc., 
1002 

Webster Engineering Co., 10(51 
W'«*«ting!iouse EUh*. 8t Mlg, Co., 
870-877, 5)22 
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OIL BURNERS, Rotary 

Todd Combustion Equipment, Inc., 
1062 

OIL BURNERS, Steam Atomiz- 
ing 

Todd Combustion Equipment, Inc., 
1062 

Webster Engineering Co., 1061 

OIL BURNERS, Variable Capa- 
city 

Todd Combustion Equipment, Inc., 
1062 

OIL BURNER TUBING, Flexible 

(See Tubings Flexible Metallic) 

OIL TANK GAGES (See Gages, 
Tank) 

ORIFICES, Flow Meter 

Cochrane Corp., 1078 

Taylor Instrument Companies, 1011 

ORIFICES, Radiator 
Barnes & Jones, Inc , 1016 
Detroit Lubricator Co., 992-993 
C. A. Dunham Co., 1018-1019 
Hoffman Specialty Co., Inc., 1024- 
1025 

Illinois Engineering Co., 1026-1027 
Johnson Service Company, 998-999 
Sarco Co., Inc., 1028-1029 
Spence Engineering Co., 1010 
Trane Company, The, 910-911 
Warren Webster & Co., 1032-1035 


PIPE, Copper 

American Brass Company, 1088- 
1089 

American Radiator & Standard 
Sanitary Corp., 1040-1041 
Crane Company, 1044-1045 
Wolverine Tube Company, 1090 

PIPE, Copper Bearing Steel 
Bethlehem Steel Co., 983 
Crane Company, 1044-1045 
Jones & Laughlin Steel Corp., 984 

PIPE, Furnace (See Furnace Pipe) 
PIPE, Return Bends 
Frick Company, 946 
Grinnell Co., Inc., 1020-1022, 1079 
Arthur Harris & Co., 1087 
Henry Valve Company, 997 
Vilter Manufactunng Co., 949 
Wolverine Tube Company, 1090 

PIPE, Steel 

American Rolling Mill Co., 982 
Bethlehem Steel Co., 983 
Carnegie- Illinois Steel Corp., 985 
Crane Company, 1044-1046 
Grinnell Co., Inc., 1020-1022, 1079 
Jones & Laughlin Steel Corp., 984 
Vilter Manufacturing Co., 949 

PIPE, Wrought Iron 
Bethlehem Steel Co., 983 
Crane Company, 1044-1045 
Grinnell Co., Inc., 1020-1022, 1079 
Vilter Manufacturing Co., 949 


PACKING, Asbestos 


Crane Company, 1044-1045 
Ehret Magnesia Mfg. Co., 1096- 
1097 


Jenkins Bros., 1086 
Johns-Manville, 1102-1103 
Ruberoid Company, 1110-1111 


PIPE ANCHORS 
American District Steam Co., 1074, 
1117 

E. B. Badger & Sons Co., 1075 
Grinnell Co., Inc., 1020-1022, 1079 
H. W. Porter & Co., 1118 
Ric-wiL Company, 1119 


PANELS, Insulative 
Aluminum Aircell Insulation Co., 
1092 

Carey, Philip, Co., 1094 
Celotex Corporation, 1095 
Insulite Company, The, 1100-1101 
Libby-Owens-Ford Glass Co., 1122- 
1123 

National Gypsum Co., 1107 
United States Gypsum Co., 1112- 
1113 

Wood Conversion Company, 1114 
PERFORATED METALS 
Auer Register Co., 970 
Hendrick Mfg. Co., 973 
Tuttle & Bailey, Inc., 978-979 
United States Register Co., 980 

PILLOW BLOCKS 
Lau Blower Co., 968 
PIPE, Asbestos 
Eagle-Picher Lead Co„ 1098 
Ehret Magnesia Mfg. Co., 1096- 
1097 

Johns-Manville, 1102-1103 
Ruberoid Company, 1110-1111 


PIPE BENDING 

Acme Industries, Inc., 938 

Baker Ice Machine Co., Inc., 943 

Frick Company, 946 

Grinnell Co., Inc., 1020-1022, 1079 

Arthur Harris & Co., 1087 

Parks-Cramer Co., 873 

Vilter Manufacturing Co., 946 


PIPE GLEANING 
Cochrane Corporation, 1078 
Research Products Corp,, 923 


PIPE CONDUITS (See Conduits, 
Underground Pipe) 

PIPE COVERING (See Covering, 
Pipe) 

PIPE FITTINGS (See Fittings, 
Pipe) 


PIPE GUIDES 


E. B. Badger & Sons Co., 1075 
H. W. Porter & Co., UI8 
Ric-wiL Company, The, 1119 


PIPE HANGERS (See Hangers, 
Pipe) 


PIPE, Brass 

American Brass Company, 1088- 
1089 

Crane Company, 1044-1045 
Grmnell Co., Inc., 1020-1022, 1079 
Wolverine Tube Company, 1090 

PIPE, Cement 
Johns-Manville, 1102-1103 
Ruberoid Co., The, 1110-1111 


PIPE SUPPORTS, For Under- 
ground Conduit 
American District Steam Co., 1074, 
1117 

E. B. Badger & Sons Co., 1076 
Grinnell Co., Inc., 1020-1022, 1079 
H. W. Porter & Co., 1118 
Ric-wiL Company, The, 1119 

PITOT TUBES (See Air Measur- 
ing and Recording Instruments) 


PLASTER BASE, Fire Retarding 
Armstrong Cork Company, 1093 
Celotex Corporation, 1095 
Johns-Manville, 1102-1103 
Reynolds Metals Co., Inc., 1109 
United StatCvS Gypsum Co., 1112- 
1113 

plaster base, Insulative 
Armstrong Cork Company, 1093 
Celotex Corporation, 1095 
Insulite Company, The, 1100-1101 
Johns-Manville, 1102-1103 
National Gypsum Co., 1107 
Reynolds Metals Co„ Inc., 1109 
United States Gypsum Co., 1112- 
1113 

Wood Conversion Company, 1114 

PLASTER BASE, Sound Dead- 
ening 

Armstrong Cork ('ompiiny, 1093 
Celotex Corporation, 1005 
Insulite Company, The, 1100- UOl 
Johns-Manville, 1 102-1 103 
Reynolds Metals Co., Inc.. 1109 
National Gypsum Co., 1 107 
United States CJypsum Co., 1112- 
1113 

Wood Conversion Company, IU4 
PLATES, Iron 

Ameriesm Rolling Mill ('o,, 982 
Carnegie- Illinois Steel Corp., 1)85 
Columbia Steel C'o., 085 
Tennessee Coal & Iron Railroad 
Co., 985 

United States Steel Export C'o., 985 
PLATES, Stainless Steel 
American Rolling Mill C'o., 982 
Columbia Steel Co., 985 

PLATES, Steel 
American Rolling Mill C'o., 982 
Bethlehem Steel C'o., OHii 
Carnegie-Illinoia Steel C'orp., 985 
Columbia Steel ('<>„ 985 
Jones & I-aughlin Steel Oirp.. 98>i 
Tennessee C'oal & Iron Railroad 
Co., 985 

United States Steel Export t'o., 985 

POWDER AND PASTE, Alumi- 
num 

Reynolds Metals CUi., Ino., IKK) 
PRECIPITATINCJ EQUIPMENT 
Westinghouse Elec. Mfg, C'o., 932 

PRESSURE REDUCING 
VALVES (See Regulators, Pres- 
sure) 

PROPELLER FANS (See Fans. 
Propeller) 

PSYOHROMETERS (See also Air 
Measuring, Indkaling and Re- 
cording Instruments) 

American Moistening C'o., 934 
JuUen P. Frii»j! 8c Stius, Div, of 
Uendlx Aviation C'orp,, 991 
Grinnell Co., inc., 1920-1022. 1079 
Johnson .Sc*fvice 998-999 
Leeds 8c Northrup C>»., KKII 
Palmer Company, The, 1006 
Parks-Crumer CUimiwny, 873 
Taylor Instrument Comi«ini<‘s, K) 1 1 

PUBLICATIONS 
Air Conditioning “Oil Heat, 1 124 
American Artisan, U26 
American Society of Refrigemting 
Engineers. 1125 

Beacon Boilt't Reference Hook. U24 
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Coal- Heat, 1128 

Domt'stic ICnRinoerinn. 1 1»S()-I I,'H 
Fan KnKineeriiij?. 1121) 

Fueloil Journal, 1 132 
Heating vS: Wntihting, 1133 
Heating, Piping and Air CNuuli- 
tiomng, 1127 

Plumbing an<l Heating Trade 
Journal, 1 13t 
Sheet Metal \Voik<*r, 1135 

PULLKYwS, Chain (Set' niso C'huifi) 
ifart It Cooley Mfg. 374-075 
Hnitwl St;a(‘H Regist<*r Co., 1)80 

PULLEYS, Speed Typea 
Lau Blower Co.. 358 
Westinghoune Klee, it' Ml'g. ('o., 
873-877. 332 

PUMPS, Air and <;aH 
Curtitt Retrigi'rating Maehitu* 

Div. of ('urtia Mlg. <'«>., 315 
Nash Knginw'ring <*o., 1072-1073 

PUMPS, Ammonia 
Buffalo PumpH, Im\. 1070 
Chicago Pump <*o., 1071 
Frick <'<»mpany. lm\, 340 
voter Manufacturing Co., 343 
Worthington Pump M.i<*hinery 
t'orp,, 3.50-351 

York Ice Machinery 875 

PUMPS, Boiler Feed 
Buffalo Pumpa, Im*.. 1070 
Chicago Pump <*o., 1071 
Nash Engineering Co., 1072-1073 
Trane tVimpany. The. 310-31 1 
Wi‘«tingh(iuw‘ lCle<*. it* Mfg. Cu., 
H7(\-H77, 332 

Worthington Pump it* Machinery 
('orp„ 350-351 

PUMPS, Brine 

American Cmilalr Corp„ 352-353 
Baker ice Mucliinc t‘o., 343 
Buffalo PiimpH, Inc,, lOTtl 
<'hicag(» Pump Co., 1071 
Frick C<imtg»rty. 340 
Nswh Engineering Ctt., 1072-1073 
Trane (*<»mjg»ny, The. 310-311 
Wiirtbington Pump St Machinery 
CN»rp,. 350-351 

PUMPS. Cleritrlfuftml 

Bell ami (‘«i„ 1017 

Buffalo Pump)t. Inc., 1070 
Chiwigo Pump CiUt 1071 
Crane (‘omiwny. 104Ui04.5 
(‘. A. Dunham Co., 1018-1013 
Frick (himiwmy, 340 
NuhU Englnming ta».. 1072-1073 
Trane Ctmtiwny. The. 3UWH1 
Utility Fan CortHindiou. 312 
Worthington P«»»p A Machinery 
Corp,, 1*50-351 

PUMPS, c:treu!«tlhjl 
Belt and (;oM«H*tt Co,, 1017 
Uuffal<» PnmiiH, Inc,. 1070 
Chicago Pump t'o., 1071 
(‘mne Compitny, 1044-1045 
Hoffman SjieciaUy <'o„ 1024-1025 
MinneatKdin-iCfmeywcIl Regulator 
C(*n 

Naiih Knginet*ririg Cit,. 1072-107,3 
Trane Cornfumy. The. 310-311 
Triplex Heating Siayiahy Co,, 
1030-1031 

W<»rthington Pump Ht Machinery 
Corp., 350-351 


PUMPS, Condensation 
Am(‘rican Radiator & Standard 
Sjuntary Corp., 1040-1041 
Buffalo Pumps, Inc., 1070 
t'liicago Pump t'o., 1071 
(', A. Dunham Company, 1018- 
1013 

Hoffman Specialty Co., Inc., 1024- 
102 .') 

Nash Engineering Co., 1072-1073 
Trane ('ompany, The, 310-311 
Wortliington Pump it Machinery 
C'o.. 3,'>0-3,51 

PUMP MOTORS oSVr Moton, 
Kledric) 

PUMPS, Steam 
Buffalo Pumps, Inc., 1070 
Trane ('ompany, The, 310-311 
Worthington Pump it Muchin(‘ry 
('orp., 3.50-3.51 

PUMPS, Sump 
Buffalo Pumiw, Inc., 1070 
('hicago Pump Co„ 1071 
Nash Engineering C'o., 1072-1073 
Trijih'x Heating Specialty Co., 
1030-1031 

Worthington Pump it Maehinery 
C'orp., 350-351 

PUMPS, Turbine 
Chicago Pump Co., 1071 
C. {\, Dunham ('<»., 10 IK- 10 1 3 
Nash Engineering ('<»., 1072-1073 
Worthingtofi Ihnnp A* MacUiw^ry 
Co.. 3,50-3.51 

PUMPS, Vacuum 
('hicago Pump ('<»., 1071 
Curtis Refrigerating Machine C<u, 
DIv. of Curtis Mtg. Co., 345 

C. A. Dunham Co.. 1018-1013 
Hoffman Specialty Co., Inc., 1024- 

1025 

Nasii EngInwJng Co., 1072-1073 
Worthington Pump it Machinery 
Co.. 3.50-3.51 

PUR<;RRS, RefriAoration 
Armstrong Machine Works, 1070- 
1077 

brick Company, 340 

PYROMF/imS, Portable and 
Stationary 

American Moistening Co., 334 
IIlinoiH Teatlng DilmrutoricH, Inc., 
IWHl 

Leeds it Northrup C'o., UKll 
MlnmnitsdiM-Honeywell Regulator 
Co.. 1004-I(K)5 

Taylor Instrumem ('ompunicK. 101 1 

RADIAITON. Aluminum 
AeroOn ( 'orp<>ration, 333-34 1 
Electric .Mr limit er Co., Div. ol 
AnuTlcun Foundry Kftulpment 
Co., H33 

Mario Coll C'onunuiy, 347 
McUiuiy. Incorpomted, 300-301 

D, J. Murray Mfg. Unit Heater 
ami Cmiler Div.. 1K14-W 

John J. Negbltt, Inc., iK)8 
Rfdrigenition l^cimomiex (,'o,, 0(H) 
Tmue ('ompany, The. 310-311 
Warren Webster 8t t'o., 1032-1035 

RADIATION. Braw 
Acrofm Corpomtion, 333-341 
Or ^ D Manufui.’tuiing Co., 342 
McOiiay, Imnirporated, lKKI-301 


RADIATION, Oast-Iron 
American Radiator & Standard 
SaniUiry Corp., 1040-1041 
Burnham Boiler C'orp., 1043 
Crane Company, 1044-104.5 
United States Radiator C'orp., 1050- 
10.57 

\Vc‘iI-McI>ain Company, 1053 

RADIATION, Copper 
Acrofm C'orporation, 333-341 
.American Radiator ik .Standard 
t^initary Corp., 1040-1041 
C. A. Dunham Co., 1018-1013 
G ik O Manufacturing ('o., 042 
Rramer Trenton C'o., 833 
McQnay, Incorporated, 300-1)0 1 
Modinc Mfg. C'o., 302-303 
Jolin J. Nesbitt, Inc., 308 
Retrigeration l£conomic.s C'o., 300 
B. F. Sturtevant C'o., 3d<)-3dl 
Trane C'ompany, The, 310-311 
Tuttle & Bailey. Inc., 378-373 
VVam*n WVbater ik Co., 1032-1035 
Young Radiator Company, 310 

RADIATION, Plain and Ex- 
tended Surface 
.Aerofin C'orporation. 93i)-34I 
Am(‘ricun Radiator 8t Standard 
Sanitary C'orp., 1040-1041 
Buffalo Forge ('ompany, 355, 1123 
Burnham Boiler C'orp., 1043 
(i A O Manufacturing C'o., 342 
(amend Electric ('ompany, 300- 
307. 330 

(irinnell C'o., Inc., 1020-1022, 1073 
Mario ('od Company. 347 
Mi'C.luay. Incorporated, 3(K)-301 
MiKline Mfg. C'o,, 302-303 
John J Nesbitt, Inc., 308 
Refrigeration Economics ('<>., 5K)3 
B. K. .Sturtevant t'o.. 300-301 
Trane C'ompany, The, 310-3U 
\V>il-McUiin ('ompany, 1053 
Young Radiator ('ompany, 310 

RADIATOR ENCLOSURES AND 
SHIELDS 

Ameriain Radiabtr & Standard 
limitary C'orp., 1040-1041 
.Aui‘r Register C'o., The, 370 
C'tane C'ompany, 1044-104.5 
Modine Mfg. C’o., 302-303 
Register & (Jrille Mfg. C'o., 1)77 
Reynolds Metals C'o., Inc,, 1103 
IL J. Somers. Inc.. 328 
United Suites Radiator C'orp., 1050- 
1057 

United States Register C'o., 380 
RADIATORS, Cabinet 
American Radiator Hi Standard 
Sanluiry t'orniuiny, I04()«1041 
Burnham Boiler t'orp., 1043 
Crane Company, 1044-1045 
(', A. Dunham Co., 1018-1013 
(irinnell Co., Inc., 1020-1022, 1073 
MeOiuiy, Incortmrated, 300-301 
MfKllne Mfg. Co., 302-303 
Jolm J. Nesldtt, Iiu*., 1H)8 
Trane ('ompany, The, 310-311 
Tuttle ik Bailey. Ine.. 378-373 
Warren Webster ik Co., 1032-1035 
W'ell-McUiIn ('ompany, 1053 
Young Radiator t'omt^any. Old 

RADIATORS, Concejiilcd 
.Ameriain Riuiiator Hi Standuril 
Siiftitary Corp., 1040-1041 
Burnham Boiler ('orp„ 1043 
Crane (‘ompany. 1044-1045 
('. A. Dunham ('»»., 1018-1013 
Critmell ('o., Inc.. 1020-1022, 1073 
McOuay, IncorjKjruUHl, (KK)-iK)l 
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Modine Mfg. Co., 902-903 
D. J. Murray Mfg. Co., Unit Heater 
& Cooler Div., 904-906 
John J. Nesbitt, Inc., 908 
Trane Company, The, 910-911 
Tuttle & Bailey, Inc , 978-979 
United States Radiator Corp., 1056- 
1057 

Warren Webster & Co., 1032-1035 
Weil-McLain Company, 1059 
Young Radiator Company, 916 

RECEIVERS, Air 
Baker Ice Machine Co., 943 
Brownell Company, The, 1063 
Crane Company, 1044-1045 
Curtis Refrigerating Machine Co., 
Div. Curtis Mfg. Co., 945 
Farrar & Trefts, Inc., 1048 
Illinois Engineering Co., 1026-1027 
Kewanee Boiler Corp., 1060-1053 
Parks-Cramer Company, 873 
Warren Webster & Co., 1032-1035 

RECEIVERS, Ammonia 
Acme Industries, Inc., 938 
Baker Ice Machine Co., 943 
Carbondale Div., Worthington 
Pump & Machinery Corp., 
960-961 

Frick Company, Inc., 946 
Vilter Manufacturing Co., 949 
York Ice Machinery Corp., 875 

RECEIVERS, Gondensatioii 
Baker Ice Machine Co., Inc., 943 
Chicago Pump Co., 1071 
Crane Company, 1044-1045 
C. A. Dunham Co., 1018-1019 
Illinois Engineenng Co., 1026-1027 
Nash Engineenng Co., 1072-1073 
Sarco Company, Inc., 1028-1029 
Trane Company, The, 910-911 
Warren Webster & Co., 1032-1035 
Westinghouse Elec. & Mfg. Co., 
876-877, 932 

RECEIVERS, Water Vapor 
American Blower Corp., 868-869 
Illinois Engineering Co., 1026-1027 
Warren Webster & Co., 1032-1035 

RECORDERS, Humidity, Tem- 
perature 

American Moistening Co., 934 
Cochrane Corporation, 1078 
Julien P. Fnez & Sons, Div, of 
Bendix Aviation Corp., 991 
Johnson Service Co., 998-999 
Leeds & Northrup Co., 1001 
Manning, Maxwell & Moore, Inc., 
1002 

Minneapolis- Honeywell Regulator 
Co., 1004-1005 

Powers Regulator Co., 1008-1009 
Taylor Instrument Companies, 1011 

REFRACTORIES, Cement, Ma- 
terials 

Babcock & Wilcox Co., 1042 
Carey, Philip, Co., 1094 
Eagle-Picher Lead Co., 1098 
Ehret Magnesia Mfg. Co., 1096- 
1097 

Johns-Manville, 1102-1103 
Ric-wiL Company, 1110 
Ruberoid Co., The, 1110-1111 

REFRIGERATION CONTROLS 

(See also Conirols) 

Alco Valve Company, 988 
American Blower Corp., 868-869 
Armstrong Machine Works, 1076- 
1077 

Automatic Products Corp., 989 


Barber-Colman Co., 971, 990 
Carrier Corporation, 870-871 
Cochrane Corp., 1078 
Detroit Lubricator Co., 992-993 
Fedders Manufacturing Co., 896- 


Julien P. Friez & Sons, Div. of 
Bendix Aviation Corp., 991 
Fulton Sylphon Co., 994-995 
General Electric Company, 966- 
967, 996 

Illinois Engineering Co.. 1026-1027 
Illinois Testing Laboratories, Inc., 
1000 

Johnson Service Co., 998-999 
Leeds & Northrup Co., 1001 
Manning, Maxwell & Moore, Inc., 
1002 

Mmneapolis-Honeywell Regulator 
Co , 1004-1005 

Penn Electric Switch Co., 1007 
Powers Regulator Co., 1008-1009 
Sarco Company, Inc., 1028-1029 
Taylor Instrument Companies, 1011 
Westinghouse Elec. & Mfg. Co., 
876-877. 932 

White-Rodgers Elec. Co., 1013 


REFRIGERATING 
equipment, Centrifugal 
Carbondale Div., Worthington 
Pump & Macliincry Corp., 
950-951 

Carrier Corporation, 870-871 
Trane Company, 910-911 
York Ice Machinery Corp., 875 


REFRIGERATING 
EQUIPMENT, Steam Jet 
American Blower Corp., 868-869 
Carbondale Div., Worthington 
Pump & Machinery Corp., 
950-961 

Carrier Corporation, 870-871 
Universal Cooler Corp., 948 
Westinghouse Elec. & Mfg. Co., 
876-877, 932 


REFRIGERATING 

MACHINERY 

Airterap Div., Chrysler Corp., 878- 
879 

Baker Ice Machine Co., 943 
Brunner Manufacturing Co., 944 
Carbondale Div., Worthington 
Pump & Machinery Corp., 
960-951 

Carrier Corporation, 870-871 
Curtis Refrigerating Machine Co., 
Div. of Curtis Mfg. ('o., 945 
Frick Company, Inc., 946 
General Electric Company, 966- 
967, 990 

Mario Coil Company, 947 
Refrigeration Economics Co., 909 
Trane Company, The, 910-911 
Universal Cooler Corp., 948 
Vilter Manufacturing Co., 949 
Westinghouse Elec. & Mfg. Co„ 
876-877, 932 

Williams Oil-O-Matic Heating 
Corporation, 887 
York Ice Machinery Corp., 875 

REGISTERS (See also Gyilles 
Registers, He.) 

Air Control Products, Inc., 908 
American Blower Corp,, 868-869 
American Coolair Corp., 952-953 
Anemostat Corp. of America, 969 
Auer Register Co., The, 970 
Barber-Colman Co., 971, 990 
Hart & Cooley Manufacturing Co., 
974-976 

Hendrick Mfg. Co., 973 
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Independent Register Co., 970 
L. J. Mueller Furnace Co., 890-891 
Register & Grille Mfg. C'o., 077 
Trane Company, The, 910-911 
Tuttle & Bailey. Inc., 978-979 
United States Air C'onditioning 
Corp., 874 

ITnited States Register Co., 980 
Waterloo Register Co„ 981 

REGISTERS, Oil Burnintl 
Todd Combustion Kciuipmcnt, Inc., 
1062 

REGULATORS, Air Volume 
Anemostat Corp. of .\merica, 969 
Barber-Colman Co., 971, 990 
Hart & C'ooley Mfg. C'o., 974-07.> 
M inneapi ilis- Honey W(*U R(*gulat or 
Co., 1(K)4-1005 

Tuttle & Bailey. Inc.. 978-979 
United State.s Register C'o., 980 
WaterlfX) Register Co., 981 

REGULATORS, Ilamper 
American Radiator & Standard 
Sanitary C'orp., 1040-1041 
Anemostat C'orp. of AmiTiea, 969 
Automatic Products ('orp., 989 
Burber-t'olman Co., 971, 990 
Barnes & Jones. Ine„ 1016 
Detroit Lubricator C'o., 992-993 
Julien P. Fruv. 8: Sons, Div, of 
Bendix A%'iation ('orp., 991 
Fulton Sylphon 994-995 
(Jeneral Klivtric Comp, my, 966- 
967. m\ 

William S. Haines 81 <'o., 1023 
Hart Cooley Mtg. C<i,. 974-075 
Hoffman Specialty C'o., Fne., 1024- 
1025 

Illinois Engineering ('0., J026-I027 
Iron Fireman Mfg. (‘o., 1068-1069 
Johnson Si‘rvu'e C'o., 998-999 
Kieley & Mueller, Inc,, lOlW) 

Leeds 8t Northrup Co„ KKH 
Manning, Maxwell 3: M<K>re, I no.* 
1002 

Mereoid C'orpor.ition, t<K)3 
MinneapoUs-Honeywell Regulator 
Co., 1004-1005 

Penn Electric wSwiteh C'o., 1007 
Powers Regulator (‘o., I(K18-1009 
Sarco C'ompjiny, Ine.. 1028-1029 
Spence Engineering t'o., 1010 
Taylor Iiwtrument Compani<‘H, 101 1 
Tmne ('<impany, Th<‘, 910-91 1 
Triplex H<‘ating Sp(‘eialty <’o„ 
1030-1031 

Tuttle 3c Bailey. Ine,. 978-979 
United States Register t'o., 980 
Warren Webster Ik Co., 1032-103,5 
Webster Engineering C'o.. 1061 
White- Rodgens Klee. C'o., 1013 
Young Radiat(*r 916 

REGinbATORS, Fewd WiktiT 
C\jcUrane ('orporation, 1078 
Fulton Sylphon ( o., 994-99.5 
Kieleyitr Mueller, Ine.* 1080 
McDonnell 8i Miller, 10,38.1039 
Mueller Steam SjaH'lalty Co,, Inc., 
loai 

Powers Regulator (*o., l(K)8-l(K)9 
Spence Engin<*ering C'o., 1010 
Wminghouse Elec, ik Mlg. <!o., 
876-877, 932 
Wright-.Austiii (>»,, 1082 

RECHILATORS, Furttftcc 
Automatic PriKlucts (*orp,. 989 
Barb<‘r-t'ol»um 97L IHK) 

Detroit Lubricator ('o., 992-993 
Fulton Sylphon Co., 994.tt95 
Hurt 8 e C'ooley Mtg. C'o,, 974-97,5 
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KieU‘y it Muellor, h\c., \m) 
Mercoid Coi noration, KHW 
Minn(‘apolis-lIon<‘ywi*ll Regulator 
('<).. 10().t-l00r» 

Penn Rlertric Switt'li <'o., 1007 
Si)ena‘ KnKin(M‘riutt 1010 
TuttU- it HaiU'y, Ino., 078-070 
\Vt‘bHt<T Kn«in<‘(‘rinK ('o , 1001 
Whitt* RodKm Kl(‘t\ Co.. 101. '1 

REGULAI’ORS, <;&« 

Amortt'un Radiator X' Standatd 
Siinitary (’oin., 1010-1011 
Barht‘r (his BuriUT <'o., 1000 
t'raiK* ('ompany, 1011-104.") 

I)(‘troit laihrit'ator ('o., 002-00.'! 
jtnikms Hro«., 1080 
Mm'oul Ct>rp., 1000 
Mmn«‘apoliH-noin‘yw<*Il RfKul.dor 
('o. 1004-100.') 

Mnt‘llt*r St<‘4trn .Sptn'ialty Co„ Itu'., 
1081 

IVnn Kl<‘ftrit' Switfh Co., 1007 
Whitc-Kt»dKi‘r,>t Kloc. C<».. 1010 

RK<iUI.AT<)RS, HumItJity (.SV,* 
llumidHy CoHltol) 

RR<;ilLAT<)RvS, Prmurc 
Alro V.ilvf Cornpjuiy. 0S8 
Amt‘ritim Ratliator X .St.iml.ird 
Siinitary Corp., 1010-1041 
AiiHnnatu* PrtHluttH Coip., 080 
liafhtT Ciax lOimT Cn„ 1000 
<'r.u»* (Ntiupany. 10 14- 10 la 
IMroit I.uhnt'Jitnr Co.. 002-00.*! 

A. Oimham Co., lOIH-lOlO 
hVddors M.inutartnniiK <‘o.. 800- 
807 

Jullfn P. l*'ri<‘/ X Sons. |)tv. of 
10‘julix .Vvialitiu Cofp., 001 
Kulton Sylplitm <'o.. OOl-OOa 
<Jt‘ttt*ral Khvitit* I’tanpany, 000- 
007. 000 

llitnotH I'ht^ints'riiiK 1020-1027 
Jfrtkinn Unw., 1080 
KhMcy it Munllor, liu*„ lOHO 
McDontH'll X Millfr, lOOH-lOOO 
Mlnfu*.tpt»lis Htint’ywfll H(*KUIat<ir 
<\).. KKM-KKi:) 

Mu<*iU‘r Stt*atn Spnt lalty Co., ltu%, 
1081 

iVnn Kl<*t‘tflt' Switfh Co., 1(K17 
Powffft Rojtulatof < o„ KKlH-KKKt 
SptMU’t* KnKinmiuK <'o., 1010 
Tuylt)r lUMtramftit CompanioH. 101 1 
Triptox HratinM .Spt'oialty Co., 
1080- loai 

Waircn Wt-bHttn X Co., 1082-1085 
Whlto-RiHlKOiH 1*:W, Co., 1018 

RRCniLATORS, IVmpvniture 
iSrr Tmtnmurr ( 'im(rot) 
RKURF VAI)VRS Crtlw, 

/f *•/#>/! 

ROOF iA>Ohm 
April Showoin t omp.)ny, 

Res'!' INIURITOR 

ProdnttH (*otp., 02.8 

Vliu'o <'omp;my, 10101-1087 
Rtf«T ANO RCAtE HKMOVEK 
OakUt* PttHloots, lftt\, Olk’l 
Vinco < ottipany. 1080-1087 

*SAFF/rV VAX.VRS Vudrs. 

SCRKRNS, Window Inaumtton. 
Run 

in««*rftoll Stisd X OUt* I>lv., liotK- 
WartMT < OTP.. U2tl'U21 
idbityd )wnu!**i*otd ( II,»hh {'o.. 1 122 - 
1123 


RBALS, Flexible Pipe Line 
K. B. Bad«er & Sons <'o., 107.') 
SEALS, Shaft for Compressor 
JAilton Sylphon Co., 904-«l),'> 
SEPARATORS, Dust 
Air- Maze C'orp., OlS-Oli) 

American Air Filter C'o., 020-021 
American Blower Corp., 808-800 
Buffalo ForKe ('ompany, O.^.O, 1120 
('<>r)pus KtiKineeiiiiR Corp., 022 
St.iyn(‘w Filter Corp., 020-031 
B. F. Slurtevant ('o„ OOCl-OOl 
W(‘.stinKhoiwe Klee, it Mf«:. ('<)., 
870-877, 032 

SEPARATORS, Oil 
Aeine Indu.stne.s, Ine., 0.'!8 
Air-Waze C'orp., 018-010 
('arl)ondale Div., VVorthiiiKton 
Pump it Machinery C'orp., 
IWO-OOl 

(‘oehrane C'orp., 1078 
C'rane ('ompany, 1044-1045 
Frick ('ompany, 040 
Henry VaKe C tmipany, 007 
Illinois KuKineerinR t'o„ 1020-1027 
Kieley it Mueller, Ine., 1080 
Staynew Filler C'tirp., 020-031 
Warren Webster X C'o., 1032-1035 
WesUnRhouae Klee, X MIr. ('<>., 
87(*»-877, 0.32 
WriRht- Austin Co., 1082 

SEPARAI'ORS, Steam 
('ochrum* C'orp., 1078 
Crane ('omiwny, 1041-1045 
Illinois EnRineerittR C'o., 1020-1027 
Kieley X Mueller, Ine., 1080 
Warren VVebstiu* it C'o., 1032-1035 
WriRlit-.Viwtin ('o., 1(W!2 

SHEET, S, Aluminum Foil 
Aluminum Aireell Inaulation C'o., 
1002 

ReynoliLs Metals C'o., liU'., 1 10!) 
Ruberoid Co., The. UIO-llll 
Cnited States Gypsum (’o.. 1112- 
1113 

SHEF/rS, Aluminized Steel 
Reynolds Metals Co., Ine., 1 10!) 

SHEEI'S, Asbestos, Flat ami 
<.k)rrudatvd 
i'arey, Philip. C'o.. 1001 
Kliret MuRnesia MIr. C'o,, 1000- 
1007 

Johns- Manvilte, 1102-1103 
Ruberoid Co.. The. 1 110-1111 

SHEETS, Riack (Galvanized 
Amerleutt Rolling .Mill C'o., 082 
B<‘tldelH*m Steel C'o., 083 
CuraeRie-IlIlnols Steel Corp,, 085 
Columbui Steel C'o., 085 
Jnnes it UiURbltn .Steid C'orp,, 084 
i'ennessee iron it Kailroatl 

Co.. 085 

rnile<l Slates Export Co., 085 

SHEETS, (Gopper Alloy 
AmeruMti Brass (‘ompany, 1088- 
1080 

CarneRU*- Illinois Steel C'orp,. 085 
SUKE'rS, C<»ppiT Bearing Stiiid 
Atm‘riean Rolling Mill C‘»,. 082 
Betideliem Steel C *»„ 08J! 

C tnitegi<‘-niinoiH Stw! C'orp., 085 
t'olumbia Steel t'o., 085 
Jones it iatugitlin Stwl C orp., 084 
TenuesstH* Coal, Iron X Kaiirtmd 
Co.. 085 

Cnited States Export C'o., 085 


SHEETS, Felt 

Johns?- Manville, 1102-1103 

Ruberoid Co., lUO-llll 

SHEETS, Pure Iron 
Americjm Rolling Mill C'o., 082 
Columbia Stind C'o., 985 
Tonn(‘ssee C'oal, Iron 8c Ra)lro,ul 
Co., {)85 

United .States Export C'o., !)85 
SHEEl'S, Hifth Tensile 
Aniencjin Rolling Mill Co., 082 
H<‘tlileliem C'o., 083 
('arnc'gie-IIlinoi.s .Steel Co., 08.") 

SHRE'rS, Special Finish 
AnuTiean Rolling Mill C'o., 082 
Bethlehem Steel C'o.. 083 
('arnegie- Illinois Steel C'orp., 085 
C'olumbia St(*el Co., 085 
Tenneaset* C'oal, Inm & Railroad 
('<>., 985 

United States Export Co., 08.5 

SHEETS, Stainless Steel 
Americjui Rolling Mill C'o., 082 
('arnegie- Illinois Steel C'orp., 085 
Columbia Steel Co., 085 

SHEETS, Steel 
American RolliiiR Mill C'o., 082 
Bethlehem Steel C'o , 083 
('arnegit'-Illinois Steel C'orp., 08.5 
('oluml)ia St<*e! ('<»„ 085 
Jones X Laughlin Steel C'orp., 081 
Tennessee C'oal, Iron 8i Railroad 
C'o., 085 

United States IC.xi>ort C'o,, 08.5 

wSHUlTERS, Automatic 
American ('«)olair C'orp., !).52-053 
Autovent Fan X Blower Div',, 
Herman Nelson C'orj)., 00(1-007 
Barber-C'olin.in C'o., 071, 000 
(’l)amplon Blower X* Forg** C'o,, 0,50 
Minm*ui)oliH-Hon(*ywell Regul.itor 
C'o., 1004-1(8)5 
New York Blower Co., 050 
B. K. Sturtevant C'o.. OtlO-OlU 
United .SLat<‘H Register ('o., 080 
L. J. Wing Mfg. Co„ 013-015 

SLIME PREVENTION {SW also 
Algae i^ret'eniiott) 

Oakite Products, Ine., 033 

SMOKE DENSITY 

RECIORDINC; 

I.eetis X' Northrup C'o,, 1001 
WestinRhouse Klee. X‘ Mfg. Co., 
870-H77, 032 

SOOT DESTROYER 
Vlnoo ( 'ompany, Inc., 1030-1037 

SOUND DEADKNINC;, Insula- 
tion 

.\lumimim Airet‘11 luHitlatlon C'orp., 
1002 

Armstrong Cork ComiKiny, 1003 
C'elotex Corporation, The, 1005 
KaRle-Piclier Head Co., 1008 
Khret Magnesia Mfg. C’o., ll)!)(». 
1007 

Insulite (’omjsiny. The, ntK)-noi 
Johns- Man ville, 1102-1103 
Idbby-Owens-Ford Cdass t'o., 1122- 
1123 

Kimberly-C'lark Corp.. 1101-1105 
Mundet Cork Corp,, I lOU 
NutUmul (iypHum Co„ 1107 
J’,telt’ie I>umb<‘r Co„ The, ilOH 
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Reynolds Metals Co., Inc., 1109 
Ruberoid Co., The, 1110-1111 
United States Gypsum Co., 1112- 
1113 

Wood Conversion Co., 1114 

SPRAY DRIER {See Spray Equip- 
ment) 

SPRAY equipment 
A pril Showers Company, 935 
Brunner Manufacturing Co., 944 
Martocello, Jos. A. & Co., 937 
D. J. Murray Mfg. Co , Unit Heater 
& Cooler Div., 904-906 
Yarnell- Waring Co., 1083 

SPRAY NOZZLES 
American Moistening Co., 934 
American Blower Corp., 868-869 
Baker Ice Machine Co., 943 
Bayley Blower Company, 954 
Buffalo Forge Company, 955, 1129 
Clarage Fan Company, 872 
Detroit Lubricator Co., 992-993 
Marley Co., The, 936 
Martocello, Jos. A. & Co., 937 
D. J. Murray Mfg. Co., Unit Heater 
& Cooling Div., 904-905 
Parks-Cramer Co., 873 
B. F. Sturtevant Co., 960-961 
Trane Company, The, 910-911 
Westinghouse Elec. & Mfg. Co., 
876-877, 932 

Yamell-Wanng Co., 1083 
York Ice Machinery Corp., 875 

SPRAY NOZZLE COOLING 
SYSTEM 

Araencan Blower Corp., 868-869 
April Showers Company, 935 
Baker Ice Machine Co., 943 
Bayley Blower Co., 954 
Clarage Fan Company, 872 
Marley Company, 936 
B. F. Sturtevant Co., 960-961 
Trane Company, The, 910-911 
Yarnall-Waring Co., 1083 
York Ice Machinery Corp., 875 

STACKS, Steel 
Bethlehem Steel Co., 983 
Brownell Co., 1063 
Farrar & Trefts, Inc., 1048 
Hendrick Mfg. Co., 973 
Kewanee Boiler Corp., 1050-1053 

STAINLESS STEEL COILS {See 
Coils, Stainless Steel) 

STEAM HEATING SYSTEMS 
{See Healing Systems, Steam) 

STOKERS, Mechanical 
Anthracite 

Babcock & Wilcox Co., 1042 
Combustion Engineering Co., 1064 
Crane Company, 1044-1045 
Iron Fireman Mfg. Co„ 1068-1069 
MotorStoker Division Hershey Ma- 
chine & Fdy. Co., 1065 

STOKERS, Mechanical, 
Bituminous 

Babcock & Wilcox Co., 1042 
Brownell Company, 1063 
Combustion Engineering Co., 1064 
Crane Company, 1044-1045 
Delco Alliance Div., General 
Motors Corp., 880-881 
Detroit Stoker Co., 1066-1067 
Iron Fireman Mfg. Co.. 1068^1069 
Meyer Furnace Company, ^9 

STOKER MOTORS {See Motors, 
Electric) 


STRAINERS, Dirt 
Barnes & Jones, Inc., 1016 
C. A. Dunham Co . 1018-1019 
Grinnell Co., Inc., 1020-1022, 1079 
Henry Valve Company, 997 
Hoffman Snecialtv Co.. Inc.. 1024- 


1025 

Kieley & Mueller, Inc., 1080 
Mueller Steam Speaalty Co., Inc., 
1081 

Sarco Company, Inc., 1028-1029 
Spence Engineering Co., 1010 
Staynew Filter Corp., 929-931 
Trane Company, The, 910-911 
Warren Webster & Co., 1032-1035 
Wright-Austin Co., 1082 


STRAINERS, Oil 
Automatic Products Corp., 980 
Crane Company, 1044-104,') 

Detroit Lubricator Co., 902-993 
General Electric Company, 060- 
967, 996 

Henry Valve Company, 097 
Kieley & Mueller, Inc., 1080 
Mueller Steam Specialty Co., Inc., 
1081 

Sarco Company, Inc., 1028-1020 
Spence Engineering Co., 1010 
Staynew Filter Corp., 929-931 
Todd Combustion Equipment, Inc. , 
1062 

Wright-Austin Co., 1082 
STRAINERS, Refrigerant 
Alco Valve Company, 988 
Automatic Products Corp., 980 
Detroit Lubricator Co., 902-903 
Frick Company, Inc., 046 
Henry Valve Company, 907 
Sarco Company, Inc., 1028-1029 
Westinghouse Elec. 8c Mfg. C'l)., 
876-877, 932 

STRAINERS, Steam 
Crane Company, 1044-1045 
Hoffman Specialty Co., Inc., 1024- 
1025 

Illinois Engineering Co., 1020-1027 
Kieley & Mueller, Inc., 1080 
Mueller Steam Specialty Co., Inc., 
1081 

Powers Regulator Co., 1008-1009 
Sarco Company, Inc., 102^1029 
Spence En^neering Co., 1010 
Trane Company, The, 9 1 0-0 U 
Wright-Austin Co., 1082 


TANK COVERING (.SVc Covering, 
Pipes and Surfaces) 

TANK HEATERS {See Heaters, 
Tank) 

TANKS, Blow-off 
Brownell Company, The, 1063 
Farrar & Trefts, Inc., 1048 
Kaustine Company, Inc., 888 
Kewanee Boiler Corp., 1050-1{).>3 

TANKS, Pressure 
Baker Ice Machine Co., 943 
Bell and Gossett Co., 1017 
Bethlehem wStecl C'o., 98,3 
Brownell t'ompany, The, 106.3 
Burnham Boiler ('orp., 1043 
Farrar & Trefts, Inc,, 1048 
Frick Company, 046 
Kaustine C'onipany. 888 
Kcwiinee Boiler Corp., 1050-10,’)3 
Triplex Heating Specialty ('<»., 
1030-1031 

TANKS, Storafle 
American Radiator & Standard 
Sanitary C'orp., 1040-1041 
E. B, Badger & Sons C'o., 1075 
Bethlehem Steel C'o., 983 
Brownell t'ompany, The. 1063 
Burnham Boiler t^irp., 1043 
Farrar & Trefts, Inc., 1048 
Frick Company, 946 
Kaustine t-ompany, hie.. 888 
Kewanee Boiler t'orp., 1050-10,53 
Triplex Heating Specialty Co., 
1030-10,31 

TEMPERATURE CONTROL 
American Moistening ('<>., 93 1 
American Radiator & Stundartl 
Sanitary t'orp., 1040-1041 
Barber-Colnum ('«>„ 971, 990 
Barnes St Jones. Inc , 1016 
Bell it (Josseti ('<»., 1017 
Crane t'ompany, 1041-1045 
Delco Appliance Div., General 
Motors t'orp., 880-881 
Detroit Lubricator ('o„ 992-993 
C. A. Duniuim Co., 1018-1019 
Julien P. Friez & St^ns. Div, of 
Bendix Aviation t'orp.. 991 
Fulton vSylplion <'(>., 994-99,5 
(ieneml Electric t'ompany, 966- 
967, 996 

Illinois Enginet'ring Co., 1026-1027 
Illinois Testing Lat«mitories, Inc,, 
1000 


STRAINERS, Water 
Crane Company, 1044-1045 
Detroit Lubricator Co., 992-993 
Illinois Engineering Co., 1020^1027 
Kieley & Mueller, Inc., 10^ 
McDonnell & Miller, 1038-1039 
Mueller Steam Specialty Co., Inc,, 
1081 

Powers Regulator Co.. 1008-1009 
Sarco Company, Inc., 1028-1029 
Spence Entdncering Co., 1010 
Staynew Company, Inc., 929-931 
Wnght-Austin Co., 1082 
Yamall- Waring Co., 1083 

SWITCHES, Float 
Alco Valve Company, 988 
Detroit Lubricator Co., 992-993 
General Electric Company, 966- 
967, 996 

McDonnell & Miller, 1038-1039 
SWITCHES, Flow Control 
Iron Fireman Mfg. Co., 1068-1069 
McDonnell 8j Miller, 1038-1039 

TANK COILS {See CoUs, Tank) 


Iron Firman Mfg, Co., 1068-1069 
Johnson Service Co., 998-999 
Kieley & Mueller, Ine., 1080 
Leeds Northrup Co., 1001 
Manning, Maxwell ik Moore, Ine., 
1002 

MereoicI Corporatiim, The, HKJ3 
Minneapolis- Hon<‘y well Regulator 
t'o., 1004-ltK)5 

Penn Klmrie Switch Co.. UK)7 
Powers Regulator t'o., HKI8-RKH> 
Sarco Company. Inc.. 1028-1029 
SjHmce Engineering Co., lOlO 
Taylor Instrument Comiianie^, 
lOU 

Tram* t'ompany. The, 910-911 
Warren Welwter ik ('o„ 1032-1035 
White- HiKlgers Klee, t'o,, 1013 
L. J. Wing Mfg. Co„ 913-915 
YarnaU-waring t'o., 1083 

THERMOMETERS. Distance 
Type 

JuUen P. Krie^ ik Hons, Div. of 
Bendix Aviation Corp,, 991 
Illinois Tt*sti«g Iait>orutories. Ine,, 
1000 
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Johnson Sorvic<‘ C'o., 

Leeds & Northrup C'o., 1001 
MnnninK, Maxwt‘11 & Moore, I no., 
1002 

Minneapolis- Honeywell Regulator 
Co.. UKM-lOO:) 

Palmer C'ompany. 1000 
Powers Regulator <'o., 1008-1000 
Karoo C'o., Inc., 1028-1020 
Taylor Instiument C^mipunies, 
1011 

United States CJange ('o., 1012 

TIIRRMOMKTRRS, Indicatinft 
He‘ll and (iossett ('o.. 1017 
Julien P. l'ri<‘z 8; S<u>s, Oiv. of 
liendix Aviatt<m C'orp., 001 
Illinois T(‘sting I«ihorat(»rieH, Ine., 
KMM) 

Johnson S<‘rvi<-«‘ ('o.. OOH-OOU 
Let^s Northrup 1001 
Manning, Maxwell 8: Moore, Inc., 
1IK)2 

Martocello. Jos. ik Cu., 0117 
Minneapolis-Honeywell Regulator 
C'Om l(K14-l()0r> 

Paim<‘r t'omiuny, The, 1000 
Powers Regulator <’<»,, lOOH-IOOO 
Sarco ('ompatiy, Inc., 1028-1020 
Taylor Instrtiment <‘omp;ini<% 

ion 

Triplex Heating Spiu'ially C»>., 

i(};io-io:u 

United States Clauge <‘o., 1012 

THRRMOMKTKRS. Recorainft 
Julien P. Krie^ 8f Sms, Div. <»l' 
Pemllx ,\viatl«m Coria. 001 
Leeds 8.' Northruii Co., IfKH 
Manning. Mtuwsdl 8* Mo<»re. Ine., 
1002 

Minneapolis-Honeyweli Regui.itttr 
Cu.. ItKM-ltMl.l 
Palmer Company, UH)0 
lh»wers Regulator C<».. l(K)H-ltHHl 
Taylor Instrument Comp.inii% 
1(111 

United States (lauge C'u.. 1012 

TURRMOHrATS 
American Radiator 8: Stuiulattl 
SiuUtary (^>rpM KMO-UHt 
Automatie PriKlucts Ci»rp.. OSO 
HarlH'f-C'oltmm Co,. 071. 000 
C'mne C'omtsiny, 1044-104.* 

Detroit Lubricator <‘o„ 002-il0:t 
Julien P. Ktitv, 8: Sons, Div, ot 
Pendix ,\vlati»m C‘orp., 001 
Pulton Syltdum Co,, 004-00.'* 
(General Rhrtfie Coxttpiiny, 000- 

007, oon 

Illinois Engineering Ct*„ 1020-1027 
Johnson .S<*tvi<T Co,. OOH-000 
Manning. Maxwell 8 Mo**fe, Htc., 

nm 

Mercold (*ort»oratiou, The, 100.H 
Mittm‘ap<»liH'H<*tt*‘ywelt Regulator 
Co., l(K>4-l(Ki:» 

Penn Klectric Switch Co., 1007 
Powrs Regulator Co., lOOH-UMIO 
Sarco Cttmmny, Ine., 102H-1020 
White- RtKlgers Rice., 10 tU 

TIN PLATR 
Rethlehem Stf*«*| t'o., 0811 
<'arm*gie- Illinois Steel Corp,, OHf* 

TOWERS* CkwUnJl CAVe ( Wtun 
Ttmwi) 

THANSPOHMRRS 

< General Eh*ctric Comjwny, OtHL 

i«J7, oon 

Mcrccdd ('orporatlon, K103 
Wagner KhH'trtc C'orp., 


PRAPS, Bucket 

Armstrong Machine Works, 1070- 
1077 

C'ochranc C'orp., 1078 
(Vane ('ompany, IOM-1045 
('. A. Dunham Co., 1018-1010 
Illinois Kugin<H.‘ring Co., H)2(>-1027 
Kjcl<‘y & Mueller, Inc., 1080 
Mueller Steam Specialty C'o., Inc., 
1081 

Siirco C'ompany, Inc., 1028-1020 
I'rane C'ompany, The, 010-011 
Wright-Auatin C'o., 1082 

'I'RAPvS, Float 

Am<‘rican District Stwim C'o., 1074, 
1117 

.Armstrong Machine Woiks, ]07(i- 
1077 

Barnes & Jones. Inc., 1010 
W. H, C'onnor Kngineermg C'orp., 
^ D<*n‘x Div., 024-02.'), 072 
('rune C'tutipany. 1044-1045 
CV A. Dunham C'o., 1018-1010 
CJrinnell ('**., Inc.. 1020-1022, 1070 
William S. Haim's 8' C'o., 1023 
H<*ffnuin Specialty C'o., Inc., 1024- 
102,*) 

Illinois ICngimwing C'o., 1020-1027 
Ki<‘I<*y8; Mtielh'r, Inc., 1080 
MtteUer Steam Specialty C'o,, 1081 
8kirco ('jmiiwny, Inc., 1028-1020 
Trane C'ompany, The, 010-011 
Wiirren W<‘bster it ('<>„ 1032-1035 
Wright-.\u«tiu C'o., 1082 

'PRAPS, Float and Thermostatic 
American District Steam C'o., 1074, 
1117 

.Arm.strong Machine Works, 1070- 
1077 

Barnes 8j Jones, Inc., 1010 
C'. A, Dunham C'o.. lOlH-lOlO 
(Irinnell C'o.. Inc., 1020-1022. 1070 
William S. Haines 8r C’o., 1023 
Hoffman SiH*chUty C‘o., lnc„ 1024- 
1025 

Illinois Kngineering C'o,, 1020-1027 
.Mueller Steam Spwialty ('<*., Ine., 
lOHl 

Powers Regulahjr C'**., 1008-ltK)<l 
Srirco UomiMiny, Inr„ 102H-I02i> 
Trane C'ompany, Th<‘, 010-0! I 
Warr<-n Webster 8t C'o., 1032-1035 
Wright-Austiu ('«>., 1082 

T RAPS, Radiator 
Armstrong Muchim' Wttrks, 1070- 
1077 

Hu rn<*H 8i Jom% Inc., 1010 
('. A. Dunham C'o.. 1018-1010 
(Irinnell (*«»., Im*.. 1020-1022. 1070 
William S. Unlnes 8' ('<»., 1023 
Hf»ffmun Specialty C'o.. Inc., 1024- 
1025 

Illinois KnginiH'ring C'o.. 1020-1027 
Surc(» t’omiKiuy, Inc., 1028-1020 
T'rane <'j*mpany, The, 010-011 
Warren Wchster 8r 1032-1035 

TRAPS, Return 
BarneH 8t Jones, Inc.. tOlO 
W. H. C'onnor Kngineering ('t*rp., 
Dorex Div.. 024-025, 072 
C rane C'omiwtny, 1044-1045 
Dunimm Uo., 1018-1010 
CJrinnell C'o.. Inc.. 1020-1022, 1070 
William S. Haim's Cft CV*., 1023 
Hoffnjun Siw%*lttUy C'n.. Inc., 1024- 
1025 

Illinois KngittmiiiK C’o., 1020-1027 
Kieley 8f Mueller. Inc., 1080 
Mueller Steam SjHTUilty C'<r., Inc.. 


Ssirco Company, Inc., 1028-1020 
Tnine Company, The, 010-011 
Warren Webster & Co., 1032-10.35 

TRAPS, Scale 

Henry Valve Company, 007 

TRAPS, Steam 

American District Steam C'o., 107 1, 
1117 

Armstrong Machine Works, 1070- 
1077 

Barnes & Jones, Inc,, 10 10 
('ochian*; CV)rp., 1078 
W. B. Connor ICngmeenng Corp,, 
Dorex Drv., 024-02.’>, 072 
C'rane C'ompany, 1044-104.'* 

(',. A. Dunham C'o., 1018-1010 
(Jrinncll C'o,, Inc,, 1020-1022. 1070 
William S. Ilaim's Ik Co., 1023 
Hoffman Specialty C'o., Inc., 1024- 
1025 

Illinois Kngineering C'o., 1020-1027 
Kieley 8r Mueller, Inc., 1080 
Mueller Steam Specialty C'o., Inc., 
1081 

Sarc<i C'ompany, Ine., 1028-1020 
Powers Regulator C'o., 1008-1000 
Trane C'omptiny, The, 010-011 
Warren Webster 4k C'o., 1032-103.*) 
WrigUt-Austin Co.. 1082 
Yanmll-Waring C'o.. 1083 

TRAPS, Thermoatatic 
Uarm'.H & Jones, Inc., 1010 
<'. A. Dunham C'o., 1018-1010 
CJrinttell C'o,, Inc.. l()20-10'22. 1070 
William S. Haines & C'o., 1023 
Hoffman Specialty ('o„ Ine.* 1024- 
1025 

Illinois Kngiiu'ering t^*., 1020-1(127 
i*owers R(‘gulator C'o., 1008-1(KH> 
Siirco Comixiny, Inc., 1028-1020 
Tmne C'ompany, The, OlO-OU 
Wtirren Webster 4it <'o„ 1032-1035 

T’RAPS, Vacuum 
Armstrong Mat'hine Works, 1070- 
1077 

Harm's 4k Jones, Inc., 1010 
C. A. Dunham Co., 1018-1010 
CJrinttell C'o., Ine., 1020-1022, 1070 
William S. Haines 4k ('o„ 1023 
Hoffman SjH'dulty Ch*., Inc., 1024- 
1025 

Illinois Knginw'ring C'o,, 1020-1027 
Kieley 4k Mueller, Inc., 1080 
Mueller Steam SfM'clalty (k>., Ine., 
1081 

S«irc{> C'ompany, Inc,, 1028-1020 
Tmne C'ompany, Tlie, IHO-Oll 
Warrc'n Webster 4k C'o., 1032-1035 
Wriglit-Austin C'o., 1082 

TUBE CLEANERS 
Murtocello, Jos. A, 4k Sous, 037 

T UBES, BoUw 
HabetH’k 4k Wlleox t'o., 1012 
Hethlebem Stet*! C'o,, 083 
('urnegie- Illinois Stwl C'orp., 085 
jonfsik Utughlin Steel C'<jr|t,, OBI 

TUBES, Copper 
.American Hrass t't*mp.iuy, 1088- 
1080 

Wolverine Tube Company, 1000 

TUBES* Pitot OSVr .4»V 
and Rmttdinii lH,strumfntsi 

TUIIIN<L Aluminum 
Reymdds Metals Co., Ine., IIOO 
Wtdverim* Tube C'ompany, 1000 


Numeral* followinit Manufacturer*' Name* refer to paife* in the Cataloil Data Section 
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TUBING, Copper 
American Brass Company, 1088- 
1089 

Wolverine Tube Company, 1090 
TUBING, Fabricated 
Acme Industries, Inc., 938 
Bethlehem Steel Co., 983 
Arthur Hams & Co., 1087 
Wolverine Tube Company, 1090 

TUBING, Flejdble MetalUc (5«e 
also Conduit, flexible) 

American Brass Company, 1088- 
1089 

American Radiator & Standard 
Sanitary Corp., 1040-1041 

TUBING, Steel 
Babcock & Wilcox Co., 1042 
Bethlehem Steel Co., 983 
Jones & Laughlin Steel Corp., 984 

TURBINES 

Coppus Engineering Corp., 922 
General Electric Company, 966- 
967, 996 

B. F. Sturtevant Co., 960-961 
Westinghouse Elec. & Mfg. Co., 
876-877, 932 

L. J. Wing Mfg. Co., 913-915 
Worthington Pump & Machinery 
Co., 950-951 

UNDERGROUND PIPE CON- 
DUITS (See Conduits, Under- 
ground Pipe) 

UNIT HEATERS (See Healers, 
Unit) 

UNIT VENTILATORS (SeeVenii- 
lators, Unit) 

UNITS, Air Conditioning (See 
Air Conditioning Units) 

V-BELT DRIVES 
American Coolair Corp., 952-963 
Frick Company, 946 
Utility Fan Corporation, 912 
Worthington Pump & Machinery 
Corp., 960-951 

VACUUM HEATING SYSTEMS 

(See Heating Systems, Vacuum) 

VALVES, Air 

American Radiator & Standard 
Sanitary Corp., 1040-1041 
Anderson Products, Inc., 1084 
Armstrong Machine Works, 1076- 
1077 

Burnham Boiler Corp., 1043 
Crane Company, 1044-1045 
Curtis Refrigerating Machine Co., 
Div. of Curtis Mfg. Co., 945 
Detroit Lubricator Co., 992-993 
Dole Valve Company, 1085 
Hoffman Spedalty Co., Inc., 1024- 
1025 

Jenkins Bros., 1086 
Kieley & Mueller, Inc., 1080 
Manning, Maxwell & Moore, Inc., 
1002 

Spence Engineering Co., 1010 
Trane Company, The, 910-911 
Triplex Heating Specialty Co., 
1030-1031 

Wright-Austin Co., 1082 

VALVES, Angle, Globe and 
Cross 

Baker Ice Machine Co., 943 
Burnham Boiler Corp., 1043 


Carbondale Div., Worthington 
Pump & Machinery Co., 950-951 
Crane Company, 1044-1045 
Detroit Lubricator Co., 992-993 
Frick Company, 946 
Grinnell Co.. Inc.. 1020-1022, 1079 
Henry Valve Company, 997 
Jenkins Bros., 1086 
Vilter Manufacturing Co„ 949 
York Ice Machinery Corp., 875 

VALVES, Automatic 
Alco Valve Company, Inc., 988 
American Radiator & Standard 
Sanitary Corp., 1040-1041 
Anderson Products, Inc., 1084 
Automatic Products Corp., 989 
Baker Ice Machine Co., 943 
Barber-Colman Co., 971, 990 
Crane Company, 1044-1045 
Detroit Lubricator Co., 992-993 
Dole Valve Company, 1085 
Fedders Manufacturing Co., 896-897 
Frick Company, 946 
Julien P. Friez & Sons, Div. of 
Bendix Aviation Corp., 991 
Fulton Sylphon Co., 994-995 
Johnson S^ice Co., 998-999 
Kieley & Mueller, Inc., 1080 
Manning, Maxwell & Moore, Inc., 
1002 

MinneapoHs-Honeywell Regulator 
Co.. 1004-1005 

Penn Electric Switch Co., 1007 
Powers Regulator Co., 1008-1009 
Sarco Company, Inc., 1028-1029 
Spence Engineering Co., 1010 
Trane Company, The, 910-911 
Triplex Heating Spedalty Co., 
1030-1031 

Warren Webster & Co., 1032-1035 
Webster Engineering Co., 1061 

valves, Back Pressure 
Alco Valve Company, 988 
Baker Ice Machine Co., 943 
Cochrane Corp., 1078 
Crane Company, 1044-1045 
Illinois Engineering Co., 1026-1027 
Jenkins Bros., 1086 
Kieley & Mueller, Inc., 1080 
Mueller Steam Specialty Co., 1081 
Spence Engineering Co., 1010 
Taylor Instrument Companies, 
1011 

York Ice Machinery Corp., 875 
VALVES, Balanced 
Crane Company, 1044-1045 
Henry Valve Company, 997 
Illinois Engineering Co., 1020-1027 
Jenkins Bros., 1086 
Kieley & Mueller, Inc., 1080 
Mueller Steam Spedalty Co., 1081 
Spence Engineering Co., 1010 

VALVES, Blow-off 
Cochrane Corp., 1078 
Crane Company, 1044-1046 
Detroit Lubricator Co,, 992-993 
Henry Valve Company, 997 
Jenkins Bros., 1086 
Kieley & Mueller, Inc., 1080 
Manning, Maxwell & Moore, Inc., 
1002 

McDonnell & Miller, 1038-1039 
Yarnall-Waring Co., 10^ 

VALVES, By-Pass 
Crane Company, 1044-1046 
Henry Valve Company, 997 
Jenkius Bros., 1086 
Johnson Service Co., 998-999 
Manning, Maxwell & Moore, lnc„ 
1002 


VALVES, Check 
Crane Company, 1044-1045 
Fedders Manufacturing Co., 890- 
897 

Frick Company, 946 
Grinnell Co., Inc.. 1020-1022, 1079 
Henry Valve Company, 997 
Illinois Engineering Co., 1026-1027 
Jenkins Bros., 1086 
Manning, Maxwell & Moore, Inc., 
1002 

Warren Webster & Co., 1032-1035 
York Ice Machinery Corp., 875 

VALVES, Diaphragm 

Alco Valve Company, 988 
Grinnell Co., Inc., 1020-1022, 1079 
Henry Valve Company, 997 
Illinois Engineering Co., 1026-1027 
Johnson Service Co., 998-999 
Kieley & Mueller, Inc.* 1080 
Manning, Maxwell & Moore, Inc., 
1002 

Minneapolis- Honeywell Regulator 
Co., 1004-1005 

Mueller Steam Specialty Co., 1081 
Parks-Cramer Co., 873 
Powers Regulator Co., 1008-1009 
Taylor Instrument C'ompanies, 
1011 

White- Rodgens Electric ('o., 1013 

VALVES, Expansion 

Alco Valve Comptiny, Inc., 988 
Automatic Products CV»rp,, 989 
Crane C'ompany, 1044-1045 
Detroit Lubriait<»r Co., 992-993 
Fedder.s Manufacturing ('o., 896- 
897 

Frick Company. 946 
Fulton Sylphon C'f>., JI94-995 
Henry Valve Company, 997 
Spence Engineering ('o., 1010 
York Ice Machinery C'orp., 875 

VALVES, Float 

Alco Valve Company, Inc.. i>88 
Anderson Products, Inc., 1084 
Baker Ice Machine t'o., 943 
Cochrane C'orp., 1078 
Crane Compiiny. 1044-1045 
Detroit Lubricator Co., 992-i)93 
Dole Valve Comiuiny, 1085 
Frick C'ompany, 946 
General Electric Company, 906- 
967. 990 

Illinois Engineering ('<>„ 1026-1027 
Kieley 8c Mueller, Inc., 1080 
McDonnell & Miller, 1038-1039 
Mueller Steam Specialty ('o,. 1081 
Spence Kngim‘ering Ciu, 1010 
Trane ('ompany, The. 910-911 
Vilter Manufacturing ('o„ 9,19 
York Ice Machinery C'orp., H75 

VALVES, Flow Control 

Bell & <;<>«m*tt C‘o., 1017 
Crane ('ompany, 1044-1045 
Detroit Lubrietitor t'o., 992-993 
C. A. Dunliam t'o., 1018-1019 
Frick ComiHiny, Inc., 946 
General Electric ('omixiny, 966- 
967, 996 

Hoffnwin Spedalty Co„ Inc., 1024- 
1025 

Illinois Engineering Co., 1026-1027 
Kielc>f & Mueller, Inc., 10^) 
Manning, Maxwell ik MLK)re, Ine„ 
1002 

McDonnell Miller, 1038-1039 
Minncii^olu^IhmeyweU Regtjhitor 
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Mueller Steam Specialty Co., Inc., 
1081 

Powers Regulator Co„ 1008-1009 
Spence Engineering Co., 1010 
Taylor Instrument Companies, 
1011 

Triple.^ Heating Specialty Co., 
1030-1031 

Warren Webster & Co„ 1032-1035 

VALVES, Gate 

Crane Company, 1044-1045 
Detroit Lubricator Co., 992-993 
Grinnell Co., Inc., 1020-1022, 1079 
Jenkins Bros., 1080 
Manning, Maxwell & Moore, Inc., 
1002 

Wolverine Tube Company, 1090 

VALVES, Hydraulic 

Crane Company, 1044-1045 
Jenkins Bros., 1080 
Manning, Maxwell & Moore, Inc., 
1002 

Yarmill- Waring Co., 875 

VALVES, Ma^tnetic 

AIc<» Valve C'ompany, Inc., 988 
Automatic Products C'orp., 989 
Barber-('olman C'o., 971, 990 
Detroit Lubricator ('<>., 992-993 
Frick C'ompany, 940 
Julien P. Fries: & Sons, Div. of 
Bendix Aviation ('orp., 991 
CJeneml Klectruj ('onlpuny, 900- 
907, 990 

McDonnell & Miller, 1038-1039 
Mereoid C'orporation, 1003 
Minn<*apoli«-i Ioneyw<*ll Regulator 
Co., 1004-1005 

Penn Klectric Switch ('o., 1007 
Spence Engine<‘ring ('<>., 1010 

VALVES, Mixing. Thermostatic 

Bartw*r-<'olman Co., 971, 990 
Dole Valve C'ompany, 1085 
Fulton Sylphon Cou 994-995 
Johnson Service t'o., 99^999 
M inn«*;ipoli«- 1 loney well Regulator 
('o.. 1004-1(K)5 

Powers Regulator <'o„ 1008- 1009 
Sarco ('ompany, Inc., 1028-1029 
Triplex Heating SiK’ciuIty Co., 
I0;i0-K)31 

VALVES, Non-Return 

(Vane (’omi«iny, 1044-1045 
Fedclers Manufacturing (*o., 890- 
897 

Frick Comiwvny, 940 
Illinois Knginming Co., 1020-1027 
Jenkins Bros,, 108(1 
fCieley 8c Mneller, Inc., 1080 
Manning, Maxwell Hi Moore, Inc., 
1<K)2 

VAI.VES, l^acklcw 

Alco Valve ('timtiany, 9HH 
Fulton Sylphon (%>,, 994-99.5 
Henry Valve ('ompany, 997 

VALVES, Prexeure Reduc(n(( 
/Vc.wwrr) 

VAT.VES, Pump 

Cntne ('ompiiny, 1044-1045 

Jenkins Bros., 1080 

Triine Coraiuiny* The, 910-911 

VALVES, Purile 

Henry Valve ('ompany, 997 


VALVES, Radiator 
Amencan District Steam Co., 1074, 
1117 

American Radiator & Standard 
Sanitary Corp., 1040-1041 
Anderson Products, Inc., 1084 
Barnes & Jones, Inc., 1010 
Bell and Gossett Co., 1017 
Burnham Boiler Corp., 1043 
Crane Company, 1044-1045 
Detroit Lubricator Co., 992-993 
Dole Valve Company, 1085 
C. A. Dunham Co., 1018-1019 
Fulton Sylplion Co., 994-995 
Grinnell Co., Inc., 1020-1022, 1070 
William S. Haines & Co., 1023 
Hoffman Specialty Co.. Inc., 1024- 
1025 

Illinois Engineering Co., 1020-1027 
Jenkins Bros., 1080 
Minneapolia-Honcywell Regulator 
Co., 1004-1005 

Powens Regulator Co., lOOB-lOOJ) 
Sarco C'ompany, Inc., 1028-1029 
Trane C'ompany, The, 910-911 
Warren Webster & Co., 1032-1035 

VALVES, Radiator, Electric 
Motor Operated 

Barber-Colman 971, 990 
Jiihen P. Friez & Sons, Div. of 
H(*ndi.x Aviation C^irp., 991 
Fulton Sylphon C'o., 994-995 
General Electric Comixiny, 900- 
907, 99(5 

Jenkins Bros., 1080 
MmneapoUs-Honeywell Regulator 
C'o., 1004-1005 

Sarco C'ompany, Inc., 1028-10251 
VALVES, Radiator Orifice 

American District vSteam C-o., 1074, 
1117 

^Vmeriean Radiator 8s Standard 
SjiniUiry C'orp., 1040-1041 
Barnes He Jones, Inc., 1010 
D(*troit Lubriaitor Co., 992-993 
('. A. Dimlmm C'o., 1018-1019 
Grinnell Co., Inc.. 1020-1022, 1079 
William S. Ilainiw & C'o., 1023 
Hoffman Spinrialty C'o., Inc., 1024- 
1025 

Illinois Engineering C'o., 1020-1027 
Sarco C'orapuny, Inc.. 1028-1029 
Trane C'ompany, The, 910-91 1 
Warren Webster He Co., 1032-1035 

VALVES, Radiator, Pneumatic 
Diaphraitm 

Bell and ('»os(«‘U C'o., 1017 

i enklns Bros., 1080 
ohnson Service C'o., 998-999 
Minneapolis-! loney well Regulator 
Co., 1004-1005 

Powers Regnlabir C'o., l(K)8-l<K)9 
Taylor Instrument ('omi>unlt‘s, 
101 1 

VALVES, Refriftemnt Line 
Ah'o Valve C'orapuny, Ine., 988 
Arrastning Machine Works, 1070- 
1077 

Frick ('ompuny, Inc., 94(5 
Henry Valve C'ompany, 997 
ViUer Manufueturing C'o., 949 
Worthington Pump He Mtwdiinery 
C'o,. «Ikm»51 

VALVES, Relief 
Baker Ice Machine C'o,, 943 
Hell und CrosH*‘tt C'o,, 1017 
<!ochmne ('orp.. 1078 
Crane Coratwiny, 1044-1045 


Frick Company, 94(5 
Grinnell Co., Inc.. 1020-1022, 1079 
Henry Valve Company, 997 
Illinois Engineering C'o., 102(>-I()27 
Kieley8: Mueller, Inc., lOft) 
Manning, Muxw'ell 3: Moore, Inc,, 
1002 

McDonnell & Miller. 1038-1030 
Mueller Steam Specialty Co., 1081 
Trane Company, The, 910-911 
Triplex Heating Specialty C'o., 
1030-1031 

York Ice Machinery Corp., 875 
VALVES, Safety 
American Radiator & Standard 
Sanitary C'orp., 1040-1041 
Baker lee Machine C'o., 943 
C'rane C'ompany, 1044-1045 
Detroit Lubricator C'o., 992-993 
Frick Company, Inc., 94(5 
Henry Valve C^ompany, 997 
Jenkins Bros., 108(5 
Manning- Maxwell & Moore, Inc., 
1002 

McDonnell & Miller, 1038-1039 
D. J. Murmy Mfg. Co., Unit 
Hefiter He ('ooler Div., 904-905 
Spence Engineering Co., 1010 
Triplex Heating Specialty C'o., 
1030-1031 

VALVES, Solenoid 
Alco Valv(* C-omiiany, Ine., 988 
Anderson Products, Inc., 1084 
Automatic Products C'orp., 989 
Harber-Colman C'o,, 971, 990 
Detroit Lubricator ('o., 992-993 
h'rick C'ompany, Inc., 940 
Julien P. Fries! & Sons, Div. of 
Bendix Aviation C'orp., 991 
Fulton Sylphon C'o,, 994-995 
(Jeneral Klectric Company, 9(5(5- 
9(57, 99(5 

McDonnell He Miller, 1038-1039 
MinnwipoUs-Honeywell Regulator 
C'o., 1004.1005 

Penn Klectric Switch Co„ 1007 
Spence Engineering Co., 1010 
Trane t'ompany. The, 910-911 
WhiU‘-Rodger8 Electric Co„ 1013 

VALVES, Stop and Ghecfc (.SVe 
Vaivi's, iV{m-Rri«rn) 

VALVES, Thermostatic 

Alco Valve ('ompuny, Ine., 988 
Automatic Products C'orp., 989 
Barber-C'olman C'o,, 971, 990 
Barnes 4k Jone.s, Inc,, 101(5 
Detroit Lubricator Co., 092-993 
Dole Valve C'ompany, 1085 
lAxiders Manufacturing ('<>*, 89(5- 
897 

Julien P, Fries: Hi S<ms, Div, of 
Bendix Aviation Uorp., 991 
Fulton Sylphon C'o,. 9J)4-99,5 
(ienenil Khx'trie (*omi>uny, 9(50- 
907, 9iM5 

(irlnnell C‘o„ Inc,, 1920-1022, 1079 
Illinois Engineering C'o., 102(5-1027 
jolmsfm S4*rvice (lo., 998-999 
Manning, Maxwell 4(t Moore, Ine., 
l(K)2 

Minmnipolis- Honeywell Regulator 
C'o., 1094- KX)5 

Penn KU*ctrie Switch Ch>., 1007 
Powers Regulator Cik, I(K>8-1()()9 
Sareti C'ompany, Iue„ 1028-1029 
Spence Kngimvring C'o., 1010 
Taylor Instrument C'omiumies, 
ion 

Trane C'<»mixiny, The* 910-9U 
White- R<Kigers KU*<\ <!o„ 1013 
Vurmdl-Waring (N),» 1083 
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VALVES, Water ReSulaHng 

Automatic Products Corp., 989 
Bell and Gossett Co., 1017 
Cochrane Corporation, 1078 
Crane Company, 1044-1045 
Detroit Lubricator Co., 992-993 
Fulton Sylphon Co., 994-995 
Johnson Service Co., 998-999 
Kieley & Mueller, Inc., 1080 
Manning, Maxwell & Moore, Inc., 
1002 

McDonnell & Miller, 1038-1039 
Minneapolis-Honeywell Regulator 
Co., 1004-1006 

Mueller Steam Specialty Co., 1081 
Penn Electric Switch Co., 1007 
Powers Regulator Co., 1008-1009 
Spence Engineering Co., 1010 
Triplex Heating Specialty Co., 
1030-1031 

York Ice Machinery Corp., 875 

VAPOR HEATING SYSTEMS 
(See Heating Systems, Vapor) 

VENTILATORS, Attic (See also 
Fans, Electric, Propeller and Ex- 
haust) 

Air Control Products, Inc., 968 
American Blower Corp., 868-869 
American Coolair Corp., 952-953 
Autovent Fan &; Blower Div., 
Herman Nelson Corp., 906-907 
Buffalo Forge Co., 955, 1129 
Burnham Boiler Corp., 1043 
Champion Blower & Forge Co., 956 
Clarage Fan Co., ^2 
DeBothezat Division, American 
Machine & Metals, Inc., 957 
Gar Wood Industries, Inc,, 882-883 
General Electric Company, 966- 
967, 996 

Lau Blower Company, 958 
H. J. Somers, Inc., 928 
B. F. Sturtevant Co., 960-961 
Torrington Mfg. Co., 962-964 
United States Air Conditioning 
Corp., 874 

United States Register Co., 980 
Wagner Electric Corp., 966 
Waterloo Register Company, 981 
Westinghouse Elec. & Mfg. Co., 
876-877, 932 

L. J. Wing Mfg. Co., 913-915 

VENTILATORS, Floor and Wall 

Air Control Products, Inc,, 968 
American Blower Corp,, 868-869 
American Coolair Corp., 952,953 
Anemostat Corp, of America, 969 
Auer Register Co., The, 970 
Barber-Colman Co., 971, 990 
Coppus Engineering Corp., 922 
Hart & Cooley Mfg. Co,. 974-976 
Hendrick Mfg. Co., 973 
Independent Register Co., 976 
L. J. Mueller Furnace Co., 890-891 
Register & Grille Mfg. Co., 977 
B. F. Sturtevant & Co., 960-961 
Tuttle & Bailey, Inc., 978-979 
United States Register Co., 980 
Wagner Electric Corp., 965 
Waterloo Register Co., 981 

VENTILATORS, Mushroom 
American Blower Corp., 868-869 
Clarage Fan Company, 872 
Coppus Engineering Co., 922 
L. J. Mueller Furnace Co., 890-891 
Tuttle & Bailey, Inc., 978-079 

VENTILATORS, Roof 
Airtherm Mfg. Co., 892 
American Coolair Corp., 952-953 


Autovent Fan & Blower Div., 
Herman Nelson Corp., 900-907 
DeBothezat Division, American 
Machine & Metals, Inc., 957 
General Electric Company, 966- 
967, 996 

Johns-Manville, 1102-1103 
New York Blower Co., 959 
B. F. Sturtevant Co., 960-901 
Waterloo Register Co., 981 

VENTILATORS, Unit 
American Blower Corp., 868-869 
American Coolair Corp., 952-953 
Buffalo Forge Comijany, 955, 1129 
W. B. Connor Engineering Corp., 
Dorex Div.. 924-925, 972 
Herman Nelson Corp., 906-907 
John J, Nesbitt, Inc., 908 
New York Blower Co., 959 
Staynew Filter Corp., 929-931 
B. F, Sturtevant Co., 960-961 
Trane Company, The, 910-911 
L. J. Wing Mfg. Co., 913-915 
Young Radiator Company, 916 

VENTILATORS, Window 
American Air Filter Co., 920-921 
American Blower Corp., 868-869 
American Coolair Corp., 952-963 
Autovent Fan & Blower Div., 
Herman Nelson Corp., 900-907 
Buffalo Forge Company, 955, 1129 
Carrier Corporation, 870-871 
Coppus Engineering Corp., 922 
Libby-Owens-Ford Glass Co., 1122- 
1123 

Pittsburgh Corning Corp., 1116 
H. J. ^mers, Inc., 928 
Staynew Filter Corp., 929-931 
B. F. Sturtevant Co., 960-961 
Wagner Electric Coip., 965 

VIBRATION ABSORBERS (See 
also Sound Deadening) 

American Brass Company, 1088- 
1089 

Armstrong Cork Company, 1093 
Celotex Corporation, 1096 
Johns-Manville, 1102-1103 
Mundet Cork Company, 1106 
United States Gypsum Co., 1112- 
1113 

WALLBOARD, Insulating 
Armstrong Cork Company, 1093 
Celotex Corporation, 1096 
Insulite Company, 1100-1101 
Johns-Manville, 1102-1103 
National Gypsum Co., 1107 
United States Gypsum, 1112-1113 
Wood Conversion Company, 1114 

WARM AIR FURNACES (See 
Furnaces, Warm Air) 

WARM AIR heating SYS- 
TEMS (See Healing Systems, 
Furnace) 

WASHERS, Air (See Air Washers) 

WATER COOLING (See also Cool- 
ing Equipment, Waters Cooling 
Towers) 

Acme Industries, Inc., 938 
Aerofin Corporation, 939-941 
Airtcmp Div., Chrysler Corp,, 878- 
879 

Baker Ice Machine Co., 943 
Carbondale Div,, Worthington 
Pump 8e Machinery Corp., 950- 
951 

Carrier Corporation, 870-871 


Curtis Refrigerating Machine Co., 
Div. of Curtis Mfg. Co., 945 
DeBothezat Division, American 
Machine & Metals, Inc., 957 
Frick Company, Inc., 946 
Marley Co., Inc., 936 
McQuay, Incorporated, 000-901 
Refrigeration Economics Co., 009 
Trane Company, The, 010-911 
United States Air Conditioning 
Corp., 874 

Universal Cooler ('orp., 948 
Vilter Manufacturing Co., 049 
Westinghouvse Elec. & Mfg. C(»., 
876-877, 932 

York Ice Machinery Corp., 875 

WATER COOLING TOWERS 

(See Cooling Towers. Water) 

WATER FEEDERS (See Feeders, 
Water) 

V^ATER HEATERS (See Heaters, 
Hot Water Service) 

WATER MIXERS, 

Thermostatic 
Fulton Sylphon Co„ 904-995 
Powera Regulator Co., 10(18-1009 
Sarco Company, Inc., 1028-1020 
Triplex Heating SpCK^ialty C’o., 
1030-1031 

WATER TREATMENT 
American Blower C'ori)., 868-809 
Cochrane Corp.. 1078 
Oakite Products, Inc., 933 
Research Products Chirp., 923 
Vinco Ccimpany, Inc., 1036-1037 

WEATHER INSTRUMENTwS, 
Indlcatlnft and Recording 
Julien P. Friez & Sons, Div. 

Bendix Aviation ('orp., 901 
Johnson Service ('.o., 098-090 
Leeds & Northrup (?o„ lOOl 
Palmer Company, The, t(Kl6 
Powers Regulator ('<>., 1008-1000 
Taylor Instrument C'ompmnies, 
lOU 

WELDING, Fm'INC;S (.See Fit- 
tings, Welding) 

WELDING ROD 
American Bniss Company, 1088- 
1080 

Carnegie- niinoiH Steel (h»rp„ 085 
Geneml Electric Company, 066- 
967, 906 

WHEELS. Blower 
Amcricjin Blower t'ori>.. 868-860 
Autovent Kan Ik Blower Div., 
Herman NeltK>n Corp,, 006-007 
Bayley Blower thimpaiiy, 054 
Buffalo Forge ('omi«iny, 0,55, 1120 
Clmmplon Blower & Kt>rg<‘ Cto., 056 
C'lurage Kan Company, 872 
Hastings Air Conditioning (h»„ 808 
Lau Blower C'o., 058 
L. J. Mueller Furnace Co., 800-801 
B. F. Sturtevant Co., 960-001 
Torrington Mfg. C'o., {102-004 
United States Air (‘onditifuiing 
Corp., 874 

Utility Kan Corporation, 012 

WHEELS, Spray (See Spray 
Equipment) 

WINDOWS, Supplenumwry 
Sash 

Libby-Owens-Kord GUm Co„ 1 122* 
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ENGINEERS OF HUMAN COMFORT 

T he Heating, Ventilating and Air Conditioning Engineer through 
his work and research brings to our homes, our offices and our 
factories, in both summer and winter, that climate best suited to our 
comfort and health. He is truly an Engineer of Human Comfort. 

In September 1894, a little group of engineers, educators and manu- 
facturers gathered in New York and agreed that the great art of heating 
and ventilating deserved and required recognition as an essential, dis- 
tinctive and highly specialized division of modern engineering. These 
men realized the basic importance of heating and ventilating eis the 
primary element in the well-being of civilized mankind, living and working 
mostly indoors. 

They foresaw the need for research and one of the first acts of the 
organized body was to establish a Committee on Standards. That the 
Charter Members had great faith in their enterprise is evident, although 
little did they dream that progress would be so rapid in their profession. 

During the intervening years since that little group of 75 pioneers 
unfurled the banner of The American Society of Heating and Venti- 
lating Engineers — 3132 of the real leaders of thought and action in 
heating, ventilating, and air conditioning have gathered about that 
standard and carried it proudly before them far eilong the way of real 
accomplishment. They may be identified among engineering groups 
by the distinctive emblem which was adopted by the Charter Members. 

The first Annual Meeting was held in New York, N. Y., January 22-24, 
1896, and the organization was incorporated under the laws of the State. 

The Sodety now has 3132 members on its rolls, including engineers, 
educators, sdentists, physidans, architects, contractors, and leaders of 
industry. There are four deisses of active members, namely: MEMBER, 
Associate, JtNioR and Student. 

The management of the Sodety is entrusted to 4 Officers and a Coundl 
of 12 elected members with the retiring President who serv^ for 1 yeat 
as well as the Chairman of the Committee on Research who is ex-offido. 
Research work is in charge of the Comnaittee on Research consisting 
of 16 members, 5 being elected annually for a period of 3 years. 

The three major activities of the Sodety ^e: Membership Serdce, 
Publication and Research, the record of its accomplishments bdng 
permanently recorded in the annual TRANSACTIONS. 

Headquarters of the Sodety are maintakdi in TTie New York Life 
Building, 51 Madison Avenue, New York, N* Y. 



Officers and Council 


American Society of Heating and Ventilating Engineers 

51 Madison Ave., New York, N. Y. 


1941-42 


President W. L. Fleisher 

First Vice-President. E. 0. Eastwood 

Second Vice-President J. H. Walker 

Treasurer... M. F. Blankin 


Secretary 

Technical Secretary. 


One Year 

E. K. Campbell 
S. H. Downs 

F. E. Giesecke 
A. T, Offnkr 

G. 1 , Tuve 


Council 

W. L, Fleisher, Chairman 
E. 0. Eastwood, Vice-Chairman 
Two Years 

i F. Collins, Jr. 

. N. McDonnell 
T. H. Urdahl 
C,-E. A. Winslow 

A. E. Stacey, Jr., Ex-Officio 

Committees of the Council 


■A. V. Hutchinson 
John James 


Three Years 
A. P. Kratz 
W. A. Russell 
L. P. Saunders 
C. Tasker 


Executive: F. E. Gicaccko, Chairman; E. 0. Eastwood, A. J. OfFner. 
Finance: E. N. McDonnell, Chairman; J. F. Collins, Jr., J. H. Walker. 
Meetings: A, P. Kratz, Chairman; L. P. Saunders, C.-E. A. Winslow, 
Membership: T. H, Urdahl, Chairman; M. F. Blankin, W. A. Russell. 
Standards: S. H. Downs, Chairman; C. Tasker, G. L. Tuve. 


Advisory Council 

F. E. Giesecke, Chairman; Homer Addams, R. P. Bolton, I). S. Boyden, W. H. Carrier, 
S. E. Dibble, W. H. Driscoll, H. P. Gant. E. Holt Gurney, John F. Hale, L. A. 
Harding, H. M. Hart, C. V. rlaynes, E. Vernon Hill, John Howatt, W. T. Jones, 
D. D. Kimball, G. L. I^rson, S. R. Lewis, Thornton Lewis, J. L Lyle, J. F. Mclntire, 
F. B. Rowley and A. C. Willard. 


Special Committees 

CmmUUe on Admission and Advanmnent: L. Walter Moon, Chairman (one year); 

Farle W* Gray (two years)^ E. P. Heckcl (three years)* 

A.S»H.V.E .‘— Committee on Lighting in Air Conditioning: H. M. Shaip, 
Chairman; B. E. Ashley, A. A. Brainerd, A. D. Cameron, W. F. Friend, W. £. 
Stark and Walter Sturrock. 

A.S.H,V.E, — A.S*TM* Committee on Thermal Conductivity: F. C. Houghten, Chairman; 
C. B. Bradley, H. C. Dickinson, R. H. Heilman, E. R. Queer, F. B. Rowley, T. S. 
Taylor and G. B. Wilkes. 


3 



Committee to Study the Method of Selecting Society Officers and Council Members: H. H. 

Erickson, Chairman; Tom Brown, W. H. Driscoll, F. C. McIntosh and W. A. Russell. 
Committee on Constitution and By-Laws: F. C. McIntosh, Chairman; M. C. Beman and 
W. E. Stark. ^ ^ 

F, Paul Anderson Award Committee: E. O. Eastwood, Chatrman; D. S. Boyden, W. T. 

Jones, E. Holt Gurney and Perry West. tt i / 

Publication Committee: P. Nicholls, Chairman {one year); James Holt {two years), 
C. H. B. Hotdikiss ^ ^ o t u 

Guide Publication Committee: C. M. Humphreys, Chairman; P. D. Close, C. S. Leopold, 
A. J. Offner and M. F. Rather. . ^ ^ 

Local Chapter CommiUee: E. K. Campbell, Chairman; M. H. Bjerken, F. G. Burns, 
P. L. Charles, C. F. Cushing, H, H. Douglas, C. E. Hartwein, W. R. Heath, H. B. 
Hedges, T. M. Hughey, W. H. Junker, L. F. Kent, F. A. Leser, L. C. McCIanahan, 
J. F. Mclndoe, A. R. Morin, R. A. Norman, Gustav Nottberg, C. S. Pabst, Arvin 
Page, C. M. F. Peterson, N. H. Peterson, F. J. Pratt, T. F. Rockwell, H. R. Roth, 
L. E. Seeley, V. L. Sherman, R. M. Spencer, T. D. Stafford, H. W. Stanton and 
G. H. Tuttle. , ^ A 

Committee on Code for Testing Surface Coils for HeaHng and Cooling: C. A. McKeeman, 
Chairman; Tom Brown, E. L. Hogan, H. F. Hutzel, L. E. Moody, A. F. Nass, S. F. 
Nicoll, M. Noble, L. P. Saunders and D. C. Wiley. 

Committee on Safety Regulations for Heating, Ventilating and Air Conditioning Systems: 
N. A. Hollister, Chairman; F. H. Buzzard, B. F. McLouth, G. P. Nachman and 
C. H. Randolph. 

Committee on A,S,H.V,E. Code for Testing Air Cleaning Devices: John Howatt, Chair- 
man; O. W. Armspach, J. L. Blackshaw, R. S. Dill, S. P. Eagleton, S, R. Lewis, 
Arthur Nutting, G. W. Penney, F. B. Rowley, J. H. Waggoner and Dr. Leonard 
Greenburg, Ex-Officio. 

Joint Committee on Standards for Residence Heating: L. E. Seeley, Chairman; R. S. 
Dill, S. H. Downs, H. L. Dp^den, J. G. Eadie, H. C. Meyer, Jr,, T. H. Urdahl, 
R. K. Thulman and H. Vermillyea. 

Joint Committee to Study Uniform Methods of Heat Loss Calculations: P. D. Closer 
Chairman; A. P. Kratz, J. P. Magos, G. P. Nachman and A. F. Nass. 


Nominatiiig Committee 


Chapter 

Representative 

Alternate 

Atlanta 

L. F. Kent 

A. H, Koch 

Cincinnati 

W. H. Junker 

C. E. Hust 

Connecticut 

L. E. Seeley 

E. J. Rodee 

Delta 

L. V. Cressy 

F. G. Burns 

Golden Gate 

N. H. Peterson 

C. E, Bentley 

Illinois 

M. W. Bishop 

E. M. Mittendorf 

Iowa 

R. A. Norman 

M. L. Todd 

Kansas City 

W. A. Russell 

N. W, Downes 

Manitoba 

P. L. Charles 

Ivan McDonald 

Massachusetts 

C. M. F. Peterson 

A, C. Bartlett 

Michigan 

G. H. Tuttle 

T. S. Kilner 

Minnesota 

R. E. Backstrom 

N. D. Adams 

Montreal 

W. U. Hughes 

F. G. Phipps 

Nebraska 

Frederick Organ 

H. W. Stanton 

New York 

C. S. Pabst 

J. Wheeler, Jr. 

North Carolina 

Arvin Page 


North Texas 

R. K. Werner 

L. L. I^NDAUKR 

Northern Ohio 

C. M, H. Kaercher 

P. D. Cayman 

Oklahoma 

A. R. Morin 

Earle W, Gray 

Ontario 

C. Tasker 

H. R. Roth 

Oregon 

E. E. Carroll 

I. F. McIndoe 

Pacific Northwest 

F. J. Pratt 

M. J. Hauan 

Philadelphia 

H. H. Mather 

H. fi. Hedges 

Pittsburgh 

F. C. McIntosh 

L F. Collins, Jr. 

St. Louis 

C. F. Boester, Jr. 

J. H, Carter 

South Texas 

R. M. Spencer 

J, S. Hopper 

Southern California 

H, H. Douglas 

A. J. Hess 

Washington, D. C. 

F. A. Leser 

T. H. Urdahl 

Western Michigan 

L. G. Miller 

B, F. McLouth 

Western New York 

C. A. Gifford 

W. R. Heath 

Wisconsin 

Ernest Szekely 

W. A. OUWBNRBL 
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COMMITTEE ON RESEARCH 


A, E. Stacf,y, Jr., Chairman 

C.-E. A. Winslow, Vice-Chairman F. C. Houghtrn, Director 

J, H. W'alkkr, Technical Adviser A. C. Fifxdner, Ex-Officio Member 


One Year 
R. E. Daly 
W. A, Danielson 
H. J. Rose 

C. TASKER 

C.-E. A. Winslow 


T'wo Years 
Philip Drinker 
Axel Marin 
A. E. Stacey, Jr. 

J. H. Van Alsburg 
J. H. Walker 


Three Years 
C. M. Ashley 
M. K. Fahnestock 
H. King McCain 
F. C. McIntosh 
T. H. Urdahl 


Executive Committee 

A. E. Stacey, Jr., Chairman 

M. K. FAHNKsrocK Axel Marin T. H. Urdahl C.-E. A. Winslow 


Finance Committee 
E. P. Hkckel, Chairman 

E. K. Campbell H. B. Hedges A. F. Nass C. H. Randolph 


Technical Advisory Committees 

of Comjort: Thomas Chester, Chairman; N. D. Adams, C. R. Bellamy, 
I). Hfe, E. P. Heckcl, Dr. W. J. McConnell, F. C. McIntosh*, A. B. Newton, 

B. F. Rabcr and C. Tasker*. 

Physiological Reactions: C.-E. A. Winslow* Chairman; Dr. T. Bedford, Thoma.s 
Chester, Dr. K. F. DuBois, Dr. M. B. Ferdcrber, E. P. Heckel, John Howatt, Dr. 
R. W. Keeton, C. S. I-eopold, Andr6 Missenard, Dr. R. R. Sayers, Charles Sheard 
and C. Tasker*. 

Air Coftditio7iing in Industry: W, L. FIcisher*, Chairman; Dr. Leonard Greenburpf, 
H. P. Crrccnwald, W. C. L. Hemeon, A. M. Kinney, J. W. Kreuttner, L, L. Lewis, 
H. B. Matzen, Dr. W. J. McConnell, Dr. C. P. McCord, P. A. McKittrick, Dr. 
R. R. Say<‘rs, CharU‘s Shearcl, C. Tasker*, R. M. Watt, Jr. and H. E, Ziel. 

Removal Atmospheric Impurities: Dr. Leonard Greenburcr, Chairman; J. J. Burke, J. M. 
DalkiVallc, R. S. Dill, Theodore Hatch, L. R. Roller, F. H. Munkelt, H. C. Murphy, 
G. W. Penney, Dr. E. B. Phelps, F. B. Rowley, C. Tasker*, W. 0. Vedder, /. H. 
Waggoner, R, P. Warren, W. K Wells and Dr. Ren6e Wiener. 

Radiation and Comfort: J. C, Fitts, Chairman; A. H. Barker, L. M. K. Boelter, R. E. 
Daly*, J. B. Pullman, E. R. Gurney, L. N. Hunter, A. P. Kratx, C. S. Leopold, 
D. W. Nelson, W. J. Olvany, G. W. Penney, W. R. Rhoton, C. J. Stermcr and 

C. -E, A. Winslow*. 

Instruments: D, W. Nelson, Chairman; F. R. Bichowsky, L. M. K. Bociter, R, S. Dill, 
A, P, Gaggc, J. A. Goff, A. E. Hershey, F. C. McIntosh*, F. W. Reichelderfer, 

G. L, Tuve and C. P. Yaglou. 

Weathif Design Conditions: T. H. Urdahl*, Chairman; J. C. Albright, H. S. Birkett, 
P, I). Close, John Everetts, Jr., C. M. Humphreys, O. A. Kinder, H, H. Koster, 

J. W. O^Neill and F. W. Reichelderfer. 

Radiation with Gravity Air Circulation: M. K. Fahnestock* Chairman; R. E, Daly*, 

H, S. Dill, A. G. Dixon, H. F. Hulzel, J. P. Magos, J. W. McElgin, J. F. Mclntire, 
T. A. Novotney ami W. A. Rowe. 

Hmi Transfer of Fmned Tubes with Forced Air Circulation: W. E. Heibcl, Chairman: 
C. M. Ashley*, William Goodman, H, F. Hutssel, Ferdinand Jehle, S. F. Nictdl, 
H. H. Norris, L. P. Saunders, R. J. 'IVnkonohy, G. L. Tuve and C, F. Wood. 
Cooling Load in Summer Air Conditioning: C. M. Ashley*, Chairman; John Everetts, 
Jr., K. H. Hyde, C. S. Leopold, U. Mackey, H. M. Stikeleather, J. IL Walker 
and W. E, Zieber. 

Summer Air Conditioning for Residences: M. K. Fahnestock*, Chairman; C. F. BocBtcr, 

K, A. Brandt, John Everetts, Jr., H. F. Hulxel, K, 1). Milener, K. W. Miller, F. (L 
Sedgwick ami J. H. Walkei^. 

Air Distribution and Air Friction: J. H. Van Alsburg*, Chairman; S. H. Downs, A, E. 
Hershey, R. D. Madison, L. G. Miller, D. W. Nelson, C, H: Randolph, D. J. 
Stewart, M. C. Stuart, Ernest S/ekely, K. J. 'IVnkonohy and G. L, Tuve, 


♦Member of Committee on Renearoh. 
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Heat Requirements of Buildings: P. D. Close, Chairman; E. K. Campbell, J- F. Collins, 
Jr., E. F. Dawson, W. H. Driscoll, H. M. Hart, E. C. Lloyd, H. H. Mather, C. H. 
Pesterfield, F. B. Rowley, R. K. Thulman and J. H. Walker*. 

Air Conditioning Requirements of Glass: M. L. Carr, Chairman; C. M. Ashley*, L. T. 
Avery, F. L. Bishop, D. A. Bridges, W. A. Danielson*, H. C. Dickinson, J; D. 
Edwards, J. E. Frazier, S. 0. Hall, E. H. Hobbie, C. L. Kribs, Jr., Axel Marin*, 
R. A. Miller, F. W. Parkinson, W. C. Randall, L. T. Sherwood, J. T. Staples, G. B. 
\\^atkins and F. C. Weinert. 

Insulation: R. T. Miller, Chairman; E. A. Allcut, R. E. Backstrom, Wharton Clay, 
R. E. Daly*, H. C. Dickinson, J. D. Edwards, W. V. Hukill, E. C. Lloyd, Paul 
McDermott, E. W. McMullen, W. T. Miller, E. R. Queer, F. B. Rowley, W. S. 
Steele, J. H. Waggoner and G. B. Wilkes. 

Sound Control: J. S. Parkinson, Chairman; E. L. Anderson, C. M. Ashley*, A. L, Kim- 
ball, V. 0. Knudsen, R. D. Madison, R. F. Norris, C. H. Randolph, A. E. Stacey, 
Jr.*, A. G. Sutcliffe and R. M. Watt, Jr. 

Coohng Towers^ Evaporative Condensers and Spray Ponds: B. M. Woods, Chairman; 
W. W. Cockins, S. C. Coey, E. H. Kendall, S. R. Lewis, F. C. McIntosh* H. B. 
Nottage, J. F. Park, E. T. Selig, Jr., E. W. Simons and E. H. Taze. 

Psychrometry: F. R. Bichowsky, Chairman; D. B. Brooks, W. H. Carrier, H. C. Dickin- 
son, A. W. Gauger, J. A. Goff, William Goodman, A. M. Greene, Jr., L. P. Harrison, 
F. G. Keyes, A. P. Kratz, D. M. Little, Axel Marin*, D. W. Nelson, W. M, Sawdon 
and F. 0. Urban. 

Corrosion: A. R. Mumford, Chairman; H. E. Adams, N. D. Adams, J. F. Barkley, 
L. F. Collins, W. H. Driscoll, T. J. Finnegan, W. Z. Friend, R. R. Scebcr, E. T, 
Selig, Jr., F. N. Speller, C. M. Sterne and f. H. Walker*. 

Flow of Fluids Through Pipes and Fittings: S. R. Lewis, Chairman; L, A. Cherry, G. C. 
Davis, T. M. Dugan, Earle W. Gray, R. T. Kern, H. A. Lockhart, Axel Marin*, 
R. F. Taylor and E. L. Weber. 

Fuels: R. A. Sherman, Chairman; R. M. Conner, A. C. Fieldncr, L. N. Hunter, S* 
Konzo, W. M. Myler, Jr,, H. J. Rose*, C. E. Shaffer, T. H. Smoot, R. K. Thulman 
and E. C. Webb. 


♦Member of Committee on Research. 


Officers of Local Chapters, 1941-42 


Atlanta 

Headquarters, Atlanta, Ga. 
Meets: First Monday in Month 
President, S. W. Boyd 

Trust Co. of Georgia Bldg. 

Secretary, A. H. Koch 
3687 Peachtree Rd. 

Cincinnati 

Headquarters, Cincinnati, Ohio 
Meets: Second Tuesday in Month 
President, W. H. Jwker 
6068 Dryden Ave. 

Secretary, Albert Buenger 
Gibson Hotel 

Connecticut 

Headquarters, New Haven, Conn, 
President, W. K. Simpson 
9 Sands St., Waterbury 
Secretary, L. A. Teasdale 

20 Ashmun St., Hew Haven 


nilnois 

Headquarters, Chicago, III. 
Meets: Second Monday in Month 
President, Irving E. Brooke 
189 W. Madison St. 

Secretary, M. W. Bishop 

228 N. LaSalle St., Chicago 

Iowa 

Headquarters, Dcs Moines, fowu 
Meets: Second Tuesday in Month 
President, Perrv LaRub 
629 Third St. 

Secretary, C. W. Hblstrom 
1614 Thompson Ave, 

Kansas City 

Headquarters, Kansas City, Mo. 
Meets: Second Monday in Mmth 
President, Gustav Nottberg 
914 CampbeU St. 

Secretary, M. M. Rivard 

1805 West 49th St. Terrace 


Delta 

Headquarters, New Orleans, La. 
President, C. B. Gamble 
3432 Upperline St. 

Secretary, L. V. Crbssy 
916 Union St. 


Golden Gate 

Headquarters, San Francisco, Calif, 
Meets: First Wednesday in Month 
President, C. E. Bentley 

1875 San Antonio Ave., Berkeley 
Secretary, J. F. Kooistra 

625 Market St,, San Francisco 


Mahitoba 

Headquarters, Winnipeg, Man, 
Meets: Third Thursday in Month 
President, R. L. Kent 
365 Hargrave St. 

Secretary^, U Chester 
179 Bannatyne Ave. 


Masaachuaatts 

Headquarters, Boston, Mass# 
Meets: Third Tuesday in Month 
President, J. W. Brintdn 
1003 Statler Bldg. 

Secretary, E. G. CARRIER 
704 Statler BWg. 
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Officers and List of Chapters, 1941-42 — {Continued) 


Michigan 

Headciuarters, Detroit, Mich. 

MeHs: First Monday after 10th of Month 
President, J. S. Kilner 
1091 Seminole Ave. 

Secretary, W. H. Old 
1701 Forest Ave. W. 


Minnesota 

Iloadauartcrs, Minneapolis, Minn. 

Meets: First Monday in Month 
President, H. M. Betts 
213 City Hall 
Setretary, D, B. Anderson 

1981 First National Bank Bldp;., St. Paul, Minn. 

Montreal 

Headquarters, Montreal, Que. 

Meets: T'htrd Monday in Month 
President, W, U. Htr<;uEs 
1411 Crescent St. 

Secretary, A. M. Peart 
ei37 CraiK St. W. 

Nebraska 

Meets: Second Tuesday in Month 
President, H. W. Stanton 
2100 Ryona St., Lincoln 
Secretary, C. E. Wiser 

3023 Farnam St., Omaha 


New York 

ih^ttdquurters, New York, N. Y. 
Meets: Third Monday in Month 
President, JOK Wheeler, Jr. 

28 K<iHt 29th St^ 

Secretary, C. R. Hikrs 

19 Wimtminater Rd., Great Neck, L. X. 

North Carolina 
Headquarters, Durham, N. C. 
Meets: Quarterly 
President, W. M. Wallace, U 
HI N. Corcoran St, 

Secretary, F. J. Reed 

203 College Station, Durham, N. 

North Texas 

Headquarters, Dallas, Texas 
Meets: Second Monday in Month 
President, R. K. Wernkr 

310 W, T. WaKgoner Bldg., Fort Worth 
Secretary, H, L. Brown 

3401 Potomac St.. Dallas 


Northern Ohio 
Headquarters, Cleveland, Ohio 
Meets: Second Monday in Month 
President, J. A, Sckurman, Jr. 

2700 Washington Ave. 

Secretary, P. D, Gayman 

2142 l^vst 10th St., Cleveland 


Oklahoma 

Ht^dquarters, Oklahoma City, Okla. 

X/tfts: Second Monday in Month 
Presidmu, A. R, Morin 
211 ft Slu^rman 
,S0cretary, J, H, Carnahan 
K O, Box im 

Ontario 

Headquarters, Toronto, Ont. 

Meets: First Monday in Month 
President, C. Ta«ic»R 
42 Queens Park 
Secretary, H, R. Roth 
ftTBloorSt. W* 

Oregon 

Headquarters, I^ortland, Ore. 

Meets: Thursday after First Tuesday in Month 
FresidcHt, J. F. McXndob 
im N,W. Aspen St- 
Secretary, J. A. Frkkman 
tm S.E» nth Ave. 


Pacific Northwest 
Headquarters, Seattle, Wash. 
Meets: Second Tuesday in Month 
President, F. J. Pratt 

Annapolis Terrace, Port Orchard, Wash. 
Secretary, R. E. LeRiche 

403 Terminal Sales Bldg., Seattle 


Philadelphia 

Headquarters, Philadelphia, Pa. 
Meets: Second 7'hursday in Month 
President, H. B. Hedges 

State Rd. and Rhawn St, 

Secretary, R. D. Touton 

Ninth and Columbia Ave. 

Pittsburgh 

Headquarters, Pittsburgh, Pa. 
Meets: Second Monday in Month 
President, E. C. Smykrs 
148 Jamaica Ave. 

Secretary, T. F, Rockwell 

Carnegie Institute of Technology 

St. Louis 

Headquarters, St. Louis, Mo. 
Meets: First Tuesday in Month 
President, D. J. I^^agin 
1017 Olive St. 

Secretary, J. H, Carter 
3974 Delmar Blvd. 


South Texas 

Headciuarters, Houston, Texas 
Meets: Third Friday in Month 
President, D. S. Cooper 
210 E. Cowan Dr. 

Secretary, A. M. Chase, Jr, 

Box 359 


Southern California 
Headquarters, Los Angeles, Culif. 
Meets: First Wednesday in Month 
President, A. J, Hess 

1978 S. Los Angeles St. 

Secretary, Leo Hungereord 
4851 S. Alameda St. 

Washington, D. C. 
Headciuarters, Washington, D. C. 
Meets: Second Wednesday in Month 
President, F. A. Lbskr 
008 MUls Bldg. 

Scirttary, F. M. Thunby 
3707 Georgia Ave. N.W, 


Western Michigan 
Headquarters, Grand Rapids, Mich, 
Meets: Second Monday in Month 
President, W. G, Jk^KLiCiiTiNci 

1417 W. Lovell St., Kiilamagoo 


Secretary, H. J. Mktsujer 

137 K. Water St„ ICulamaxiW) 


Western New York 
Headquarters, Buffalo, N.Y. 
Meets: Second Monday in Month 
President, W. R, HEATH 
no Wingate Ave, 

Secretary, Herman Seblbach, Jr. 

45 AUen St. 


Wisconsin 

Headquarters, Milwaukee, Wls. 
Meets: Third Monday in Month 
President, T. M. HtrOKEY 
906 N, Fourth St. 

Secretary, O. A. Trortkl 
R te. % ThicnsvlUe, Wls. 
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HOW TO APPLY FOR MEMBERSHIP 


The real accomplishments of life are 
usually measured by the service one has 
rendered to his fellows and the true cul- 
tural refinement of mind, the finest sense 
of personal and professional ethics, factors 
transcending all material elements in what 
man calls “success,” are developed through 
association with those of high ideals and 
cherished ambitions in the same field of 
activity. The Americak Society of 
Heating and Ventilating Engineers 
offers to him whose work is definitely 
within its province an opportunity for 
such association and an opportunity for 
real service to his profession. 

Every man in the heating, ventilating 
and air conditioning profession needs the 
Society — 

1 — Because of the contacts that it brings 
through national and local meetings. 

2 — Because of the information supplied by 
Society Publications, 

3 — Because of the opportunities that re- 
search reveals in new applications for 
engineering services and equipment, 

4 — Because of the satisfaction to be de- 
rived in contributing to human comfort 
and well being. 

A Candidate must make application on 
the printed form “Membership Appli- 
cation” which is available at the head- 
quarters office or from Chapter Officers 
and members. A statement of qualifi- 
cations and engineering experience is 
required and four members must act as 
sponsors except under certain conditions 
noted in Article B-III of the By-Laws. 

Initiation Fees for 1942 are: Members 
and Associate Members $10.00; Junior 
Members $6.00. The Initiation Fee must 
accompany application. 


For 1942 the annual dues of the Society 
are: Members and Associate Members 
$18.00; Junior Members $10.00; and Student 
Members $3.00. Dues of new members 
are pro-rated on a quarterly basis. 

Article C-II — Membership 

Section 1. Persons connected with the 
arts and sciences related to heating, venti- 
lating or air conditioning are eligible for 
admission into the Society. 

Section 4- A Member shall be thirty 
(30) years of age or over and shall be a 
person of experience in the science of heat 
transfer in its application to the art of 
heating, ventilating or air conditioning, 
and shall have been in active practice of 
his profession and in responsible charge of 
important work for five (5) years and shall 
be qualified to design as well as to direct 
such engineering work. 

Section 5, A Junior Member shall be a 
person over twenty (20) years and under 
thirty (30) years of age, who has been 
actively engaged in the work of heating, 
ventilating or air conditioning for three (3) 
years, or is a graduate of a school of engi- 
neering of recognized standing. 

Section 6, An Associate Member shall 
be twenty-five (26) years of age or over. 
He need not be an engineer, but must have 
been so connected with some branch of 
engineering or the art of heating, venti- 
lating, air conditioning or the industries 
relating thereto, that he may be considered 
as qualified to co-operate with heating and 
ventilating engineers in the advancement 
of professional knowledge* 

Seaion 7. A Student Member shall be 
a person between the ages of IS and 25 
years, who is r^:ularly attending courses 
in an engineering college or technical 
school at the time of applying for member- 
ship. 



Roll of Membership 

American Society of Heating and Ventilating Engineers 

1942 

(Corrected to January 5, 1942) 


HONORARY MEMBERS 

BALDWIN, WM. J, New York, N. Y. (Deceased May 7, 1924). 

BILLINGS, DR. J. S. (1896), New York, N. Y. (Deceased March 10, 1913.) 
BOLTON, REGINALD PELHAM (1897), New York, N. Y. 

BRECKENRIDGE, L. P. (1920), North Fernsburg, Vt. (Deceased August 22, 1940.) 
GORMLY, JOHN (Charter Member), Norristown, Pa. (Deceased January 31, 1929.) 
NEWTON, C. W, (Charter Member), Baltimore, Md. (Deceased August 6, 1920.) 
HOOD, O. P. (1929), Washington, D. C. (Deceased April 22, 1937.) 

JELLETT, STEWART A. (Charter Member), (Presidential Member), Philadelphia, Pa. 
(Deceased April 5, 193,5.) 


LIST OF MEMBERS Arranged Alphabetically 

(I'Aiittirisk indicates authorship of papers; •indicates address for mail) 

(M 1923; A 1918; J 1916) indlcatea. Election aa Member 1023; Asaodate 1018; Junior 1016, 
(Pres. 19231 IncUcateB, Klcc^ted Prcaident in 1023 and la now a Pritshlcntial Member. 


ABBOTT, Thomas J. (3/ 1038) Vicc-Pre«.. 

• Cknrge C. Abbott, Ltd., 110 Harbord Ht., and 
42 Ardmore Rd., Toronto, Ont., Canada. 

ABRAMS, Abraham (M 1027; J 1024} Pres., 
Abbey Heating Co., Inc., 81 Centre Ave., and 

• 100 Clove Rd.. Now Rochelle, N. Y. 
ABRAMSON, Ralph J. (A 1038) Kngr. In 

elmrge Kstlmutlng and Design, Hipskind Heating 
Pliimbing Co., 1723 Winter St.. Fort Wayne, 
Ind.. and •000 Shephard St., Morehead City, 
N. C\ 

ADAIR, James S. (A 1041; J 1040) Owner, 

• Southern Knuipment O., 203 Balter Bldg., 
and 320 Kuo ('Iwrtree* Vieux Oirre, New 
Orleans, l^a. 

ADAM, Ray W. (A 1938) Owner, aW. A. Adam 
Co., 8810 (Jrlnnell Ave., and 60 U Courville 
Ave., D^rolt, Mich. 

ADAMS, Bruce Peter (A 1030) Gen. Mgr. 

• McDonnell 4b MUler, 400 N. Michlwn Ave.. 
Chicago, and 22U Greenwood Ave., Wilmette, 
111 . 

ADAMS, Cheeter 2. (A/ 1939). Branch Mgr. 

• llg K4cctric Ventilating <*o„ 312 Piedmont 
BWr., Box 1360. and A4 Dolly Madison Apts., 
Greensboro, N. C» 

ADAMS,Eu^eB.(Al9d8)8filesEngr., vGarden 
City Fan Co,, 66 West 42nd Bt., Room 1608A, 
New York, and 36-40 70th St., jacl^A Ilrighu, 
L. L, N. Y. 

ADAMS, Ei^ne F, (Af 1041) ArcWtectural 
Engr., Kleiw-Condcm-Woods, Gen. C'ontmctors, 
Fort crook, and • 1227 South 62nd St,, Omaha, 
Nebr. 

ADAMS, Frank U (A/ 10,30) Htg.-AIr C’ond. 
Engr., •Public Service C'o. of (^dorado, 000 
I6th St., and 1186 C^mpc St., Denver, ('olo. 
ADAMS, HaroW E. tAf 1030) (Miief Kngr., •Tlws 
Nash Engineering Co., Wilson Rd., South Nor- 
walk, and Merrill Heiglits, Norwalk, t.onn. 


ADAMS, Neil D. (Af 1929; A 1025; J 1922) 
(Council 1938-40) Supt., •I^nklin Heating 
.Station, 220 Second Avc. S.W., and ^6 Eighth 
Ave. S.W., Rochester, Minn. 

ADDAMS, Homer {Chartet Member; Life Member) 
Residential Member) (Pres,, 1924; Ist Vice- 
Pres., 1923; Treas,, 1916-22; Council. 1916-26) 
Pres., Kewunee Boiler Co., Inc. and Kitagibbons 
Boiler Co., Inc., 101 I^rk Ave., New York, N. Y. 

ADDINGTON, Harold M. (Af 1939) Kngr. of 
.Steam and Power, Wiedeman & Singleton, 
Kngrs.. P.O. Box 262, Talladega, Ala. 

ADDINGTON, Herbert B. (M 1038) Consulting 
Kngr., • 13 Hast 87th St.. New York, and 25 
Lafayette Ave., Brooklyn, N. Y, 

ADEMA, George B. CM 1930) Pres., •N, M. 
Adema & Son, 30 w. Balcom St., and 2H0 
Warren Rd.. Buffalo, N. Y, 

ADLAM, T, Napier (M 1932) Vice-Pres,, Sarco 
Manufacturing Co., 476 Fifth Ave*, New York, 
N. Y.. and • 122 Forest HiU Rd.. West Orange, 

AEB]^k.Y. John J.* (M 1928) (Council, 1837-30) 
C'hief of Div. of Htg., Vtg. 6c Industrkl S^nU 
tatlon, Chicago Board of Health, 54 W. Hubbard 
.St., and •((226 N, Newcastle Avt%, Norwood 
l^irk P.O., Chicago, III. 

AHEARN, William J. (Af 1929) •701 Tremont 
vSt., Boston, and 131 Windermere Rd., Auburn- 
dale, Mast, 

AHRENS, Clarence F, (A 1040) Sales Engr., 
R. A, Dubooue Supply Co., 3060 Duncan Ave., 
and •4161 Toenges Ave.. St. Ivoult, Mo. 

AHRENS, Richard H. (A 1041) Sales Kngr., 
Green Colonial l^macc Co„ 1020 Fmhing, 
Davenport, Iowa. 

AHLPF, Albert A. (M 1028; A 1018) Sales Supt., 
Tuttle & Bailey, Inc., 1000 Arch St., Philadel- 
phla, and el621 Powder Mill Kd., Upper 
Darby, Pa. 

AINSWORTH, Samuel E. (A 1030) Sales ICngr.. 
Roche Newton 8c Co„ 1316 Texas Ave., and 
• 1624- 25th St., Lubbock, Tex. 
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AKERMAN, Joseph Reid (A 1941; J 1937) 
Process Engr., U. S. Rubber Co., Munitions Div., 
Des Moines, Iowa, and, • 831-15th St., Augusta, 
Ga. 

AKERS, Arthur W. (A 1940) Dir., • Technicians 
Institute, 244 West 14th St., New York, N. Y., 
and 264 Palisade Ave., Jersey City, N. J. 

AKERS, George W. (M 1929) Chief Engr., U.S.S. 
Markab, U.S.N., •U.S.S. Markab, c/o Post- 
master, New York, N. Y., and R.F.D. 4, Bir- 
mingham, Mich. 

ALBEN, Edward A. (A 1939) Owner-Operator, 
Htg. Contractor, •Alben Equipment Co., 114 
E. Tenth St., and R. 4, Box 282C, Vancouver, 
Wash. 

ALBRIGHT, C- Barton (A 1942: J 1938) Con- 
sulting Engr., •34 Cross St., Bloomfield, and 
9 C^diner Place, Montclair, N. J. 

ALEXANDER, Samuel W. (M 1935) Pres.-Mgr.. 
S. W. Alexander Co., Ltd., 182 Main St„ and 

• 124 Kingsmount Park Rd., Toronto, Ont., 
Canada. 

ALFAGEME, BrauUo (M 1935) Engr.-Mgr., 

• B. Alfageme, Almagro 1, Madrid, Spain. 

ALFERY, H. F. (M 1938) Chief Engr., • Milwau- 
kee Gas Specialty Co., 2025 W. Clyboum St., 
and 1819 W. Center St., Milwaukee, Wis. 

ALFSEN, Nikolai (M 1933) Engr., Alfsen og 
Gunderson, Prinsensgt. 2b, Oslo, and •Utsi- 
ktsveien 22, Stabekk, Norway. 

ALGREN, Axel B.* (M 1930) Asst. Prof, Mech. 
Engrg., Asst. Dir. Engrg. Experiment Station, 
University of Minnesota, and • 5109-17th Ave. 
S., Minneapolis, Minn. 

ALLAN, WlUiam (A 1938) Pres., •Allan Engi- 
neering Co., 724 E. Mason St., and 2736 N. 
Farwell Ave., Milwaukee, Wis. 

ALLCUT, Edgar Alfred* (M 1937) Prof, Mech. 
Engrg., • University of Toronto, and 48 Foxbar 
Rd., Toronto, Ont., Canada. 

ALLEN, A. Walter (M 1936) Sales Engr., • Pease 
Foundry Co., Ltd., 151 Glen Ave., Ottawa, Ont., 
Canada. 

ALLEN, DeWitt M, (M 1936; J 1922) Dist. Mgr., 
Ilg Electric Ventilating Co., 810 Board of Trade 
Bldg., Kansas City, Mo., and • 3924 Cambridge, 
l^nsas City, Kan. 

ALLEN, William W. (A 1936) Pres., American 
Coolair Corp., Box 2300, Jacksonville, Fla. 

ALLENSWORTH, James E. (S 1939) Student, 
Carnegie Institute of Technology, Box 290, 
Pittsburgh, Pa., and • Amsterdam, Ohio, 

ALLISON, Robert E. (A 1941) Owner, •Ameri- 
can Sheet Metal Co., 601 First Ave,, and 7069 
Fairdale, Dallas, Tex. 

ALLONIER, Howard R. (A 1936) Dist. Mgr., 

• J. J. Nesbitt, Inc., 243 N. High St., Coiumbus, 
and R.D. No. 1, Powell, Ohio. 

ALLSOP, Rowland P- (A 1940; J 193^ Con- 
sulting Engr., •1221 Bay St., and 168 Coursel- 
lette Ave., Toronto, Ont., Canada. 

ALT, Harold L.* (M 1913) Mech, Engr., Voorhees, 
Walker, Foley & Smith, 101 Park Ave., New 
York, N. Y., and •115-27 225th St.. St. Albans, 
L. I.. N. Y. 

ALTEMUELLER, George F. (A 1940) Chief 
Engr., • Homeland Investment Co., Ill Corco- 
ran St., and 2601 Highland Ave., Durham, N. C. 

AMBROSE, Alfred H- (S 194X) Student, • Car- 
negie Institute of Technology, Box 407, Pitts- 
burgh, Pa., and 15 River St., Woodstock, Vt. 

AMBROSE, Eugene R. CM 1940) Air Cond. 
Engr., • American Gas & Electric Service Corn., 
30 Church St., New York, N. Y., and 616 
Springfield Ave., Cranford, N. J. 

AMMERMAN, Andrew S., Jr. (A 1941; J 1937) 
Engr., Aerofin Corp., Ill W. Washington St., 
Room 544, Chicago, 111. 

AMMERMAN, Charles R. (M 1916) Consulting 
Engr., • 772-4 Century Bldg., and 3908 Guilford 
Ave., Indianapolis, Ind. 

ANDEREGG, R. H. (M 1920) Vice-Pres. and 
Chief Engr., The Trane Co., and #450 Losey 
Court, LaCrosse, Wis. 


ANDERSON, Carroll S. (M 1920) Mgr., • Amcri- 
can Blower Corp., 1105 Architects Bldg., Lot 
Angeles, Calif. 

ANDERSON, David B. (A 1930; J 1036; 5 1933: 
Mgr., • Sales Engrg. Dept., Wood Conversior 
Co., 1981 First National Bank Bldg., and 190C 
Pinehurst Ave , St. Paul, Minn. 

ANDERSON, Edwin J. (A 1939) Mfrs. Agent 

• 14 Smith, and 274 Lenox, Detroit, Mich. 
ANDERSON, Edwin L. (M 1941; J 1930) Indus- 

trial Engr., Wright Aeronautical Co., Paterson, 
and #212 Kingsland Terrace, South Orange, 
N. J. . 

ANDERSON, Einar (A 1940) Sales Engr., Vulcan 
Iron Works, Ltd., and *152 Bannerman Ave., 
Winnipeg, Man., Canada. 

ANDERSON, George A. M. (A 1939; J 1936) 
Pres., • King Ventilating Co., and 717 S. Cedar, 
Owatonna, Minn. 

ANDERSON, John W. (J 1937) Engrg, Dept., 
The Conditioning Co., 368 Broad St., Newark, 
and •548 Westminster Ave., Elizabeth, N. J. 
ANDREWS, William G. (.1 1941) vSales Engr., 
Detroit Lubricator Co., 40 West 40th St., New 
York. N. Y.. and •926 W. Fourth St., Winston- 
Salem. N. C. 

ANDREWS, W. M. CM 1941) Partner, •Lock- 
wood & Andrews, 904 Union National Bank 
Bldg., and 2254 Shakespeare, Houston, Tex. 
ANGERMEYER, Albert H. (A 1930) Owner, 

• A. H. Angenneyer Plumbing & Heating, 119 
N. Commercial St., and 245 Webster St.. Necnah, 
Wis. 

ANGUS, Frank M. (M 1937) Refrigeration Dept.. 
Hussmann-Ligonier Co., St. I^ouis, Mo., and 

• 2604 West 50th St. Terrace, Kansas City, 
Kan. 


ANGUS, Harry H.* CM 1918) (Council, 1927-29) 
Consulting Engr., 1221 Bay St., and ^34 Karn- 
ham Ave., Toronto, Ont,, Canada. 

ANOFF, Seymour M. (J 1940) Jr, Mech. Engr., 
Army Air Corn., Materiel Div., Wright Field, 
and •26 Arnold PI., Apt. 6B. Dayton, Ohio. 

ANSPACHER, Thomas H. (M 1939; J 1936) 
Dist. Mgr., •Buffalo Forge Co., Tower Petro- 
leum Bldg., and 4612 Arcady, Dallas, Tex, 

ANTHES,LawrencoL. (A 1936) Pres., • Imperial 
Iron Corp., Ltd., 30 Jefferson Ave., and U9 
Dowling Ave., Toronto, Ont., Canada. 

APT, Sanford R. (Af 1936) Chief Mech. Engr., 
Caribbean Architect-Engineer, 41 East 42nd St., 
New York, and • 36-39 -*206th St„ Bayside, 
L. I., N. Y. 

ARCHAMBAULT, Joseph A. (A 1039) Bmneii 
Sales Office Mgr., •C. A. Dunham Co., Ltd., 
22 Wellington St. N*. Room 17, and 65A Council 
St., Sherbrooke, Que., Canada. 

ARCHER, David M. (M 1034) vSnIes Repr., 


• Young Radiator Co., 143 Federal St., Boston, 
and 10 Harding Ave., Braintree, Maw. 

ARENBERG, MBton K. (A 1920) Pres., •Robert 
Barclay, Inc., 122 N. Peoria St., Chicago, and 
Wildwood Lane, Highland Park, lit, 

ARGUE, Edgar J, (A 1936) &Ies Engr., Anthes 
Foundry, Ltd., Saskatchewan Ave., and #773 
Ave., Winnipeg, Man., Canada. 
ARKLEY, Lome M. (M 1922) Head dThept,. 
Mech. Engrg., •Queens University, and 22 
Kensington Ave., iSngston, Ont., Canada, 
ABMBRCSTER, ifr«nk T. W. (u 108fl) Salt), 
Engr., American Radiator Standard SanlUrv 
Corp., 603 S. Front St.. Columbus, and • 106 
First Ave., Wayerly, Ohio. 

ARMJSTOAD, WORam C- (M 1037) Steles Engr., 

• 206 Church St., and Murfreesboro Rd., Nash- 
ville, Tenn. 

ARMOUR, G.JJ mOiS 1989) •Royjit 

Canadian Air Force, No. 1 Air Navigation School, 
Rivera, Man., and 66 Sheridan Brantford, 
Ontn Can^a. 

ARMSPACH, Otto W.* CM 1019) ConSttUlng 
Engr,, 221 N. USalle $t.. Chicago; and s! 
Summit Ave., Villa Park, III. 

ARMSTRONG, jOharlea E. (K 1939) Chief Engr., 

• Armstrong Heat ^ntrol Co., 1020 N.E. Umon 
Ave., and IW N.E. 11th Ave,, Portland, Ore. 
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ROLL OF MEMBERSHIP 


ARMSTRONG, Qyde C. U 1941) Mgr., •Com- 
mercial and Air Cond. Dept., Frigidaire Div., 
General Motors Sales Corp., S24t Mulberry St., 
and 803 Douglas Ave., Des Moines, Iowa. 

ARMSTRONG, Edward T, (J 1941; 6’ 1939) 
Research Engr., •Battelle Memorial Institute, 
and 1337 Meadow Rd., Columbus, Ohio. 

ARMSTRONG, Walter J. (M 1938) Consulting 
Engr., • 1010 St. Catherine St. W., Montreal, 
and 15 Willow Ave., Westmount, Que., Canada. 

ARNDT, Heinrich W. {A 1935) Mgr., Htg. and 
Air Cond,, Modern Roofing and Metal Works. 
C46 Reynolds St., and #2034 Wrightsboro Rd., 
Augusta, Ga. 

ARNOLD, Robert S. (A 1920; J 1922) Owner, 
Robt. Arnold Sales & Engineering Cb., 409 Otis 
Bldg,, Philadelphia, and • Haverford Mansions, 
Haverford, Pa, 

ARONSON, Henry H. (A 1939; J 1929) Field 
Engr., Premier humace Co., Dowagiac, Mich., 
and •OUS Winthrop Ave., Chicago, 111. 

ARROWSMITH, John O. (M 1934) Asst. Supt. 
of Works, •Canadian Kodak Co., Ltd., and 9 
Humbervicw Rd., Toronto 9, Ont., Canada. 

ARTHUR, John M., Jr. (M 1923) Commercial 
Sales Mgr., • Kansas City Power & Light Co., 
1330 Baltimore Ave.j^^Kansaa City, Mo., and 3811 
State Ave., Kansas City, Kan. 

ASH, Robert S. (J 1940) Htg. Engr., •James B. 
Clow & Sons, 201 N. Talman Ave., Chicago, and 
850 Washington Blvd., Oak Park, III. 

ASHLEY, Carlyle M,* (M 1931) Dir. of Develop- 
ment, • Carrier Corporation, S. Geddea St., and 
207 Brattle Rd„ Syracuse, N. Y, 

ASHLEY, Edward E. (M 1912) Member of Firm, 
• Edward E, Ashley, Consulting Engr., 10 East 
40th St., New York, N. Y., and Middlesex Rd., 
Noroton Heights, Conn, 

ATHERTON, Alfred E., Jr. (A 1937) Dir.. •A. 
E. Atherton & ^)na Pty., Ltd., 383 l.tttrob<‘ 
St., Melbourne, and 39 Esplanade, Klwood, 
Victoria, Australia. 

ATHERTON, George R. (M 1930) Exec. Dept., 
The Trane Co., and *323 South 17th St., 
UCrosae, Wis. 

ATKINS, George B. (M 1941) Consulting Engr., 
Hobart Bldg., San Frandsc^o, and • 54 Oak Ridge 
Rd.. Berkeley, Calif. 

AUER, George G. (A 1939) Pres., oThe Auer 
Keister Co., 3608 Payne Ave., Cleveland, and 
lOlH Homewood Drive, Lakewood, Ohio. 

AUSTIN, William H. (J 1940; S 1987) Tendemy 
Engr., westingUouse Electric Manufacturing 
Co., and #32 Fremont St., Bloomfield, N. J. 

AVERY, Ledwd (A 1989) e United Engineers, 
Ltd., P.O. Box 694, Singapore, Straits Settle- 
ments. 

AVERY, Lester T. <M 1934) Prei., Avery Engi- 
neering Co., 1906 Euclid Ave., Cleveland, and 
#21149 Colby Rd., Shaker Heights, Ohio. 

AXEMAN, James E. (M 2982; A 1932; J 1925) 
Cen. Sales Mgr,, • Spencer Heater Dlv„ Box 660, 
and N. Cami^U St, Williamsport, Pa. 

AY. Edward L. (J 1940) Asrt. Air Cond, Engr., 
Libmry oS Congress. Second & Pehnsylvania 
Ave. S, E., and esSoOS Shepherd St N* E., 
WasWttgUm, D, C. 


BABCOCK, PaiH R, (M 1941) Consulting Engr., 
0. M. Simonson, 625 Market St. San Francisco, 
and #328 24th St., Oakland, Calif. 

BABER, John E, (A U. S, Navy 

Recruiting Stati<m, Post Cilice Bldg., #1403 
Independence Bldg., and 1240 Romany jRd., 
Charlotte, N. C. 

BACHMAN, Fmd (M 1936) Contractor. aKred 
Bachman. 1608 N. C^Iisle St, Philadelphia, and 
906 Bell Ave.. Yeadon. Pa. 

BACHMANN. Alrthur J. (J 1940; S 1939) Pre* 
ler^ Utilitlea Manufacturing Co.. 5 Irma Ave., 
P<^WasUin|^^ and #59^ 69th Ave., Rldge- 


BAGHOFER. Henry A., Jr. (A 1942: J 1938) 
Mgr., Htg. and Air Cond. Dept., Mid-West 
Plumbing & Heating Co., Ill S. Fifth St., and 

• 534 S. Eighth St., Salina, Kan. 
BAGKSTROM, Russell E.* (A 1931; J 1928} 

Mgr., • Ind. Sales Dept,, Wood Conversion Co., 
First National Bank Bldg., and 1655 Hillcrest 
St., St. Paul, Minn. 

BACKUS, Theodore H. L. {M 1910) Schumacher 
& Backus, 200-208 Hill St., and #1018 Vaughn 
St., Ann Arbor, Mich. 

BADGETT, W. Howard* (A/ 1937; J 1032) Re- 
search Assoc., # Texas Engineering Experiment 
Station, Agricultural & Mechanical College of 
Texas, Box 61, Faculty Exchange, and 204 
Pershing Ave., College Station, Tex. 

BADHE, Jaikrlshna M. (A 1940) Asst. Engr., 
#Volkart Bros., Ballard Estate, Bombay, and 
Flat No. 11, ‘Talm View,'" Gokhale Rd., Dadar, 
Bombay, India. 

BAGGALEY, Walter (M 1938) Acting Chief 
Mech. Engr., oThe Austin Co,, 16112 Euclid 
Ave., Cleveland, and 3390 Glencairn Rd., Sliaker 
Heights. Ohio. 

BAHLMANN, W. P. (A 1940) Branch Mgr, and 
Research Engr., # Holland Furnace Co., 700 W. 
Broad St., and 7623 Sweetbriar Rd., Richmond, 
Va. 

BAHNSON, Frederic F.* (M 1917) Consulting 
Engr., The Bahnson Co.. Pres., Southern Steel 
Stampings, Inc., and #28 Cascade Ave., Win- 
ston-Salem, N. C. 

BAILEY, Albert E., Jr, (A 1938) Sales Engr.. 
Frigidaire Div,, General Motors Corp., 29 Frank- 
lin Rd., and #1624 Patterson Ave., S. W„ 
Roanoke, Va. 

BAILEY, Charles F. (J 1939) Virginia Engineer- 
ing Co., N.O.B., Norfolk, and # Windsor, Va. 
BAILEY, Edward P. (M 1926) Sales Engr., 
Detroit Stoker Co., 5"125 General Motors Bldg., 
Detroit, and #151 Crocker Blvd., Mt, Clemens, 
Mich. 

BAILEY, Frederick A., Jr. (A 1939) Prop., 

• Bailey’s, 130 King St., and 70 Warren St., 
Charleston, S. C. 

BAILEY. James Luther (A 1940: J 1930) Asst. 

Chief Engr., Parks^Cramer Co., Charlotte, N. C. 
BAILEY, W. Mumford (M 1936) Managing Dir., 
British Trane Co.. Ltd., Vectalr House, Clerk- 
enwelt Close, London, E.C. 1, England. 

BAIRD, Floyd E. CM 1929) Atlanta Diet. Mgr., 

• The Trane Co., 314 Palmer Bldg., Atlanta, and 
400 Campbell Hill, Marietta, On. 

BAKER, C. T.* (Af 1035) Consulting Engr., 

• 1070 Spring St. N, W., and 31 The Prado, 
Atlanta, Oa. 

BAKER, Donald L. (A 1940) Engr., 1981 Chapel 
St., New Haven, Conn. 

BAKER, Harolds. (A 1937) Sales Engr., • Bakers- 
field Hardware Co., 2015 Chester Ave., and ^15 
Chester Ave., Bakersfield. Calif. 

BAKER, Harry L., Jr. (/ 1935) Sales, # American 
Blower Corp., 135 Spring St., and 3460 
Ave., Rochester, N. v. 

BAKER, Irving C. (Jtdf 1921) Vice-Prea. in Charge 
of Sales, •Chrysler Corp., Airtemp Div,, 1119 
Leo St., and Box 242, Route 7, Dayton, Ohio. 
BAKER, Roland H. (M 1928] A 1924) Lt. 
Comdr., # U. S. Naval Reserve, u. S. S, American 
l.egton, c/o Postmaster, New York, N. Y., and 
Elkins, N. H. 

BAKER, Thomas (M 1938) Chief Engr., Suburban 
Air Conditioning Corp., 10 Hrookdale Place, Mt. 

, Vernon, and #660 East 242nd St„ New York, 
N. Y. 

BAKER, William C. (M 1988} Pres, and Treas., 

• Electric Appliances, Inc., 155 Seventh Ave, N., 
and Westover Drive, Nashville, Tenn. 

BAKER, WiUlam H,, Jr. (A 1935} Con, Sates 
Dept., •American Radiator 8c Standard San^* 
tary Corp., P.O. Box 1226, and 221 Buchanan 
PI., Pittsburgh, Pa. 

BALDI, Giuseppa (A 1936) Engr., Compagnla 
Itatiana WesUnghouse, Via Pier Carlo Boggio 
Torino, Italy. 
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BALDWIN, Karl 9., Jr. (A 1941; J 1938) 
Engr., Combustioneer Corp., Tenth & D Sts., 
S.W., Washington, D. C., and • 5206 Tilden Rd., 
Hyattsville, Md. 

BALDWIN, WiUiam H. 1921) Sales Engr., 

• C. A. Dunham Co., 5757 Cass Ave , and 2432 
Atkinson Ave., Detroit, Mich. 

BALL, Fred T. (A 19402 Mgr., Stoker-Refrige- 
ration Appliance Dept., The Canadian Fairbanks 
Morse Co., Ltd., 324 Main St., and *374 Brock 
St., Winnipeg, Man., Canada. 

BALL, William (A 1936) Pres., • Interstate 
Heating & Plumbing Co., 521' Southwest Blvd., 
Kansas City, Mo., and 1026 Shawnee Rd., 
Kansas City, Kan. 

BALLANTYNE, George L. (A 1936) Mgr., Htg. 
Dept., • Crane Ltd., 1170 Beaver Hall Square, 
and 140 Ballantyne Ave. S., Montreal, W., Que. 
Canada. 

BALLMAN, William H. (M 1937) Mgr. and Chief 
Engr., Air Cond. Div., John A. Connelly, 
Weetinghouse Distributor, 1419 N. Broad St., 
Philadelphia, Pa. 

BALSAM, Charles P. (M 1932) Gen. Mgr., 
National Home Equipment Co., 50 Church St., 
New York, and *324 Fourth St., Brooklyn, 
N. Y. 

BANACH, Casimer J. (J 1939) Chief Draftsman, 
Johnson Fan & Blower Corp., 1319 W. Lake St., 
and • 2346 W. Thomas St., Chicago, 111, 
BANNER, F. L. Dan (M 1937) Diat. Mgr., 

• Minneapolis-Honeywell Regulator Co., 3101 
Gilham Plaza, and 615 East 73rd Terrace, 
Kansas City, Mo. 

BANOWSKY, Aubra B. (M 1938) Commercial 
and Industrial Sales Mgr., United Gas Corp., 
P.O. Box 2628, and • 3735 Ingold, Houston, Tex. 
BANTA, Guy L. (A 1939) Chasselton Apts., 
Northeast 28th St., Portland, Ore. 

BARBIERI, Patrick J. (J 1936; S 1933) Air Cond. 
Engr., Armo Cooling & Ventilating Co., 30 West 
15th St., and *2237 Belmont Ave., New York, 
N. Y. 

BARNARD, M. Everett (A 1931; J 1929) Sales 
Engr., • Carrier Corp., 12 South 12th St., and 
380 Vernon Rd., Philadelphia, Pa. 

BARNES, Arthur F. (M 1920) Owner, Sales Repr. 
& Mech. Engr., • Texas Engineering Co., M2 
Kirby Bldg., and 3015 Jarrard St., Houston, Tex. 
BARNES, Arthur R. (M 1924) Engr., eU. S. 
Supply Co,. 1315 West 12th St., and 326 ^st 
70th Terrace, Kansas City, Mo. 

BARNES, Hugh S. (7 1940) latLt.. •99thC.A. 
(AA), Camp Davis, and 2152 Sherwood Ave., 
Charlotte, N. C. 

BARNES, Lewis L. (A 1942; J 1937) Air Cond. 
Engr., Carrier Atlanta Corp., 348 Peachtree St., 
and #3995 N. Stratford Rd., Atlanta, Ga. 
BARNES, N. W, (A 1940) Sales Repr., eThe 
Fulton Sylphon Co., 668 Wrigley Bldg., and 505 
N. Michigan Blvd., Chicago, 111. 
lARNES, Ramond W. (M 1939) Htg., Vtg. and 
Air Cond. Contractor, 1208 N. Main Ave., San 
Antonio, Tex, 

lARNES, Walter E. (M 1933) Pres., Barnes & 
Jones, Inc., 128 Brookside Ave., Jamaica Plain 
(Boston), and *7 Woodlawn Ave., Wellesley 
Hills, Mass. 

tARNEY, WUllam E. (M 1936) Mgr. and Con- 
sulting Engr., • Hydraulic-Press Brick Co., 
Ohio and Michigan Div., South Park, and 4929 
East 108th St., Cleveland, Ohio. 
tARNEY, WUllam J. (7 1941) Hoffman Specialty. 
Co., 1001 York St., and *2049 N. Meridian 
St., Indianapolis, Ind. 

lARNUM, WUlis E., Jr. (Af 1933; 7 1930) Sales 
Engr., York Ice Machinery Corp,, 6051 Santa 
Fe Ave., Los Angeles, Calif. 

>ARR» George W. (Life Member; M 1905) (Board 
of Governors, 1910), Dist. Mgr., • Aeronn Corp., 
2030 Land Title Bldg., Philadelphia, and Woods 
End, Villa Nova, Pa. 

ARRETT, CampbeU M. (A 1941) Canadian 
Active Service, Newton, Ont., Canada. 


BARRY, Patrick I. (M 1920) Managing Dir., 

• M. Barry, Ltd., 4 Marlboro St., and 8 Sidney 
Park, Cork, Ireland. 

BARTELS, Everett M. (A 1941; 7 1939) Supvr. of 
Mech. Equip., • Independent School Dist., 629 
Third St., and 824 E. Sheridan Ave., Des Moines, 
Iowa. 

BARTH, Herbert E. (M 1920) Vice-Pres., 

• American Blower Corp., 6000 Russell St., and 
418 Warden, 15 E. Kirby, Detroit, Mich. 

BARTH, John W. (7 1939) 340 Olive Ave., Long 
Beach, Calif. 

BARTLETT, Amos C. (M 1919) Mgr. Htg. and 
Vtg. Dept., • B. F. Sturtevant Co., Hyde Park, 
Boston, and 22 Weston Ave., Braintree, Mass. 
BARTLETT, C. Edwin (M 1922) Pres., • Bartlett 
& Co., Inc., 3112 North 17th St., and 3U1 W. 
Coulter St., Philadelphia, Pa. 

BARTLEY, Henry E. (Af 1938) Dir. and Works 
Mgr., Matthews & Yates, Ltd., Cyclone Works, 
Swinton, and •“The Grange," Hospital Rd„ 
Pendlebury, Lancs., England. 

BARTON, Edmund H. (A 1939) Htg. Dept- Mgr., 

• Moosomin Hardware, and Box 308, Moosomin. 
Sftslc 

BARTON, Jay (M 1937) Pres., National Manu- 
facturing & Engineering Co., 1441 Brooklyn. 
Detroit, Mich. 

BASSETT, James W. (A 1938) Sales Engr., 

• McQuay, Inc., 2832 E. Grand Blvd., Detroit, 
123 Merrill St., Birmingham, Mich. 

BASTEDO, Albert E. (M 1919) Vice-Pres. and 
Treas., • Burnham Boiler Corp., Irvington, and 
55 Burnside Drive, Hastings-on-Hudson, N. Y, 
BASTEDO, George R. (A U)42; 7 1937) Htg.-Vtg. 
Engr., George A. Fuller Co. and Merritt-Cliap- 
man & Scott Corp,, Quonset Point. R. I., and 

• ]02-3C-86th Rd., Richmond Hill, L. I., N. Y. 
BATES, John H. (7 1941; S 1939) Sears, Roebuck 

& Co., 925 S. Homan St., and *3210 Arthington 
St., Chicago, 111. 

BATTAN, Stuart W. (AJ 1940) Owner. • Battan’s, 
Avondale and Coatesville, and Kennett S<iuare, 
Pa. 


BAUER, Albert E. (Ai 1936) Cidef Engr., SUiin- 
less & Steel Products Cd., 1000 Berry Ave., and 

• 69 S. Victoria St., St. Paul, Minn. 

BAUM, Albert L. (AJ 1916) Member of Firm. 

• Jaros, Baum & Bollcs, 415 Lexington Ave., and 
600 West lllth St., New York, N. Y. 

BAUMGARDNER, C. M. (M 1928) Branch Mgr., 

• U. S. Radiator Corp., 3264 N. KUboum Ave. 
Chicago, and 416 Cumnor Rd., Kenilworth, 111, 

BAXTER, Julian F„ Jr. (A 1941) VictsPrea, and 
Sales Mgr., •Automatic Coal Burning Corp,, 
499 Peachtree St., and 197 Brighton Rd, N, E., 
Atlanta. Ga. 

BAXTER, WUliam E. (A 1939) Pres., eW. K. 
Baxter, Ltd., 87 Vitre St. W., Montreal, and 89 
61st Ave., Lachine, Que., Canada. 

BAY, Charles H. ?A 1938) In Charge of Steam 
Sales, • Detroit Edison Co., 2000 Second Ave., 
Detroit, Mich. 

BAYLES, Robert Wm. (A 1940) Mgr. Htg. Div.. 
James Morrison Brass Manufacturing C'o.. Ltd., 
276 King St. W„ and *34 Gormley Ave., 
Toronto, Ont., Canada. 

BAYSE, Harry V. (life Member; M 1923) Chair- 
man of Board, • American Furnace Co., 2710-^1 
Delmar Blvd., and 6059 Hancock Ave., St. Ix>uis, 
Mo. 

B£A(% Waiter R. (A 1986) Sales Engr,, eCleve- 
knd Electne Illuminating Co., 76 Public Square. 
Oeveland. and 1186 Yellowstone Rd., Cleveland 
Heigiits, Ohio. 

BEAIRD, Benjanoin J. (M 1939) Engr., eChas. 

'2 RotbwelL and 1621 


G. Heyne 3c Co., 


Kipling, Houston, Tex. 

BEALS, Dowell E. (M 1941; A 1941; 7 1940) Chlet 
Field Engr., Plbg,-Htg.-Alr Cond., eC, Wallace 
Plumbing Co., Ft, Worth Alrcmtt Assembly 
Plant, and 3790 W. Sixth St.. Fort Worth, Tex. 

BEAN, Georte S. (A 1936) Stoker Dtv„ 
• North Western Fuel Co., »196 Unlveraity 
Ave,, St. Paul, and 4949-16th Ave., S. Minnea- 
polls, Minn, 



ROLL OF MEMBERSHIP 


BEARMAN, Alexander A. (M 1937) Engr., 

• 20th Century-Fox Film Corp„ 444 West 50th 
St-, New York, and 47 Edward St., Baldwin, 
L. I., N. Y. 

BEATTIE, James (A 1940) Htg. Contractor, 
James Beattie, 17215 CJreenlawn Ave., Detroit, 
Mich. 

BEATTY, John W. (5 1941) Student, •Carnegie 
Institute of Technology, Box 275, 4903 Forbes 
St., Pittsburgh, Pa. 

BEAULIEU, Adrian A. (M 1937) Sales Engr., 
C. A. Dunham Co., 15 Hathaway St., Boston, 
and •535 N. Elm St. W., Bridgewater, Mass. 
BEAURRIENNE, Auguste* (M 1912) Consulting 
Engr., •IS Rue du Petit Val, Sucy en Brie, S et 
O, France. 

BEAVERS, G. R. (iW 1929) Chief Engr., Canadian 
Blower Sr Forge Co., Ltd., and •230 Cameron 
St. N., Kitchener, Ont., Canada. 

BECHTOL, J. J. (A 1942; J 1937) Engr., L. E. 
Stevens Co.. 620 Broadway, and •4706 Rapid 
Run Rd., Cincinnati, < )hio. 

BECKER, 0, S. (A/ 1939) Branch Mgr., •Ameri- 
can Blower Corp., 1011 Majestic Bldg., Milwau- 
kee, and 2632 North 62nd St., Wauwatosa, Wis. 
BECKER, Roger K. (M 1938) Dept. Mgr., Ohio 
Valley Hardware & Roofing Co., and • 1017 E. 
Powell Ave., F-vansville, Ind. 

BECKER, Walter A. (M 1936) Sales Engr., 

• Grinnell Co., Inc., 4425 S. Western Ave., and 
5728 N, Rockwell St., Chicago, 111. 

BECKWITH, F, J. (M 1940) Htg. Engr., Crane 
Co., 1007 W. Bay St., and • R.F.D. 1. Box 160. 


Jackflf)nville, Fla. 

BEEBE, Frederick E. W. (A 1916) Sales Engr., 

• Johnson Service Co., 28 East 2dth St., New 
York. N. Y. 

BEERY. Clinton E.* (M 1913) Pres., •Heat & 
Fuel Engineering C'o., Inc., 1464 Hood Ave., 
C'Uictigo, 111. 

BE<;GS, William E. (M 1927) Owner, W, E. 
Beggs Co., 410 Bell St., and •^SSO W. Viewmont 
Way, Seattle, Wasli. 

BEICHEL. H. A. (A 1927) Owner, •Allegheny 
Engineering Co., 603 Columbia Bldg., Pittsburgh, 
and 207 Puritan Rd., Roaslyn Farms, Came^te, 

BEITZELL* Albert B. (A 1933; J 1930) Vice- 
Pres., Combustloneer Corp., 409 Tenth St. S.W., 
Waahin^on, D.C., and •6/01 N. Central Ave., 
('hevy Chase, Md. 

BELPORt), LouU duB. (A 1940) Dist. Supvr., 

• MinneapoUs-Honeywell Regulator Co,, Wayne 
and Roberts Ave., and 6722 Greene St., Phila- 
detphia. Pa. 

BELING, Earl (M 1930: A 1980: / 1926) 
Owner, Bellng Engineering Co., 405 State Trust 
Bldg,, Moline, and 01 1 Lehmann Bldg., Peoria, 
and •2428- 13th St., Moline, 111. 

BELL, E. Floyd (M 1933) Branch Mgr,, • Buffalo 
Forge Co., 3102 Foslmy Tower, Minneapolis, and 
6224 Oak Lawn Ave., fCdina, Minneapolis. Minn. 


Australia. 


White Plains, N. Y, 

BBMAN, Myron C, (M X92a) (Council 1934-39) 
Partner, « Beman 8: Candee, 374 Delaware Ave., 
Buffalo, and 362 E. Quaker St„ Orchard Park, 
K. Y. 

BBNHAMt Colin S. K. (A 1940; J 1937) Dir.. 
♦ BenhamikSons, Ltd.,60WigmoreSt„ London, 
W.L, and 6 Constable Close, London, N.W. U, 
Eni^nd. 

BBNHAM, Ford C., Jr. (A 1942; J 1938) Sales 
EnfR*., eC. H« Rueb^k COm P.O. Box 141, and 
3231 Maple St., Waco, Tex. 

BENNETTt Charles A, {Ai 1936) Asst. Mech. 
inspector. Dept, of Justice, Bureau of Prisons, 
Dept, of Justice Bldg,, Room 4245, and * 1762 
Umont fH. N, W,, Washington, D. (\ 


BENNETT, Edwin A. (M 1930; J 1929) Sales 
Engr., • American Blower Corp., 50 West 40th 
St., New York, and 128 Randolph Rd., WWte 
Plains, N. Y. 

BENOIST, LeRoy L. (M 1934) Pres., • Benoist 
Bros. Supply Co., 117 S. Tenth St., and 1500 
Main St., Mt. Vernon, 111. 

BENOIST, Raymond E. (a 1936) Mgr. and Engr., 
Benoist Bros. Supply Co., 117 S. Tenth St., 
and #811 North 12th St., Mt. Vernon, 111. 
BENSEN, Clarence L. (M 1939; J 1936) Chief 
Engr., McQuay, Inc., 1600 Broadway N, E„ and 

• 3042 Benjamin St. N. E., Minneapolis, Minn. 
BENSINGER, Mark (J 1930) Mech. Engr.. 

Constr. Div. of Office of Q.M.G., War Dept., and 

• 3718 Jocelyn St. N. W., Washington, D, C. 
BENSON, Merrill L. (M 1938) Engr., •American 

Blower Corp., 006 Marion Rd., and 2087 Lower 
Chelaoa Rd., Columbus, Ohio. 

BENTLEY, Clyde E. (M 1937) Consulting Engr., 

• 210 Pine St., San Francisco, and 1876 &,n 
Antonio Ave., Berkeley, Calif. 

BERGAN, John R. (A 1941: J 1937) Mgr,, • Air 
Cond. Controls Div., Minneapplis-Honeywcll 
Regulator Co., 707 Beacon St., Boston, and 64 
Lrexington Ave., Needham Heights, Mass. 
BERGER, J. L. (M 1939) Vice-Pres., • The W. R. 
Rhoton Co., 5915 Bonna Ave., and 2652 Edgerton 
Rd., Cleveland, Ohio. 

BERMAN, Louis K. (M 1908) Pres., •Raisler 
Corp., 129 Amsterdam Ave., and 286 Central 
Park West, New York, N. Y. 

BBRMEL, Alfred H. (A 1933; J 1928) Chief 
Engr. and Estimator, • August Arace & Sons, 
Inc., 642 Third Ave., Elizabeth, and Salem Rd. 
and Cambridge Drive, Union, N. J. 

BERNARD, IMflar L. (J 1941 ; 5 1940) Heat Engr., 

• Reynolds Metals Co., 810 E. Franklin St, and 
3132 Park Ave., Richmond, Va. 

BERNERT, Lawrence A. (A 1937) Local Repr., 

• Warren Webster & Co., 316 Liberty Trust 
Bldg., and 515 Kensington Ave., Raleigh Court, 
Roanoke, Va. 

BERNHARD, George (M 1936: A 1929) Prop., 

• National Improvement Co., Box 642, and 1316 
High Marquette, Mich. 

BERRIDGE, Winston W. (M 1938) Asst. Mgr., 

• Industrial Dept., McCoU-Prontenac Oil Co., 
Ltd^ Dominion Square Bl<^., Montreal, and 28 
Dufferin Rd., Hampstead. Que., Canada. 

BERRINCER, Sidney H. (J3 1026) Asst Inspec- 
tor of Engrg. Materials, U. S. Navy, 243 Wash- 
ington, and • Hotel Worth, 200 Main St., 
Buffalo, N. Y. 

BERRY, Robert U. (M 1939) Mgr., Field Engrg. 
Div., • Air Cond. and Commercial Refrig. Dept., 
General Electric Co., 5 l^wrence St., Bloomfield, 
and 17 Astor Place, Glen !l^dge, N. J. 
BERRYMAN, Richard H. {J 1940) Air Cond. 
Engr., Unit Heater Div., McCord Radiator & 
Manufacturing Co„ 2687 E. Grand Blvd„ and 

• 264 Worewter Place, Detroit, Mich. 
BERTOLETTE, Chester, Jr. (M 1940) Htg. «e 

^r^ond. Bngr.,, 69 Worrall Ave., Poughkeepsie, 

BERTRAND, George F, (A 1939) Sales Engr., 
^efflen-Gross Co., 1000 Drexd Bldg., Phitodet 
phla, and *335 Richfield Rd., Upper Darby, Pa. 
BERZELIUS, Carl E. (M 1936) Capt., Battalion 
Commander, U. S, Army, 64tn Coast Artillery, 
Camp Davis, N. C,. and •2343 Tenth St.. 
Rockford, 111. 

BBTLRM, Henrtette T. (A 1942: / 1934) Atr 
Cond. Kngr., •Betlem Heating Co„ 1926 Blast 
Ave., and 1293 Park Ave., Rochester, N. Y, 


BETZ. Harry D. (M 1028) Pres., BeU Atr Condi- 
tioning Corp., 1820 Wyandotte St., and • 1610 
Valentine Rd., Kansas City, Mo. 

BEVINGTON, Curtis H. (M 1936) Owner, •t\ 
H. Bevlngton Co., 600 S. Michigan Ave., 
Chicago, and 310 S, Stone Ave,, lAOrange, III, 
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BIBER, Herbert A. (A 1937) En«r., Mellon 
National Bank, 614 Smithfield St., Pittsburgh, 
and •323 Barnes St., Willdnsburg, Pa. 

BIBLE, HolUs U. (M 1940) •Taylor & Bible, 
Consulting Engrs., 908-10 Bankers Mortgage 
Bldg., and 1609 Marshall, Houston, Tex. 
BICHOWSKY, F.' RusseU* (M 1935) Consultant. 

• U. S. Rubber Co., and 61 Passaic Ave., Passaic, 
N. J. 

BIERINGER, Fred A. (A 1941; J 1939) Engr.. 

• DeKom Shipbuilding Co., Mill Basin, and 
1613 East 23rd St., Brooklyn, N. Y. 

BIGELOW, Edward S. (M 1938) Management 
Engrg., Day & Zimmerman, Inc., Engrs., 
Packard Bldg., Philadelphia, and •413 Jericho 
Rd., Abington, Pa. 

BIGGERS, Richmond H. (A 1939) Mfrs. Agent. 

• 2217 E. Jefferson Ave., and 2237 E. Jefferson 
Ave., Detroit, Mich. 

BIGOLET, Louis (M 1939) Louis Bigolet, 40 New 
Chambers St., New York, and •lliS Ocean 
Parkway, Brooklyn, N. Y. 

BILLINGSLEY, Oliver F., II (J 1937) Research 
Engr., •Vitasphere Research Inst., P. 0. Box 
1003, Hollywood, and 218^9th St., Manhattan 
Beach, Calif. 

BINDER, Charles G. (M 1920) Mgr., Htg. Dept., 
Warren Webster & Co., 17th and Federal St., 
Camden, and •115 Oak Terrace, Merchantville, 
N. J. 

BIRD, Charles (A 1934) Treas. and Gen. Mgr., 

• The Doermann Roehrer Co-, 460 E. Pearl St., 
Cincinnati, Ohio. 

BIRD, George L. H. (A 1941; J 1937) 12 Lawn 
Rd., London, N.W. 3, England. 

BIRKETT, Harold S. (M 1940) Engr., Com- 
mercial Gas Utilization, The Brooklyn Union 
Gas Co., 176 Remsen St., Brooklyn, and ^87 
Deepwood Rd., Roslyn Heights. L. L, N. Y. 
BISHOP, Charles R. (Lt/e Member; M 1901) 
(Council 1916) 22 Sagamore Rd., Bronxville, 

BISHOP, Frederick R. (M 1921) Mgr. of Sales, 
The Brundage Co., Kalamazoo, and eSOll 
Dexter Blvd,, Detroit, Mich. 

BISHOP, Jacob Ariel (M 1939) Dist. Mgr., 

• American Blower Corp., 619 Texas Bank 
Bldg., and 1115 N. Windomere St., Dallas, Tex. 

BISHOP, Joseph W. (M 1939) Mgr., Air Cond. 
Div., Toronto Dist., Canadian General Electric 
Co., Ltd., 214 Eig St. W., Toronto, and ^62 
Highland Crescent, R.R. No. 2, York Mills, 
Ont., Canada. 

BISHOP, M. W. (A 1939; J 1985) Sales Engr., 

• American Blower Corp., 228 N. La^Ie St., 
and 2641 Estes Ave., Cbi^go, 111. 

BISPALA, John T. (A 1940) Partner, • Bispala 
Bros., 2828 First Ave., Hibbing, Minn. 
BJERKEN, Maurice H. (M 1988; A 1927) Repr., 

• Hoffman Specialty Co., 633 S. Seventh St., 
and 4952-'17th Ave. S., Minneapolis, Minn. 

BLACK, Edgar N„ III (M 1922) Philadelphia 
Mgr., eFitzgibbons Boil^ Co., Inc., 1717 San- 
som St., Philadelphia, and 111 Woodride Rd.. 
Haverford, Pa, 

BLACK, F. C. (Life Member; M 1919) th-es.-Treas., 

• F. C, Black Co., 622 w. Randolph St., and 
4636 N. Ashland Ave.,, Chicago, HI. 

BLACK, Harry G. (M 1917) Prop., eP. Gormly 
Co., 165 N, Tenth St., and 927 North 66th St., 
Philadelphia, Pa. 

BLACK, James M. (J 1940; 5 1989) Sales Engr., 
Avery Engineering Co., 1029 Chamber of Com- 
merce, and sL. B. Harrison Club, Cincinnati, 
Ohio. 

BLACKBURN, E. C,, Jr, (M 1929) Consulting 
Engr., 6 Kenwood Rd., Garden City, L. I., N. Y. 
BLACKHALL, W. R. (M 1922) Partner, • McKel- 
lar & Blackball, 1104 Bay SL, and 332 Waverly 
Rd., Toronto, Ont., Canada, 

BLACKMAN, Alfred b. 

Dept., • Robert & Co„ 

Bermuda Islands, and 3 
fordr Conn. 


(M 1911) Mgr., Mech. 
U. S. mval Air Base, 
2 Clinton Ave., Stam- 


BLACKMORE, F. H. (M 1923) Mgr., Mfg. Dept., 

• U. S. Radiator Corp., 1056 First National Bank 
Bldg., Detroit, and 516 Tooting Lane, Birming- 
ham, Mich. 

BLACKMORE, George C. (Charter Member; Life 
Member) Pres., •Automatic Gas Equipment 
Co., 301 Brushton Ave., and Cathedral Mansions, 
Pittsburgh, Pa. 

BLACKMORE, Joseph J. (A 1939; J 1937) Mfrs. 
Agent, edOSO Chouteau Ave., St. Louis, Mo., 
and 312 S. Fillmore, Edwardsville, 111. 
BLACKSHAW, J. L.* (M 1937; / 1929) Engr., 
Air & Refrigeration Corp., 475 Fifth Ave., New 
York, N. Y., and ^247 W. Mercer Ave., College 
Park, Ga. 

BLAIR, Donald W. (A 1940) Engr., •Thomas 
G. Gallagher, 80 Boylston St., Boston, and 1 
Chauncy St., Cambridge, Mass. 

BLAIR, Ernest L. (M 1941) Industrial Engr., 
Stone & Webster Engineering Corp., 49 Federal 
St., Boston, and • 108 Willow Ave., Wollaston, 
Mass. 

BLAKELEY, Hugh J. (M 1936) Consulting Engr., 

• Hubbard, Rickerd & Blakeley, 110 State St,, 
Boston, and 146 Greaton Rd„ West Roxbury, 
Mass. 

BLAKER, Alfred H. (A 1939) Secy.-TreaB., 

• National Korectaire Co., 1619 Cortland St„ 
and 6018 N. Francisco Ave., Chicago, 111. 

BLANDING, Robert L. (M 1938) Vice-PreB., 

• Taco Heaters, Inc., 123 South St., and ISR,") 
Smith St., Providence, R. I. 

BLANKIN, MerriU F. (M 1927; A 1926; J 1919) 
(Treas., 1939-41: Council, 1939-41) Prcu., 

• Haynes Selling Co., Inc., S.R. Cor. Ridge Ave, 
and Spring Garden St,, and 628 E, Gates St., 

' Roxboro, Philadelphia, Pa. 

BLAS, Romualdo J. (M 1936) Mgr.-Chief Engr., 

• Bias & Co., Apartado Postal 1006, CararaB, 
Venezuela, South America. 

BLAYNEY, W. Ronald (A 1039) Secy,-Tr(aR., 
W. B. Graves Heating Co., 162 N. Desplalnes 
St., and ^4327 Monticcllo Ave., Chicago, 111. 
BLAZER, Benjamin V. (A 1040) Owner, eM. 
Blazer & Son, 173 Market St,. Passaic, and 48 
13th Ave., Paterson, N. J. 

BLOOM, Louis (M 1936) Partner, •Freeport 
Plumbing and Hearing Bngineeri, 84-A Broad- 
way, Freeport, L. L, N. Y. 

BLUM, Herman, Jr, (J 1936) Mech. Engr., t\ 
Wallace Plumbing Co., Box 12i^, and *3903 
Bran Mawr, Dallas, Tex. 

BLUM, Richani J., Jr, (A 1940) Sales Kngr., 

• The Kirk & Blum Manufacturing Co,, 2860 
Spring Grove Ave., 3909 Vine St., Cincinnati, 
Ohio. 

BLUMENTHAL, M. I. (M 1036) Engr. and 
Instructor, • National Schools, 4000 S. Flguerim 
St., and 651 West 40th Place, Los Angeles, Calif. 
BOALES, WUllam G. (M 1936; A 1923) Owner, 

• Wm. G. Boales & Assodates, 6429 Hamilton 
Ave., Detroit, and 116884 St. Paul Ave., Groene 
Pointe Parma, Mich* 

BODEN, Walter P. (A 1937) Branch Mgr., 

• Modine Manufacturing Co., 424 H. Wells St., 
Iwaukee Ave., South 


• Modine Manufacturing Co., 424 H. Wells St., 
Milwaukee, and 606 Milwaukee Ave,, South 
Milwaukee, Wls. 

BODINGBIL Jacob H. (M 1931) Pres., aj. H. 
Bodinger Co*, Inc., 630 Tenth Ave., New York, 
and VaUey Cottage, N. Y. 

BODMER, Emmanuel (M 1937) Head of Tech. 

Dept., Etablissements 0ieny& Uicas, 223. Boule- 
^ vard Perdire. and e20 Rue I^n, Pkrii, France. 
BOBOTBR, Cart P.*** (M 1939; A 1986) Dir., 


BOGAf Y, Hermatm $. 
^ena St., pSSd^hS, 


1921) 735 B, Phil- 


,and • U40 Roe^e Drive N, 


B^ANID, L C., Jr. <4f 1941) CwwuIUn* Enir.. 
774 Spring St., and • U40 Rosedale Drive N,K., 
Atlanta, Oa. 

Bi^AZ^, Roy p. (A 193$) insttlathm 
Div., •Alexander Murray Ifc Co,, ttd,, 4036 
Rjchelicu St,, Montreal, and 848 Keaington 
Ave., Westmount, Qua,, Canada* 


ROLL OF MEMBERSHIP 


BOLTON, Reji^inald P,* (^Honorary Member: Life 
Memhrr'y M 1807) (Presidential Member) (Pres., 
1911; lat Mce-Prea., 1005, 1010; 2nd Vice-Pres., 
1903; Board of Governora, 1901, 1905, 1910-13) 
The R. P. Bolton Co., 110 Hast 19th St., New 
York, N. Y. 

BOND, Harry It CM 1938) Partner, .Edward 
IC. Ashley, Cons. Kn«r., 10 East 40th St., New 
York, and 141-49 181at St., Springfield, L. I., 

BOND,* Horace A. (A/ 1030) Prof. Engr., 152 
Washington Ave., and .12 Ramsey Place, 
Albany, N. Y, 

BONTHRON, Robert C. (A 1935) Syndicate 
Rcpr., Air Cond. Dept, Weatinghouse Electric 
& Manufacturing Co„ 40 Wall St., New York, 
and #44 Ingraham Blvd., Hempstead, L, I., 

boot/ Arthur (M 1938) Mgr., Air Cond. & 
Ref rig. Div., • Boot Co., Inc., 116 W. Fulton 
St. and 928 Orchard Ave., Grand Rapids, Mich. 

BOOTH, Charles A. CM 1917) Vice-Pres.. .Buf- 
falo ForgtJ C'o., 490 Broadway, and 142 Summit 
Ave,. Buffalo, N. Y. 

BORAK, Kuilepe ,(M 1937) Engr^ • Buenaod- 
Sucey Air C ouditlonlng, Inc,, 00 East 42nd St, 
New York, N. Y„ and 261 Manliattan Ave,, 
jersey (Uty, N. J. ^ 

BORG, Elmer II. (A/ 1938) Partner, . Proudfoot 
Rawsott-Brooki & Borg, 815 Hubbell Bldg., and 
3101 hktsttm Blvd,, Des Moines, Iowa. 

BORKAT, Philip (J 1930) Kngr., Design Sc 
Rt*»:*:trch, Viking Air Conditioning Corp., 5000 
Walworth Ave,, atid #809 hiast 128tii St, 
CleveLmd. Ohio. 

BORNBMANN, Walter A. (M 1924; J 1023) 
Sales Engr., .Carrier C.t>rp., 12 South I2th St, 
PhiUidelpiiia, and 123 W, Wharton Ave., (Men- 

BORNwSITUN, Wlllbim (A 1937) Partner, .Wil- 
liam Bornsteln St Stm, 729 New jersey Ave. N,W., 
WaMhington, D. and 7414 Pincy Branch Kd., 
Takoitm Park, Md. 

BORTON, A. Robert (J 1039) Dist. Mgr., .John 
J. Nesbitt, Ina, and 316 Brettding Ave., Ben 
Avon, Witsburgli (2), Pa, 

BOTBtllO. Nanto J. (A 1937) Chief Engr.- 
Mgr., .Ceibrasil RepresentaaK‘S, Ltda., Run 
Cteneral Camara, lH-7*. andar., Rio de Janeiro, 
Bm^il. S(mth Amerlm. 

BOTTOM, Edward W. (A I942t J 1938) Chief 

' ktigru •J. L. SkutUe Co., 12989 Greeley Ave., 
tttuf 13220 Woodward Ave„ Detroit Midi. 

BOGEY, Andu* J, 7/i 1037; J 1930) Sales Engr., 
♦ The B, F. Stuttmnt Co., 681 Market St, 


and 4810 Fulton St, San FrandsM, Calif. 

BOUILLON, Lincolti (U 1033) ConsolUng Engr.. 
.R<»om 426, Hit Fourth Ave. Bldg., and sSaO 
Sierra Dr.. Seattle, Wash. 

BOWEN, iohn C. (A 1938) Sales Mgr., .Mid- 
west Kr^nearlng Co., 201-203 State St, JU- 

». t. (A 1«37) Flying Offloer. 
Royal Canadian Air Force, and .274 Belihee 
Drfv^ Toronto, Ont, Canada. . , 

BOWKdS, Arthur F, (A 1919) Prtfc, • Indiirtrlal 
Heating Knalnefring Co., 828 N, Broadway, 
and sSb N. ffitekett Ave., Milwaukee, Wii.' 

SOWlSb, Potter (A 1928) ^Prea, .Hoffman 
Spotty Co., Incn 1001 York St, Indianapolis. 
um WsNtt Newton, Ind. 

BOXAiL, Predericic CM 1037) Export-Air C<md, 


BOVArT^iW C/ IVSS) Buyer ^kers and 
(;onlroli« Seam, Roebu^ St> Ctu, Homan 
Ave.* Chiato, III,, and e71l W» Chicago Ave., 


W 1941) Knw-., -M nne- 
anrilt-HoiwywM, Rmtttor Co., 3101 GUhom 
i;:ans«ui city. Mo., and 5144 Roesland 
Lane* Kansas City, Kan. 

BOYD, Robert JTn (/ 1941) Seles Engr., 
♦ Houaton Lighting 8 e Power O., P.O. Box 1790, 
and 4017 Coleridge Ave.* Houston, Tex. 


BOYD, Spencer Wallace (M 1937; J 1931) 
Consulting Engr., .Newcomb & Boyd, 015 
Trust Co, of Georgia Bldg., and 1505 Fairview 
Rd., Atlanta, Ga. 

BOYD, Thomas D. (M 1937) Sales Engr., . John- 
son Service Co., 1906 Dunlap St, and 3320 N. 
Sterling Way, Cincinnati, Ohio. 

BOYDEN, Davis S.* (Life Member; Mim)(Pres>> 
denhal Member) (Pres., 1937; 1st Vice-Pres., 
1036; 2nd Vice-Pres., 1935; Treas., 1933-34; 
Council, 1917, 1930-38) Consultant, Box 386, 
Shirley, Mass. 

BOYKER, Robert O. (A 1942; / 1936) Con- 
tractor, .Mac Boyker & Son, 220 First Ave., 
and 100 Kennebeck Ave., Kent Wash. 

BOYLE, John R. CM 1936) Asst. Chief Engr., 
Westerlin & Campbell Co., 1113 Cornelia Ave., 
and . 6868 Osceola Ave., Chicago, 111. 

BRAATZ, Chester J.* (M 1930) Sales Mgr., 
Barber-Colman Co., and .1819 Clinton St., 
Rockford, 111. 

BRACKEN, John H. CM 1927) Mgr., Industrial 
Uses Dept, . The Celotex Corp., 919 N. Michi- 
gan Ave., and 466 Oakdale Ave., Chicago, 111. 

BRADFIELD, William W. (il>f 1926) Mech, Engr., 
.341 Michigan Trust Bldg., and 1362 Franklin 

_ St, S. Grand Rapids, Mich. 

BRADFORD, Gilmore G. (M 1936) Mgr., Frigi- 
daire Div., . General Motors China, Ltd., 201 
Route Cardinal Mercler, Shanghai, China. 

BRADLEY, Eugene P. (M 1900) Pres. .Hester- 
Bradlcy Co., 2835 Washington Blvd., and 4 
Yale Ave., St. Louis, Mo. 

BRANDT, Allen D. (M 1940) P. A. Sanitary 
Engr., IT, S. Public Health Service, National 
Institute of Health, and . 137 N. Chelsea Lane, 
Bethesda, Md, 

BRANDT, E. H., Jr. (M 1928) Pres., .Reliance 
Engineering Co., Inc., P.O. Box 1292, and 1101 
Providence Rd., Charlotte, N. C. 

BRANIPF, Paul R. (A 1039) Secy.-Treas. 
.Branin Engineering Co., 817 N. Broadway, 
and 2()04 Northwest 10th, Oklahoma City, C)kla, 

BRATT, Hero D. CM 1937) Sales Engr., Warren 
Webster & Co., 228 Ottawa Ave. N. W., and 
. 2259 Stafford Ave, S.W., Grand Rapids, Mich. 

BRAUER, Roy (M 1926) Dist. Mgr., .The Trane 
Co., Magee Bldg., and 576 Austin Ave., ML. 
Lebanon, Pittsburgh, Pa. 

BRAUN, Charles R., Jr. (S 1939) Student, 

. Carnegie Institute of Technology, 4903 Forbes 
St.. Pittsburgh, Pa., and 1346 Haines Ave., 
Columbus, Oliio. 

BRAUNt John J. (M 1932) Vice-Pres, and Factory 
Mgr., The U. S. Pla^ng Card Co., and .4305 
Floral Avc„ Norwood, Ohio. 

BRAUN, Louis T. (M 1921) Exec. Secy., .Chi- 
cago Master Stcaxnfitters Assn., 228 N. I^SaUc 
St., and 1548 l^tt Blvd., Chicago, 111. 

BRAYMAN, Albert I. (J 1937) Mech. Designer, 
Jackson & Moreland. Cons. Engrs., Rm. 608, 
Park Sg. Bldg., 31 .St. James Ave., Boston, and 

•340 Boulevard, Revere, Mass. 

BREDBSEN, Bernhard P. (A 1031) Engr., 
• Reese Sc Bredesen, 403 Essex Bldg., and 3023 
Knox Ave., N„ Minneapolis, Minn. 

BRENEMAN, Robert B. CA 1931 : J 1027) Branch 
Mgr., .Armstrong Cork Co., 37 N. Third St., 
Columbus, and R-R. 2, Westerville, Ohio, 

BREWER, Prank M. (J 1941) thid Engrg. 
Draftsman Norfolk Navy Yard, Portsmoutlir 
and . 1217 Colonial Ave., Apt. B-l, Norfolk, Va. 

BREVER, Fredrick (S 1940) Student, « Carnegie 
Institute of Technology, 5931 Walnut St., Pltts- 
burgli, Pa„ and 4219 Richton, Detroit, Mich. 

BREX^ IrAn^ E. (A 1989) Asst. Mgr., .Hrex 
ik Hieler Div,, The Excelsior Steel Furnace Co., 
45th St., and First Ave., and 7200 Ridge Blvd., 
Brooklyn, N. Y, 

BRIDE, WUHam T. CM 1928; J 1926) • Bride- 
Grimes 6c Co., P,0. Box 777, I^iwrence, and 28 
Albion St„ Methuen, Mass. 

BRIGHAM, dare M, (M 1935) Vice-Pres. in 
Ciiarge of Sales .C. A. Dunham Co., 450 E. 
Ohio St„ Chicago, and 420 Maple Ave., Win- 
netka, lit. 
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BRINKER, Harry A. (M 1934) 2521 Univerdty, 
Kalamazoo, Mich. 

BRINTON, Joseph W. (M 1920) Mgr., Boston 
Dist., • American Blower Corp., 1003 Statler 
Bldg., Boston, and 42 Gleason St., West Med- 
ford, Mass. 

BRISSENDEN, CarroU W. (J 1939) Power Sales 
Engr., Portland General Electric Co., 621 S.W. 
Alder St., and •8443 Southwest 56th Ave., 
Route 6, Portland, Ore. 

BRISSETTE, Leo A. (K 1930) Treas., • Trask 
Heating Co., 4 Merrimac St., Boston, and 168 
Florence St., Melrose, Mass. 

BRITTAIN, Alfred, Jr. (M 1938) Engr., Weather- 
makers (Canada), Ltd., 593 Adelaide St„ and 

• 138 Wheeler Ave., Toronto, Ont., Canada. 
BROCHA, John F. (M 1936) Buyer Plbg. and 

Htg., Montgomery Ward & Co., 619 W. Chicago 
Ave., and #5475 Hirsch St., Chicago, 111. 
BROCKINTON, C. E. (A 1937) Sales Engr.. 

• Advanced Refrigeration, Inc., 350 Peachtree 
St., and 756 Elkmont Drive, N.E. Atlanta, Ga. 

BROD, Bernard M. (7 1941) Engr., Suburban Air 
Conditioning Corp., 10 Brookdale Place, and 

• 669 N. Terrace Ave., Fleetwood, Mt. Vernon, 
N. Y. 

BRODERICK, Edwin L.* (M 1933) Engr.. 

• John B, Pierce Laboratory of Hygiene, 290 
Congress Ave., New Haven, and Skiff St., North 
Haven, Conn. 

BRODNAX, George H., Jr. (M 1938) Sales Engr., 

• Georgia Power Co., Electric Bldg., and 1564 
Westwood Ave. S. W., Atlanta, Ga. 

BROKAW, George K. (A 1942; J 1939; 5 1938) 
Engr., Clyde E. Bentley, Consulting Engr., 216 
Pine &n Francisco, and • 1315 Dwight Way, 

Apt. D., Berkeley, Csilif. 

BRONSON, Carlos E.* (M 1919) Chief Mech. 

Engr., eKewanee Boiler Corp., Kewanee, 111. 
BROOEJ^, Irving E. (M 1938) Consulting Engr., 

• 189 W. Madison St., Chicago, and 830 Key- 
stone Ave., River Forest, 111. 

BROOM, Benjamin A. (AT 1914) Sales Pro- 
motion Engr,, Weil-McLain Co., 641 W. Lake 
St., and •1639 Fargo Ave., Chicago, 111. 
BROOME, Joseph H. (A 1936) Sales Engr., 
MinneapoUs-Honeywell Regulator Co., 604 Cen- 
tral Ave., East Orange, and • 180 Walnut St., 
Montclair, N. J. 

BROWN, Alfred P. (M 1927) Vicc-Pres., • Rey- 
nolds Corp., 1400 Wabansia Ave., Chicago, and 
439 Maple St., Winnetka, 111. 

BROWN, Aubrey I.* (M 1923) Prof, of Htg. and 
Vtg., • Ohio State University, and 169 Richards 
Rd., Columbus, Ohio. 

BROWN, David (M 1936) Owner, Plbg. and Htg. 
Business, • 67 Cooper Square, and 54 West 174th 
St., New York, N. Y. 

BROWN, Foskett* (M 1926) Pres,, •Gray & 
Dudley Co., 222 Third Ave. N., and Hillsboro 
Rd., Nashville, Tenn. 

BROWN, H. Junius (J 1940) Engr., A.F.S.C.O.. 
(General Electric Air-Conditioning, 1616 Parade 
St., Erie, Pa., and Norwood Ave., Clifton, 
S. r., N. Y. 

BROWN, John S., Jr. (J 1937) Sales Engr., 
Frigidaire Div., (General Motors Corp,, Plant No. 
1, Taylor St., and •428 Hadley Ave., Dayton, 
Ohio. 

BROWN, Leland S., Jr. (S 1940) Student, Catho- 
lic University of America, and • 15 Bryant St. 
N.W., Washington, D. C. 

BROWN. Mack D. (U 1938; J 1936) Engr., 

• Northup & O’Brien, Archts., 602-08-04 Rey- 
nolds Bldg., and 2914 Bon Air Ave., Winston- 
Salem, N. C. 

BROWN, Marvin Lee (M 1939) Vice-Pres., Dallas 
Air Conditioning Co., Inc., 3500 Commerce St,» 
and •3461 Potomac St., Dallas, Tex. 

BROWN, Maurice W. (7 1938) Asst. Branch 
Mgr., •American Blower Corp., 619 Texas 
Bank Bldg., and 2623 W. Tenth St., Dallas, Tex. 
BROWN, Sterhng D. (7 1939) 320 Fulton St., 
San Francisco, Calif, 


BROWN, Tom (M 1930) •Ward 24, Veterans 
Hospital, Dayton, Ohio, and 22151 Gratiot .\ve., 
East Detroit, Mich. 

BROWN, WUliam H. (A 1923) Mgr., Brown 
Bros., Inc., 3015 North 22nd St., Milwaukee, 
Wis. 

BROWN, Winfred E. (5 1941) Student, Iowa 
State College, and •2026 Country Club, Ames, 
Iowa. 

BROWN, W. Maynard (A 1930) Warren Webster 
& Co., 17th and Federal Sts., Camden, N. J. 
BROWNE, Alfred L. (M 1923) •Illinois Engi- 
neering Co., 253 Highland Rd., South Orange, 
N, J. 

BRUNDAGE, F. Ward (7 1940) First Lt., Battery 
E., 423rd C.A. Sep. Bn. A.A., U. S. Army, and 

• 512 N. Park St., Kalamazoo, Mich. 
BRUNETT, Adrian L. (M 1923) Mech. Engr., 

U. S. Supervising Architects Office, Procurement 
Bldg., Washington, D. C., and eP-O. Box 30, 
Rockville, Md. 

BRUNNER, Emanuel G. (A 1940) Burner ?ialoH, 
Dome Oil Co., Inc., and •707-20th St. N.W., 
Washington, D. C. 

BRUST, Otto (M 1930) ■ Consulting Engr., 

• Wilmersdorfer Strasse 96, Berlin-Charlotten- 
burg 4, Germany. 

BRYANT, AllceG.»M.D.»* {life Member; M 1921) 
A.B., M.D., F.A.C^.S., .4S-E.E., Otolaryngologist. 
Physician and Surgeon, 406 Marlborougti St., 
Boston, Mass. 

BRYANT, Percy J. (A/ 1915) ('hief Engr., 

• Prudential Insurance Co. of America, 763 
Broad St., Newark, and 754 Belvidere Ave., 
Westfield. N. J. 

BUCK, David T. (M 1940; A 1936) Pres., • Buck 
Engineering Co., 37-41 Marcy St., and 116 \V. 
Main St., Freehold, N. J. 

BUCK, Lucien {M 1928) Engr., Proctor & 
Schwartz, Inc., Seventh St. and Tabor Rd., Phila- 
delphia, and alOS Jericho Manor, Jenkintown. 
Pa. 


BUCKERIDGE, Victor L. (A 1938) Partner, 
• H. Buckeridge & Son, 15108 Kercheval Ave,, 
and 1397 Brys Drive, Grosae PoinUs Mich. 

BUCKLEY, Duane J. (5 1939) Student, Univer- 
sity of Illinois, Urbana, 111., and *421 S. Kcmn- 
tain, Wichita, Kan. 

BUENGBR, Albert* {M 1920 ; 7 1917) (Cuundl, 
1934-37) Bldg. Supt., Gibson Hotel, and *1204 
Herschel Woods l^ne, Cincinnati, Ohio. 

BUBNSOD, Alfred C. (Af 1018) Pres., Buensod- 
Stacey Air Conditioning, Inc., 60 East 42nd St., 
and *33 Fifth Ave., New York, N, Y. 


BULLER, Charles R. (A 1938) Chief Engr., Oil 
Burner Div., The Hell Co., 8000 W. Monuina 
Ave., and • 2050 Shore Drive, Milwaukee, Win. 

BULLOCK, Howard H. (A 19»'i3) Commercktl 
Engr., e^neral Electric Co., 212 N. Vlgnes St., 
Lo8 Angeles, and 2442 Cudahy St., Huntington 
Parli Calif. 

BURCH, Laurence A, (A/ 1934) Sales Mgr., R. L. 
Deppmaan Co., 6853 Hamilton Ave., Uetroit, 
^ *78 Amherst Rd„ Pleasant Ridge, Royal 
Oak Mich. 

BURGES, Joseph H. M. (7 1939) Sr. Draftsman, 
Air & Refrigeration Corn., 475 Fifth Ave., N*tw 
N. Y., and Orclwird St., BUnmificdd. 

BURKE, J. J, CM 1980; A 1037; 7 1930) Engr. 
in Cliarge of Ait Cond. and Refrig.. * American 
Viscose Corp., Delaware Trust Bldg., Wilming- 
ton, Del. 

BURKH^T, Elder M. (A 1040: 7 1935) HAm 
Engr., Overly Manufacturing Co., 410, 

Boi^ Bldg., and ♦3601 A St, S.E., Washington, 

BUl^AM, C. Jn (M 1938; A 1937) Bngrg. 
Edi^r, • Hwting, Piping and Air Co^itloning, 
6 N. Michigan Ave., and 10566 Hale Ave., 
Chicago, HI. 


BURNAP, Charles H. (Af 1941) Sales Kngr., 
• A. K, HowoII Co., 1302 Syndicate Truri 
Bldg., and 4987 Tholo/tm St.. St, Louis, .\tM. 
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BURNETT, Earle S. (Af 1920) Senior Mech. 
Engr„ Petroleum & Natural Gas Div., U. S. 
Bureau of Mines, Amarillo Helium Plant, P.O. 
Box 2250, and •4223 West 11th Ave., Amarillo, 
Tex 

BURNS, Edward J, (Af 1923) Reuben L. Ander- 
son, 519 Cleveland Ave. N., St. Paul, and • 4716 
Aldrich Ave. S., Minneapolis, Minn. 

BURNS, Frank G. {M 1940) Capt., Infantry, 
• U. S. Army, Overseas Discharge & Replace- 
ment Depot, Charleston, S. C,, and 317 Baron- 
nest, New Ork‘ana, La. 

BURNS, Harold J. (A 1941; J 1939) Engrg. Asst., 
Washington Gas Light Co., 411 Tenth St. N. W., 
and • 105 Allen Rd., Friendship Station, Wash- 
ington, D. C. 

BURNS, John R. (7 1936; S 1933) Htg. Dept., 
Cmuc Co., 279 Madison Ave., New York, N. Y., 
and • 504 N, Main St., Wallingford, Conn. 

BURR, Griffith C, {Ai 1937) Mech. Kngr., Carr 
& Greiner, Marine Base, and •81?3 .S. Lumma 
Ave., Wrighsville Beach, N. C. 

BURRriX Charles G. (A 1910) Mgr., Minne- 
apolis Office, • Johnson Service Co., 922 Second 
Ave. S., and Leamington Hotel, Minneapolis, 
Minn. 


BURRITT, Edward E., Jr. (.1 1941) Sales Engr., 
General Electric Co., Plymouth Bldg., Room 
and •5415 Fremont Ave. S., Minneapolis, Minn. 
BURTCHAELL, James T. (A 1941) Pres., 

• Rushlight’s, Inc., 407 S.K. Morrison St., and 
3904 N.E. Ilajselfeni Place, Portland, Ore, 

BURTON, W. Russell 01 1939) .Sales Engr., H. J. 
Sandberg Co., 500 N.K, Union Ave., and •2810 
Northeast lOtli St., Portland, Ore. 

BUSllNELL, <3arl l>. (A 1921) Pres., •The Buah- 
nell Machinery Co., 31 1 Ross St., Pittsburgli, and 
Rosslyn Farms, Carnegie, Pa. 

BUSSE, Herbert (Af 1938) Chief Engr., Fisher 
Bldg. Div., Fislier & Co., 417 Fisher Bldg., and 

• 107iK) C»reenview Rd., Detroit, Mich. 
BUTLER, Peter 1). {M 1922) Sales, IT. S. Radiator 

(h)rp., Detroit, Mich,, and • 127 Edgewater 
Rd.. ('liffside Park, N. J, 

Bim\ Roderick E. W. (.1 1936; J 1930) 605 
Beatty Houst‘. Dt»lphin Stiuare, London, S.W.1, 
England. 

BUZZARD, Francis H. (M 1939) Asat., Charles 
S. I-eopold, Consulting Engr,, 213 S. Broad St., 
Philadelphitt, Pa„ and ^024 Wood Lane, Had- 
dontleld, N. J, 

BYRD, T. 1. (/I 1936) Mgr., Bldg. Markets Dept., 

• The American Rolling Mill Co., and 2311 S. 
Sutphin St., Middletown, Ohio. 

BYRNE, Joseph J. (A 1939) Htg. Engr,, • Kleen- 
air Kumaa* Co., 5329 N.E. &ndy Blvd., and 
^16 N.E. Rodney Ave.. Portland, Ore. 
BYSOM, Leslie L. (Af 1915} Mech. Engr., Design 
Section, Puget Sound Navy Yard, Public Works 
Dept,, and ♦ 1214 Klghtli St., Bremerton, Wasli. 


c 


GADY* Edwnfd P, (J 1937) Mech. Engr., The 
Austin Co., 16 U2 Euclid Ave,, Cleveland, and 
•2240 Kexw(H)d Rd., CTlevelnnd Heights, Ohio. 
(JAIN, WUlUim J. iS 1940) Student, 9111 Del- 
phine Ave,, Overland, Mo, 

CALDWELL, Arthur C* (M 1930) Engr. and 
Estimator, P. Crormly Co.. 155 N. Tentli St., and 
• 5^ South 48th SL, Phlmdelphia. Pa. 


(SALDWEU., Robert J. S. (M 1941) •Carrier 
ISnttlneerittg S, A„ Ltd., Box 7821, and 15 Natal 
.St„ Bellevue, Joimnneaburg. South Africa, 
.CALEB, David (A/ 1923) Engr*. • Kansas City 
Power Lfglrt Co„ 1830 Baltimore Ave., and 
141 Spruce St., Kansoi City. Mo. 
iVihU Joeeph CM 1938; J 1936) Mmr., Air Cond. 
Div., ElUott-i^s Co,, 251B N. Broad St., 
Philadelphia, and #50 if^irheid R<L, Brookline 
Park. Delaware Co.. Pa. 

CALLAHAN, Peter J. CM 1934) Inspecting Engr., 
Central Hanover Bank & Trust Co., 60 Broad- 


Central Hanover Ban 

a . New York, and 
*, S. L, N. V. 


f 4057 Ambt>y Rd., (rteat 


CALNAN, Edward J. 1941) Power Engr., 

• The Ontarit) Paper Co., Ltd., Thorold, and 208 
Russell Ave., St. Catherines, Ont., Canada. 

CAMERON, Robert T. (J 1941; 5 1938) Sales 
Engr., Crane Co., 1007 W. Bay St., and •2764 
Vernon Terrace, Jacksonville, Fla. 

CAMPAU, W. R. (M 1940) Secy, and Gen. Mgr., 

• Kendall Heating Co., 1636 N.W. Lovejoy St., 
and 4418 Northeast 11th, Portland, Ore. 

CAMPBELL, Alfred Q., Jr. (A 1940; J 1933) Lt. 
of Field Artillery, U. S. Army, 20th F.A. Branch, 
Fort Benning, Ga. 

CAMPBELL, Bowen (M 1938) Engr., •Campbell 
Heating Co., P.O. Box 833, and 2404 East 29th 
St.j Des Moines, Iowa. 

CAMPBELL, Everett K,* (M 1920) (Council, 
1931-33; 1939-41) Pres., •E. K. Campbell 
Heating Co., 2441-3-5 Charlotte St,, and 3717 
Harrison, Kansas City, Mo. 

CAMPBELL, Georde Summers (A 1941; J 
1937) Consulting Engr., •Geo. S. Campbell, 
Mech. Engr., 1018 Cotton States Bldg., and 
1100-17th Ave. S., Nashville, Tenn. 
CAMPBELL, Georfte W. (J 1939) First Lt., U. S. 
Army Air Corps., Savannah Array Air Base, 

Air Base Sciuadron, Savannah, Ga., and •32.'> 
A St, S.E., Washington, D. C. 

CAMPBELL, Robert E. (Ad 1941; A 1940; J 1934) 
Chief Engr., General Cooling & Heating Corp., 
120 E. Fors^dih St., and • 1521 Catherine Court, 
Jacksonville, Pla. 

CAMPBELL, Roger P. (J 1939) Secy., eE. K. 
Campbell Heating Co., 2446 Charlotte St., 
Kansas City, Mo., and 921 Caroly Ave., Nash- 
ville, Tenn. 

CAMPBELL, Thomas P. (M 1928) •T. F. 
Campbell Co., 1013 Penn Ave., and lOl Evernia 
Dr., Wilkinsburg, Pa. 

CANDEE, Bertram C. (M 1933) Partner, Beman 
& Candee, Cons. Engra,, 374 Delaware Ave., 
Buffalo, and • 19 Tremont Ave., Kenmorc, N. Y. 
CAPLE, Ira (j 1941; .S’ 1938) Engr., • Super 
Radiator Corp., and 716 University Ave. S.B., 
Minneapolis, Minn. 

CARBONE, James H. (M 1937) Htg.-Vtg 
Inspector, City of New York, New York, and 

• 12l-l3-198th St., St, Albans, L. L. N. Y. 
CAREY, Paul C. (Af 1930) Member of Firm, 

• Runyon & Carey, Cons. Engrs., 33 Fulton St., 
Newark, and 31 Claremont Drive, Maplewood, 
N. J. 

CARLE, William E. (M 1920) Pres., aCarle- 
Boehling Co„ Inc., 1641 W. Broad St., and 4015 
W- Franklin St., Richmond, Va. 
oarlock:, Marion F. 1936) Dist. Repr., 
American Foundiy & Furnace Co., and •7008 
Amherst, University City, Mo. 

CARLSON, C. 0. (A 1037) Owner, •C. O, 
Carlson Heating Co., 1627 Washington Ave. N., 
and 3526 Humboldt Ave. N., Minneapolis, Minn, 
CARLSON, Everett £. (M 1932; A 1929) Branch 
Mgr., • The Powers Regulator Co,, 2726 Locust 
St., and 6675 Washington Ave., St. Uuis, Mo. 
CARNAHAN, John H, (A 1940; J 1937) Sales 
Dept., •Oklahoma Gas & Electric Co., P.O. 
Box 1498, and 3110 Northwest 26th .St., Okla- 
homa C'ity, Okla. 

CARNEY, Edward J. (A 1930) Partner, • John C. 
Kohler Co., 554 North 16th St., and 1020 Nortli 
04th St., Philadelphia, 

CARON, Hector (A 1938) Mgr., Hector Caron, 
324 Uncoln Highway, and ^421 S. Third St., 
Rochelle, 111. 

CARPENTER, Randolph H. (M 1021) (Council, 
1930-35) Mgr., New York Office, •Nash Engi- 
neering Co., Graybar Bldg., 420 l.exington Ave., 
New York, and 20 Jefferson Ave., White Plains, 
N. Y. 

CARR. Maurice L> (M 1931) Dir. of Reaetirch, 

• Pittsburgh Testing I^bomtory, Stevenson and 
Locust Sts., and KooHCvelt Hotel, Pittsburgh, Pa. 

CARRIER, Bari CL <M 1936; J 1929) Branch 
Mgr., Carrier C’orp,, 704 Statler Bldg,, Bostem, 
arid •<j 8 High St., Winchester, Mhhh. 
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CARRIER, WiUis H * (M 1913) {Presidential 
Member) (Pres., 1931; 1st Vice-Pres., 1930; 2nd 
Vice-Pres., 1929; Council, 1923-32) Chairman of 
the Board, •Carrier Corp., 302 5. Geddes St., 
and 2570 Valley Drive, Syracuse, N. Y. 
CARROLL, Daniel E. (A 1941) Pres., Carroll 
Sheet Metal Works, Inc., 46-10-70th St., and 

• 37-22-6Sth St., Woodside, L. I., N. Y. 
CARROLL, Edgar E, (A 1939) Owner, • Kleenair 

Furnace Co., 6329 N.E. Sandy Blvd., and 2434 
Northeast 43rd Ave., Portland, Ore. 

CARROLL, WiUiam M. (J 1938) Sales Engr., 

• Tom Dolan Heating Co., 614 W. Grand, and 
908 East Drive, Oklahoma City, Okla, 

CARTER, Alexander W. (M 1940; J 1936) 

• Monarch Brass Manufacturing Co., Ltd., 71 
Browns Ave., and 117 Elmer Ave., Toronto, Ont., 
Canada. 

CARTER, Doctor (JW 1934) Consulting Engr., 
50 Nevill Rd., Hove, Sussex, England. 
CARTER, John H.* (M 1936) Mgr., Refrig. 
Dept., • Kupferle-Hicks Heating Co., 3974 
Delmar Blvd., St. Louis, and 504 Tuxedo Blvd., 
Webster Groves, Mo. 

CARY, Edward B. (M 1936) Lt. Comdr. (CEC) 
U.S.N.R., • U. S. Naval Training Station, Great 
Lakes, and 412 Douglas Ave., Waukegan, 111. 
CASE, Delbert V. (M 1937) Engr., Edw. W. 
Lochman Co., 1421 Cherry St., Kansas City, 
Mo., and c/o Fisher Memphis Aircraft Div., 
G.M.C., Memphis, and •1973 Poplar Ave., 
Apt. 5, Memphis, Tenn. 

CASE, Walter G. (A 1930) Mgr., Ideal BoUera & 
Radiators, Ltd., Ideal House, Great Marlborough 
St., London, W.l, and *66 The Ridgeway, 
Kenton, Harrow, Middlesex, England. 

, CASEY, Byron L. (M 1921) Sales Engr., ollg 
Electric Ventilating Co., 222 N. LaSalle St., 
Chicago, and 404 Vine Ave., Park Ridge, 111. 
CASKEY, Luther H., Jr. (J 1941; 5 1938) 
2nd Lt., Personnel Officer, 38th Engineers, Fort 
Jackson, S. C., and • 513 N. Queen St., Martins- 
burg, W. Va. 

CASSELL, John D.* (Life Member: M 1913) 
(Council 1930-35) Retired, 2008 Walnut St., 
Philadelphia, Pa. 

CASSELL, Wailam L. (M 1936) Owner, •’Wil- 
liam L. Cassell, Mech. Engr., 912 Baltimore 
Ave., Kansas City, and R.F.D. No. 6, Indepen- 
dence, Mo. 


CHALMERS, Charles H. (M 1926) Gen. Mgr., 

• Chalmers Oil Burner Co., 318 First Ave. N., 
and 623 Seventh St. S.E., Minneapolis, Minn. 

CHAMBERS, Fred W. (M 1936) Pres., •F. W. 
Chambers & Co., Ltd., 96 Blobr St. W,, and 66 
Glengowan Rd., Toronto, Ont., Canada. 
CHAMPUN, Robert C. (A 1938) Mgr., Air Cond. 
Engrg. Dept., •Timken Silent Automatic Div., 
100-400 Clark Ave., and 13640 Mendota Ave., 
Detroit, Mich. 

CHAPIN, C. Graham (M 1933) Treas., • Hopson 
& Chapin Manufacturing Co., 231 State St., and 
66 Faire Harbour Place, New London, Conn. 
CHAPIN, Harvey G. (M 1936) Sales Engr., 

• Westerlin & Campbell Co., 1113 Cornelia Ave., 
and 8352 Maryland Ave., Chicago, 111. 

CHAPMAN, D. Bascom (M 1941) Dist. Sales 
Mgr., • Clarage Fan Co., 179 Whitehall St,, and 
2119 McKinley Rd. N.W., Atlanta. Ga. 
CHAPMAN, William A., Jr. (M 1936) Product 
Development & Application Dept., •Frigidaire 
Div., General Motors Sales Corp., 300 Taylor St,, 
and 674 Daytona Pkwy., Dayton, Ohio* 
CHARLES, Paul L. (M 1938) Mgr., •Walsh & 
Charles, 406 Tribune Bldg., and 146 Ash St., 
Winnipeg, Man., Canada. 

CHASE, Arthur M., Jr. (ikf 1938) Sales Engr,, 

• York Ice Machinery Corp., Box 369, 2201 

3333,Chark St., Houston, Tex, 
CHASE, Chauncey L. (M 1931) 222 Chapel Rd., 
Manhasset, L. L, N. Y. 

CHASE, L. Richard 1988; J 1931) Vice-Pres. 
and Gen. Mgr., •Transport Clearing House, 
Inc., Ill W. Jackson Blvd., Chicago, and 4^ 
Leonard, Park Ridge, 111. 


CHASE, Peter S. (A 1940) Owner, •Chase Co., 
936 Oak St, and 1167 Ferry St., Eugene, Ore. 
CHASE, Roger E. (A 1939) Pres., •R. E. Chase 
& Co., Inc., Tacoma Bldg., and 117 N. Tacoma 
Ave., Tacoma, Wash. 

CHASE, R. E., Jr. (J 1941) Branch Mgr.. • R. E. 
Chase & Co., 506 Railway Exchange Bldg., and 
831 S.W. Sixth Ave,, Portland, Ore. 
CHEESEMAN, Evans W. (J 1937; S 1934) 
Lt, Personnel Adjutant, • Personnel Office, (Ith 
Engrs. Training Group, E.R.T.C., No. 1902. 
Ft. Leonard Wood, Mo., and 1603 Willow St., 
CoEeyville, Kan. 

CHENEVERT, J. Georges (M 1938) Consulting 
Engr., • Arthur Surveyor & Co., Room 1203, 
1010 St. Catherine St. W., Montreal and 536 
Outremont Ave., Outremont, Que., Canada. 
CHERNE, Realm E. (M 1938; J 1929) Dist. Chief 
Engr., Carrier Corp., South Geddes St., and 

• 314 Strathmore Drive, Syracuse, N, Y. 
CHERRY, Lester A.* (M 1921) Consulting Engr., 

• Cherry, Cushing and Preble, Cons. Engrs., 
271 Delaware Ave., Buffalo, and 151 Euclid 
Ave., Kenmore, N. Y. 

CHESTER. Frank h,* (A 1940) Mgr.. •W, G. 
Cheater & Son, 179 Bannatyne Ave., and 219 
Kingston Row, Winnipeg, Man., Canada. 
CHESTER, Thomas* (M 1917) Consulting Engr., 

• 230 Fifth Ave,, New York, N. Y, 

CHEYNEY, Charles C. (A 1013) Asst. Sales Mgr., 

• Buffalo Forge Co., 490 Broadway, and 266 
Lincoln Pkwy,, Buffalo, N. Y* 

CHILDS, Lewis A. (M 10.38) Dist. Sales Mgr., 

• Clarage Fan Co., 520 Commercial Trust Bldg., 
Philadelphia, and 330 Harrison Ave,, Glenside, 


CHRISTENSON, Harry (.1 1031) CiwPartner, 
Hunter-Prell Co., 13-10 E. Jackson St., Battle 
Creek, Mich. 

GHRISTIERSON^ Carl A. (A 1039; J 1037) 
Mgr., •Carrier Engineering wS. A,, Ltd., Box 
2421, and 407 Buckingliam Court, 91 Smith St., 
Durban, South Africa. 

CHRISTMAN, WiUiam P. (A 1031) Engr., 

• Kroeschell Engineering Co., 216 W. Ontario 
St., and 6651 N. Maplewood Ave., Chicago, ni. 

CHRISTOPHERSEN, Andrew £ (M mrl) 
Engr.-Custodian, • Board of Eduoition, SmhB 
ing School, 1628 Washington Blvd,, and 2923 N. 
Kilpatrick Ave., Chicago. III. 

CHURCH, H. J. (M m2) Mgr., •Darling 
Brothers, Ltd., 137 Wellington St. W., Toronul, 
Weston, Out., Canada. 
CITRON, ,Daniel J. (5 1938) 2055 Ryer Ave., 
New York, N, Y, 

* Rol^t, Jr. (A 1038) Sales Engr*. #U. S. 

Rad^tor Corp., 127 Campbell Ave., Detroit, and 
Rochester, Mich. 
♦UBfi Plymouth 

Rd. N.B., Atlanta, Ga. 

CI^K, Albert C. (A 1939) Engr., Mueller 
Union Avp„ and 
I*f>rtland, Ore, 

Mfr», Agent, 600 
M^cMgan^Theatre Bldg,, and *2539 Ukewood, 

Cttpitol Ave.. 
IndianapoUs, Ind, 

CLARK, Robert L. (A 1918) fVes., The Clark 
PS- W Bast wth St., aeyebtnd, and 
Cleveland Heights, Ohku 
OL^KEi^ohii IL (4 1941) Ajwjoe. Marino Engr., 
Wanhingion, D. C., 

and N. flarriion, Arlington, Vn. 

^ S 193H) 3H32 

Burn, St, Juouis, Mo. 

CLAUSEN, Arnold H. (AT tOSSjOwnn* ami M»r., 
•Ctou^ EiHtfaMrini, Co., m Wall St., S 
B* Howell St., Seattle, Wttah. 

Wh^n M 1B9B, A IMS) Swy., 

• Na^aal Mtaeral Wool Ann., 1»70 Sljrth Ave., 
_New Ywk, and 187 S. Broadway, Nyaok, N. y. 
OI^GG, 1^1 (Id 1928) 01m. ttier,, aAineiicaR 

Blown'CeTO.,811 Mutiuil Bid*., and 3412 (JUI- 
nam Rd., Kaon* Dty, Mo. 
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CLEMENS, Joseph D. (7 1942; 5 1940) Olds 
Motor Works, and •826 Townsend St., Lansing, 
Mich. 

CLIFTON, John A. (A 1938) Mgr., •Renown 
Plumbing Supplies, Ltd., 236 Parliament St., 
and 309 Belsizc Drive, Toronto, Ont., Canada. 
CLO, Harry E. (J 1939) Sales Engr., •American 
Air Filter Co., Inc., 228 N. LaSalle St., and 10565 
S. Hale Ave., Chicago, 111. 

CLOSE, Paul D.* (M 1928) Tech. Secy., • Insu- 
lation Board Institute, 111 W. Washington St.. 
Chicago, and 757 Maclean Ave., Kenilworth, 111. 
CLOSE, Robert (M 1938) Chief Air Cond. Engr.. 
National Broadcasting Co., 30 Rockefeller Plaza, 
New York, N. Y., and •IBS Glenwood Ave., 
Leonia, N. J. 

COCHRAN, L, H. (M 1934) Diet. Mgr,, •Ameri- 
can Blower Corp., 625 Market St., and 130 
Camino Del Mar, San Francisco, CaliL 
COCKINS, William W. (A 1941; J 1937) Engr,, 
Scott Co., 243 Minna St„ San Francisco, and 
• 1700 Madera St., Berkeley, Calif. 

CODY, Henry C. (M 1936) Sales Engr., Pierce 
Butler Radiator Corp., 16th and Glenwood Ave., 
and •7330 North 2l8t St., Philadelphia, Pa. 
COOHLAN, Sherman F. (A 1037) Mech. Engr., 

L M, Montgomery & Co., 306 W. Third St., 
1 Angeles, and • 414 Ninth St., Santa Monica, 
Calif. 

COHAGBN, Chandler C. (M 1919) Archt., 
• Chandler Ik Colutgcn, Box 2100, and 235 
Avenue G. Billings, Mont. 

COHEN, Philip (M 1932) Dist. Mgr., •B. F. 
Sturtevant Co., 401 E. Ohio Gas Bldg., and 7100 
Euclid Ave., Suite No. 6, Cleveland, Ohio. 
COLBY, John H. (J 1939) Sales Engr., •Johnson 
Service Co„ 20 Winchester St., Boston, and 25 
Jefferson Rd., Wellesley Hills, Mass. 
OOLCLOUCH, Otho T. (A 1933) Custodian. 
• American Foreign Service, American I.^gation, 
and 399 Hamilton Avts, Ottawa, Ont., Canada. 
COLE, C. Boynton (Af 1940: J 1937) Owner, 
Boynton Cole. Contracting Engr., 1873 Pied- 
mont Rd. N.E., and • 1843 Maglef Ave. N.E., 
Atlanta. Ga. 

COLE, Grant B. (A 1925) Vice-Pres. and Gen. 
Mgr., •Trane Co. of Canada, Ltd,, 4 Mowat 
Ave., and 112 Tyndall Ave., Toronto, Ont., 
Canada. 

COLEMAN, John B. (M 1920) Chief Engr.. 
• Grinnell Co., Inc., 275 W. Exchange St., and 
237 Cole Ave., Providence, R. I. 

COLFORD, John (A 1937) Pres., John Colford, 
Ltd., 2007 Guy St., Montreal, and •61 Upper 
Bellevue Ave., Westmount, Que., Canada. 
COLLe, S. S. {a 1938) Engr., • Air Conditioning 
Engineering Co., 361 Youviile ^uare, and 4908 
Fulton St., Montreal. Que., Canada. 

COLLIER, WiUiam I. (M 1021) Pres,. eW. 1. 
CcHliev ik Co« 34 U Duvall Ave., Baltimore, and 
laUcott St., ElUcott City, Md. 

COLLINS, John F, S., Jr, (M 1983) (Council, 
1940*41) Secy,*Treat., National District Heating 
Assn., $3^ N. BucUd Ave., Pittsburgh, 3^. 
COLLINS, Loo F. (M 1941) Chemist. oThe 
Detroit EdUon Co„ 2000 Second Ave., and 14615 
Frevost, Detroit, Mich. 

COLMAN, Robert C. (A 1940} Vice-Pres.. 
M^uay. Inc,, 1600 Broj^way N.E., Minnea- 
polis and «102 Exeter Place, St, Paul, Minn. 
COLMENARES, Otmpmr VlaoM (A 1938) Vice- 
Prei. and Cen. Mgr.. Refrig. and Air Cond.. 
• C 4 i 8 tel-Vtao-S,A.. Obmi^ 407, and Calle 10 
No, 34, Miramar, Havana, Cuba, 

COMO, JocE A, CK 1939) Mech. Engr,, •Xnde- 

COMSTOCK, Glen M. (A 1926) Sales Engr., 
U J. Wing Mfg, Co.. 1319 Murdoch Rd, (17), 
Pittilburi^, Pa. 

CONATY* Bwoard M. (M 1935) Vlco-Pres., 
•Amencan District Steam Co., North Tona- 
minda, and P.O. Box 342. Bden, K- Y. 
COMKUN, Robert M. U 1040} Bnsr., 848 South 
Mth St,, Newark, N. jT 


CONNELL, Richard F. (A/ 1916) Mgr., Capitol 
Testing Lab*., eU. S. Radiator Corp., 1056 
National Bank Bldg., and 2970 Burlingame, 
Detroit, Mich. 

CONNER, Raymond M. (M 1931) Dir. Labs,, 

• American Gas Assoc., 1032 East 02nd St., and 
2469 Dysart Rd., Cleveland, Ohio. 

CONNORS, Edward C. (A 1940) Engr.-Custodian, 
Chicago Board of Education, 5600 Madison St., 
and •6550 Ponchartrain Blvd., Chicago, 111. 

CONRAD, Roy (M 1936) Sales Engr., Carrier 
Corp., 1600 S. Santa Fc, Los Angeles, Calif, and 

• 3416 Colfax "B”, Denver, Colo. 

CONSTANT, Earl S. (A 1942: J 1935) Engr., 

Buffalo Forge Co., 490 Broadway, and *242 
N. Park Ave., Buffalo', N. Y. 

CONVERSE, Thornton J. (M 1941) Engr., 

• Office of Douglas Orr. Archt., 96 Grove St., 
New Haven, and Stony Creek, Conn. 

COOK, Benjamin F. (M 1920) Prop., Benjamin 
F. Cook, Consulting Engr,, 114 W, Tenth St. 
Bldg., Kansas City, and • 1720 Overton Ave., 
Independence, Mo. 

COOK, Henry Dale (A 1938) Sales Engr., • Gen- 
eral Controls Co., 450 E. Ohio St„ Chicago, III., 
and 73 E. Tenth St., Holland, Mich. 

COOK, Ralph P, (M 1930) Asst. Supt., Engrg. and 
Maintenance Dept, in Charge of Engrg. Div., 

• Eastman Kodak Co., Kodak Park, and 663 
Seneca Parkway, Rochester, N. Y. 

COOKE, Thomas C. (A 1937) Htg. and Air 
Cond. Engr., • Tomlinson Co*, Inc., 400-402 E. 
Peabody St., P.O. Box 217, and 1118H Eighth 
St., Durham, N. C. 

COOLEY, Edgerton C, (M 1938) Mfrs. Agent, 
Owner, •£. C. Cooley Co., 626 Market St., San 
Francisco, and Box 780 B, Route 1, Los Altos, 
Calif* 

COOMBE, James (A 1932) Pres.. •William 
Powell Co., 2626 Spring Grove Ave., and 2363 
Grandin Rd., Cincinnati, Ohio. 

COON, ThurlowB. (M 1910) Pres., aThe Coon- 
DeVisser Co., Inc., 2061 W. Lafayette, and 826 
Edison Ave., Detroit, Mich. 

COOPER, Dale S. (M 1938; A 1937) Consulting 
Engr., 216 E. Cowan Drive, Houston, Tex. 

COWER, Donald E. (J 1939) Partner, • D. E. 
Cooper & Son, 640 Hood St., and 1605 Olive St., 
Salem, Ore. 

COOPER, John W. (M 1932; A 1925; J 1921) 
Repr., • Buffalo Forge Co., 1598 Arcade Bldg,, 
St. Louie, and 012 Hawbrook Drive, KirkwoM, 
Mo. 

COOPER, William B. (A 1942: J 1037) Appli- 
cation Ei^., Home Htg. and Air Cond. & Com- 
mercial Refrig., • Westinghouse Electric & 
Manufacturing Co., 053 Page Blvd., Springffeld, 
and Bartlett Ave., North wilbraham, Mass. 

COOPERMAN, Edward (5 1940) Student, Car- 
negie Institute of Technology, and •3120 
Avalon St., Pittsburgh, Pa. 

COPPERUD, Edmund R. (A 1942; J 1933) 
Asst. Mgr., Minneapolis Plumbing Co., 1420 
Nicollet Ave., and • 17 West 25th St., Minne- 
apolis, Minn. 

CORNWALL, Charles C. (A 1942; J 1935) 
Research Engr., The Bahnson Co., lOOl S. Mar- 
shall St., and *473 Carolina Circle, Winston- 
Salem, N. C. 

CORNWALL, Georgs I, (M 1919) Sales Engr,, 
Burnham Boiler Corp., 701 Spring St., Elizabeth, 

COiJiKO, JfoMph (A imiJ >933) Kngr., r>ept. 
ot Work,, SncTB. Dq»t., City Hall, and •SS4- 
Slit Ave,, San Francisco, Calif. 

CORRIGAN, James A, (A 1940; J 1935; S 1030) 
Treat., • Corrigan Co,, 2501 W. St. Louis Ave., 
and 7128 Washiiurton Ave., St. Louie. Mo. 

COST, George W. U 1939; S 1938) Engrg. 
Draftsman, Westinghouse Electric 8c Munu- 
facturi^ COm Union Bank Bldg.« Pittsburgti, 
and • First and Foster Ave., North Irwin, Pu. 

COTT, WUOam B. (M 1940) Air Cond. Sale* 
Engr., The Doermann-Roehrer Co., 450 East 
Pearl St., and sSOOl Bellewood Ave., Cincin- 
nati, Ohio. 
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COTTREU., W. H. (A 1940) Gen. Mgr., •Home 
Owners Heating Equipment Co., 2919 Nicollet, 
Minneapolis, and 3148 Webster Ave., St. Louis 
Park, Minn. 

COVER, E. B. (if 1937) Sales Engr., York Ice 
Machinery Corp., 115 S. 11th St., St. Louis, Mo., 
and • 3252 Waverly, East St. Louis, 111. 

COVER, Richard R. (A 1936) Engr., •Mehring 
& Hanson Co., 12 H St. N.E., Washington, D. C., 
and 1914 N. Upton St., Arlington, Va. 

COWARD, Charles W. (M 1935) Pres., • Coward 
Engineering Co., 411 Cooper St., Camden, and 
Cherry Lane, Riverton, N. J. 

COX, Harrison F. (A 1930) Htg. and Air Cond., 
243 Carroll St., Paterson, N. J. 

COX, Samuel F. (M 1939) Tech. Dir., • Double 
Glazing Div„ Pittsburgh Plate Glass Co., 2200 
Grant Bldg., and 6049 Bunkerhill St., Pitts- 
burgh, Pa. 

COX, Vernon G. (A 1939) Dist. Sales Mgr., 
• Century Electric Co., 514 Texas Bank Bldg., 
and 207 Yarmouth St., Dallas, Tex. 

COX, William W. (Life Member; M 1923) Pres, 
and Mgr., • Heating Service Co., Inc., 326 
Columbia St., and 6232-3l8t Ave. N.E., Seattle, 
Wash. 

CRAIG, Joseph A, (J 1940) Sales. • Trane Co.. 
850 Cromwell Ave., St. Paul, and 829 Eighth St. 
S., Minneapolis, Minn. 

CRANE, Robert S. (M 1938) Dist. Engr., eAir 
Cond. Frmidaire Div., General Motors Sales 
Corp., 4 Cummins Station, and 3514 Harding 
Rd., Nashville, Tenn. 

CRARY, James O. (A 1940) Mgr. Comm. Air 
Cond. Dept., • Frigidaire Div., General Motors 
Sales Corp., 4436 Toulouse St., New Orleans, 
and 107 Ridgewood Drive, Metairie, New 
Orleans, La. 

CRAWFORD, Arthur C. (A 1938) Commercial 
Engr., Potomac Electric Power Co., Tenth and 
E Sts. N.W.. and *429 Butternut St., N.W. 
Washington, D. C. . 

CRAWFORD, John H., Jr- (A 1936; J 1930) 
289 Reynolds Terrace, Orange, N. J. 

CRESSY, L. ViUere (M 1940) Partner, •L. 
Villere Cressy & Lewis S. Alcus, Consulting 
Engrs., 916 Union St., and 3217 DeSoto St., 
New Orleans, La. 

CREW, F. D. (J 1941) Pres., sThe F. D, Crew 
Co., Schaff Bldg., Philadelphia, and 753 Concord 
Ave., Drexel Hill, Pa. 

CRIOUI, Albert A.* (M 1919) Chief Engr., Htg, 
and Vtg. Dept., Buffalo Forge Co., 490 Broad- 
way, Buffalo, and • 39 St. Johns Ave., Kenmore, 
N. Y. 

CROFT, Huber O. (M 1941) Head, Dept. Mech. 
Engrg., University of Iowa, 107 Engrg. Bldg., 
Iowa City, Iowa. 

CROLEY, Jack G. (J 1940) Ist Lt.. • 76th Coast 
Artillery, U. S. Army, Fort Bragg, N. C., and 
406 East Temple Ave., College Park, Ga. 

CROMBIE, James (A 1939) Sales Engr., Ameri- 
can Radiator & Standard Sanitary Corp., 
Elyria, and *3901 Oak St., Mariemont, Cin- 
cinnati, Ohio. 

CRONE, Charles E. (M 1922) Pres., • Charles E. 
Crone Co., 1656 N. Ogden Ave., Chicago, and 
R.R. 2, Prairie View, 111. 

CRONE, Thomas £. (Life Member; M 1920) 
Retired, •164th and Chapin Pkwy., Jamaica, 
L. L, N. Y. 

CRONEY, P. Alfred (M 1938) Mech. Engr., 
Region I, U. S. Housing Authority, Old Interior 
Bldg., Washington, D. C., and • 112 Granville 
Drive, Silver Spring, Md. 

CROPPER, Robert O. (M 1938) Supt. of Re- 
frigeration Plants & Htg. Equip., War Dept., 
c /o Post Utilities, Fort Knox, and • Vine Grove, 

CR(JsBY, Edward L. (M 1936) Pres., • Henry 
Adams, Inc., 1015-1023 Calvert Bldg., and 700 
Brookwood Rd., Baltimore, Md, 

GROSS, Freeman G. (M 1936) General Sales 
Mgr,, • Fulton Sylphon Co., and 31 Nokomis 
Circle, Knoxville, Tenn, 


GROSS, Robert C.* (Af 1937) Sr. Combustior 
Engr., Testing Laboratories, • Sears, Roebucli 
& Co., Dept. 817, 925 S. Homan Ave., Chicago, 
and 334 Northwood Road. Riverside, III. 
CROSS, Robert E. (M 1938; A 1931) Dist. Mgr., 
Minneapolis-Honeywell Regulator Co., 172 
Chestnut St., and eOS Kimberly Ave., Spring- 
field, Mass. 

GROUT, Marvin M. (M 1939; A 1938) Sotith- 
eastern Mgr., eYork Ice Machinery ('orp„ 412 
Houston St., P.O. Box 2210, and 22 Brighton 
Rd., Atlanta, Ga. 

CRUMLEY, Mearl T. (M 1941) Mgr., Mech. 
Engrg. Dept., Robert & Co., and • 1722 P(>lari8 
St., Jacksonville, Fla. 

CRUMP, Alvin L. (M 1937) Sales Engr., •Powers 
Regulator Co., 2720 Greenview Ave., Chicago, 
and 2701 Payne St., Evanston, 111. 

CUCCI, Victor J. (M 1930) Consulting Engr., 

• 30 Church St., New York, and 461 55th St., 
Brooklyn, N. Y. 

CULBERT, William P. (A 1929) Partner • Oul- 
bert-Whitby Co„ 2019 Rittenho\i8e St„ Phila- 
delphia, and 929 Alexander Ave., Drexel Hill, Pa. 
CULLEN, A. G. (M 1930; A 1930) Executive, 

• Cullen Co., 20 L St, S.W., Washington, D. C., 
and 6820 North 19th Rd., East Falls Church, Va. 

CULLIN, William W- (M 1938) Chief Engr., 
Home Insulation Div., Johns-ManvUle Sales 
Corp., 22 E^t 40th St., New York, and aSO 
Wildwood Ave., Mt. Vernon, N. V. 

GUMMING, Ford J. (M 1930) Contracting Kngr., 

• Beecher-Cumming, Inc., 88. Ninth St., Minne- 
apolis, and 120 Interlachen Rd., Hopkins, Minn. 

CUMMING, Robert W. (Af 1028) Sales Execu- 
tive, &rco Co., Inc., 475 Fifth Ave., New York, 
and • 81 Alkamont Ave., wScsirdwile, N. Y, 
CUMMINGS, Carl H. (A 1927; J 1926) Pr<‘s.. 

• Industrial Appliance Co. of New England, 
110 Arlington St., Boston, and 41 KdgehilT Rd., 
Chestnut Hill, Maas. 

CUMMINGS, G. J. (M 1923) Vlc<yPre«. and 
Secy., eThe Scott Co., 113 Tenth St., and 851 
Trestle Glen Rd., Oakland, ('alif. 

CUMMINGS, Robert J. (J 1940) Engr. and 
Estimator, • Franck & Erie C'o., 9334 Kinaman 
Rd., Cleveland, and 18109 Mapleboro Ave., 
Bedford, Ohio. 

CUMMINS, Georfte H. (M 1919) Dist. Mgr., 
Aerofin Corp., 1116 United Artists Bldg., Detroit. 
Mich. 

CUMMISKEY, Jerome F. (A 1940) Sales, 
Minneapolis-Honeywell Regulator Co„ 2405 N. 
Maryland, and •4433 N. ('rarner St., Milwau- 
kee, Wis. 

CUMNOCK, H. (A 1938) Prft*.. •Little Rock 
Refrigeration Co., 417 W. Capitol Ave., Little 
Rock, Ark. 

CUNNINGHAM, John S. (A 1041; J 1987; S 
1936) Chief Engr., Dowaglac Steel Furnace co,, 
and •205 Spruce Sc, Dowmgiac, Mich. 
CUNNINGHAM, Thomas mT (M 1931; J 1980) 
Production Mgr.. •Carrier Corp,, 7-122 Mer- 
chandise Mart, Chicago, 111. 

CURL, Robert S. (A 1941) Mgr., Air C«md. 
Dept., Carle Electric Construction Co., 425 Ohio 
Bldj^ and •321 Hillw^^ Drive, Akron, Ohio. 
CURLjBY, Bills L (A 1941) U, S. Naval Reserve, 

• Lehigh University, Bethlehem, and 59 K. 
Lancaster Ave., Ardmore, Pa, 

CURRY, Rotfer F. <7 1940; S 1988) Curtise- 
Wright Corp., and^ •Central y.M,C.A., 43 W, 
Mohawk, Buffalo. N. Y. 

CURTICE, JwuJli. (X JM8) Dl»t. M«r.. .CJtl- 
sens Utflities Co,. 15 W, Fourth St., and 900 

CTOTIS, Herbwt F, a 1984) Sales Mgr., ♦ Auer 
Re^er Co., 8608 Pnytte Ave., Cleveland, and 
^J59 Fomth Ave., Berea, Ohio. 

CUSHING, C. F. (M 193$) Sales Promotion Mgr., 

• The Bryant Heater Co,, 17825 St, Clair Ave., 
and 13415 S. Woodland Ave.. Cleveland, Ohio. 

CUSHING, R. C. (A 1940) Soles Engr., • Mtnne- 
apoU^Honeywell Regulator Co.. lUJO Howard 
Si^ pm Francisco, and 2 Del Mar Ave., Berkeley. 
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CUTLER, Joseph A. {M UUti), (Council 1020-20) 
Pres,, •Johnson Service Co., 507 E. Michigan 
St„ and 4011 N. Lake Drive, Milwaukee, Wis. 


DABBS, John T. (.1 1040) 210 wS. Green St., 
Tupelo, Miss. 

DADDARIO, Prank T. U 1U29) Chief Air Cond. 
Engr., •C'arolina Engineering C\)., 220 Trust 
Bldg., and 104 Briur-t'liff Rd., Durluim, N. C. 
DAFI'ER, Edwin H. (M 1938) Sales Engr., 

• Carrier Corp., 12 South 12th St., and 117 
Crosshill Hd., Overbrook Hills, Philadelphia, Pa. 

DAHLGREN, C^ustave E. (.4 1940) Insulation 
Mgr., •Thorkelsatm Ltd., 1331 Spruce St., and 
492 Spmgue St., Winnipeg, Man., Canada. 
DAHLSTROM, Godfrey A. 01 1927) Asst. ISngr., 
Smith, Hinchman & CJrylls, Inc. and Toltjc, 
King & Day. Inc., Twin City Ordnance Plant, 
St. Paul, and •372l-47th Ave. S., Minneapolis, 
Minn. 

DAITSH, Abe (J 193H> Estimating Enifr., ♦Hen- 
derson-Smart (Pty.), I.td., 143-145 Annan House, 
85 C?ommigsIoncr St., and 100/7 Annan House, 
80 Commissioner St., Jolxannesburg, South 
Afrien. 

DALY, Robert £. (5f 1931) •Ameriam Radiator 
& Standard Sanltsiry Besttcmcr Bldg., 

Pittsburgh, and 271 Kenforest Drive, Mt. 
U;banon. Pu. 

IVAMBLY A. EriMWf (.1 1924;/ 1920 Owner, 

• A. Ernest D’Ambly, 2i0l Architects Bldg., 
and 1835 I)eLanr<y St., Philadelphia, Pa. 

DANIEL, WUlijfcm E. {A 1941;/ 1939) Jr. Partner, 

• E, Ashby ift Co., 20 Upper Ground, Black- 
friars, Lonmm, and 9 Dudley House, Westmore- 
land St.. Lemdon, W.l, England. 

DANIELSON, WUmot A.* (.W 1935) Brig. (Jen., 
U. S. Army, e/o Mcniphia (Jeneml Depot, 
Mempliis, Tenn. 

DARLING, A. B. (A 1929) C'omptrolkr, •Darling 
Brothers, l.id., 140 Prince St., and 4(K)9 CJrcy 
Ave„ Montreal, Que., ('aimda. 

DARLINGTON, Mlmn P. (A/ 1930) Mgr., Power 
Ktjuipment Div., • Amerlain Blower (, orb., 5000 
Ruatell ik., and 1751 1 ikntn Rosa Drive, Detroit, 
Mich. 

DARTS. John A, (A/ 1919) Kewanee Boiler Co., 
Inc., 101 Park Ave., New York, N. Y. 
DASING, Emil (M 1937) Design Engr., Sears, 
Roebuck 8c Co„ 925 S. Homan Ave., and •4729 
N. Talman Ave., C'hicago. 111. 

DAUBER, OiKsir W. (Af 1937) Consulting Engr., 

• 224 S. Mkhignn Ave., (Chicago, and 360 
Winnetka Ave., winnetka, UL 


Mich, 

DAVBY, G«oBmy 1. (Af 1937) Consulting Engr., 
• Haskins. Davey it, A, <J. Gutterldge, 00 Hunter 
St., and *^Netherby/‘ Bangallu St., Warrawte, 
Sydney, Australia. 

DAVIDSON, John G. (Ai 1940; A 1940; / 1936) 
Jr. Htg, ik Air i'otm. En|v., Building Dept., 
City oTMinoeapoUiii. 213 City Hall, and #4708 
Isabel Ave., Mmncaiadiii* Mmn. 

DAVIDSON, U aiflord (Af 1927) Assoc. Dist. 
Mgr., • Buffalo Eorge Cih. 220 Sou^ 16th St., 
Rdladelphia, and Winding Way, Merion, Pa. 

DAVIDSON, Philip L, CM 1924; /^I02t> t on- 
sulUng Kngr., llloo Watnut St„ PhiladelptUu, 
and • New Hope, Pa. 

DAVIBB, Geonie W, (M HI18) Mgr., W. 
Davies & (to.* 19 Maei.«ui:ittn St.. Dunlin, Ct.l, 
and P.O, Box 390, Dun^n, N.2. CoHuiwood, 
Macamlmw Bay, New Zealand. 


DAVIES, lU^MMOd II, (M 1939) (Jus. Htg. 
,\dvlsrr, The (tolotdal 0^ Amn^ Ltd., 
Collins St„ MelbtHtrne, and • '^Hardands,** 
5 Wtlismere Hd„ Kew, Vicioria, Australia, 
DAVIS, Arthtir P, (K 1934) Johnson & 

Davis Humblng R Heating Co„ OTO AmpaUoe 
St.* and 1901 Ivanhoe St.* Denver, Colo. 


DAVIS, Bert C. (Lz/r Member; M 1904) (Council, 
1917) Pres.-Treas., American W^arming & Venti- 
lating Co., .317 Pennsylvania Ave., Elmira, and 

• Big Flats, N. Y. 

DAVIS, Calvin R. (Af 1927) Branch Mgr., 

• Johnson Service Co., 2328 Locust St., and 7634 
Westmoreland Drive, St. Louis, Mo. 

DAVIS, Charles {M 1938) Engr., Rathe Heating 
Corp., 700 Elton Ave., and ^245 East 180th 
St., New York, N Y. 

DAVIS, Donald W., Jr. (/ 1930) Dist. Mgr., 

• B. F. Sturtevant Co., 832 Empire Bldg., and 
1803 W. Wisconsin Ave., Apt. 28, Milwaukee, Wis. 

DAVIS, Edward James (/ 1938) fkiles Engr., 
Gurney Foundry Co., Ltd., 4 Junction Rd., and 

• 224 St. Clements Ave., Toronto, Ont., Canada. 
DAVIS, George C. (iVf 1939; .1 1939; / 1930) 

Vicc-Pres., • Northern Public Service Corp., 
Ltd., 307 Power Bldg., and 300 .Vsh St., Winni- 
peg, Man., Canada. 

DAVIS, George L., Jr. (.1 1938) Estimator, R. L. 
Spitzley Heating Co., 1200 W. Fort St., Detroit, 
and • 1300 Wayburn St., Grosse Pointe Park, 
Mich. 

DAVIS, Joseph (M 1927; .1 1920) Owner-Pres., 
Engr. and Contractor, •Davis Refrigeration 
Co., Inc., 70 W. Chippewa St„ and 100 Hunting- 
ton Ave., Buffalo, N. Y. 

DAVIS, Keith T. (M 19.37) Chief Engr., eL. J. 
Mueller P'urnace Co., Milwaukee, and 1600 E. 
Marion, Shorewood, wis. 

DAVIS, Otis E. (Af 1929; .1 1926) Sales Engr., 

• Hoffman Sr)ecialty Co., Box 98, and 1602 
Fourth Ave., Scottabliiff, Nebr. 

DAVIS, Robert J. (M 1939; .1 1933) .-Xsaoc. Naval 
Archt., Puget Sound Navy Yard, and •OO 
Galyan Dri\"e, Apt. (?, WVstpark, Bremerton, 
Wash. 

DAVIS, Telford R. (J/ 1942) Mech. Engr., 
Indianapolis Power 8: Light Co., and •1311 N. 
Drexcl, Indianapolis. Ind. 

DAVISON, Robert L- (Af 1034) Dir. Housing 
Rcitearch, • John B. Pwret* Foundation, 40 West 
40th St., New York, and Meadow CJlen Rd., 
Fort ^klonga, L. L, N. Y. 

DAWSON, Eugene P. (A/ 1934) Pn>f. of Mech. 
Engrg., •Uxuversity of Oklahoma, and 229 E* 
Frank St., Norman, Okla. 

DAY, Harold C, {A 1934) Sales Office Mgr.. 
American Radiator & Standard Sanitary Corp., 
1807 Elmwood Ave., Buffalo. N. Y. 

DAY, Irving M. (A 1936) Sales Engr., • Binks 
Manufacturing Co., 718 Mills Bldg., Washington, 
D. C., and 405 Cumberland Ave., Chevy Chase, 
Md. 

DAY, V. S.*(M 1024) Asst, to Vlce-Prcs., • Carrier 
Corp., S. CJeddes St., and 316 Highland Ave., 
Syracuse, N. Y. 

DB^, Churl H. CM 1936) Htg. Engr,, •Oklahoma 
Natural Cm (Jo.* F.O. Box 871, and ICH) F^ist 
20th Place, Tulsa. Okla. 

DEAN, Charles L* <A/ 1932) Asst. Prof. Mech. 
Kngr., University of Wisconsin, ii05 University 
Extension Bldg., and • 102 Grand Ave., Madi- 
son, W'ls. 

DEAN, Frank J,, Jr. (A 19-42; / I935j .V 1934) 
Pres.* Dean-Hagny Corp., 14th 8c Magee St., 
and ♦6028 Walnut St., Kansas City* Mo. 
DEAN, Marshall H. U 1938: A' 1936) Chief Engr., 
Hotel President, 14tn and Baltimore, and * 1030 
West 65th St., Kansas City, Mo. 

DaBERARD, Philip E. (A 1939) Pres., # Con- 
ditioned Air Systems, Inc,, 1209 Washington 
Ave.. and 1609 Tenth St.. Wilmette, Hi. 

DEB, Lao H. (/ 1937) Engr., L. P. Gmner (Con- 
suiting Kngr.), 40 ]^t 49th SL, New York, and 

• 94 8. Highland Ave., <^nlng, N. Y. 
DEEVES, Edward W. (/ 1940) Partner, •Frtni 

Deeves Ik Sons, 1422A'"l7th Ave. W„ and 2403 
3M St, W., Calgary, Alta., Canada. 

DM^AND, Charlea W, (A/ 1924; / 1923) S<*cy.- 
Treas., aC. W. Johnson, Inc., 211 N. Desptaines 
St., and 2021 !l^tes Ave,« Chicago, IIL 
DELANY, John V. 1/ 1941; .S* 1938) DmfUmun, 
Sylvania Industrial Corp., and #1114 Prince 
Edward St., Fredericksburg, Vu. 
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DeLAUKEAL, 'William David (J 1940) Mgr.. 
Air Cond. Dept., Gulf Engineering Co., Inc., 
916 S. Peters St., and •4821 Pitt St., New 
Orleans, La. , _ 

DELL’ORTO, Luciano (A 1940; J 1938) Engr.. 
Refrig. Branch, Ing. Giuseppe Dell’Orto, 18 
Via Merano, Milano, (139) Italy. , _ 

DEMAREST, Richard T. (J 1938) Sales Pro- 
motion, • Fitzgibbons Boiler Co., Inc., 101 
Park Ave., and 11 Marble Hill Ave., New \ork, 
N. y. 

DEMETER, Julius (A 1939) c/o Julio Donoso D, 
Calle Catedral 1472, Santiago, Chile. 

DEMING, Roy E. (M 1941; A 1939) Chief ^gr.. 
Premier Furnace Co., and slO? Jay St., Dow- 
agiac lAich 

DEMPSEY, Stephen J. (A 1938) Stepl^n J. 
Dempsey Co., 79 Harvard St., Battle Creek, 
Mich. 

DENHAM, Howard S. {M 1939) Consulting Engr., 
Cleverdon, Varney & Pike, 46 Comhill St., 
Boston, and • 80 Dexter St , Malden, Mass. 
DENNY, Harold R. (A 1934) Eastern Merc^n- 
dise Mgr., • American Blower Corp., 50 West 
40th St., New York, N. Y., and 429 Edgewood 
Ave., Westfield, N. J. ^ ^ ^ 

DEPPMANN, Ray L. (A 1937) Owner, •R* L. 
Deppmann Co., 5863 Hamilton Ave., and 13201 
Cloverlawn Ave., Detroit, Mich. 

DERER, Bernard (A 1940) Designer and Esti- 
mator, Sheet Metal Construction, New Bruns- 
wick Roofing & Cornice Works, 8-10 Jelin St., 
New Brunswick, N. J., and • 1648 East 31st St., 
Brooklyn, N. Y. , ^ 

DeROO, WiUiam C. (A 1939) Research & 
Design Engr., • Hart & Cooley Manufacturing 
Co., and 567 Central Ave., Holland, Mich. 
DeSALES, Montelro, Jr. (M 1939) Chief Engr., 

• Isnard & Co., Rua de Lavradie 67 1®, and Rua 
Senador Vergueire 193 2®, Rio de Janeiro, Brazil. 

DeSOMMA, A. Edward (J 1937), Asst. En^., 
Navy Dept., Bureau of Ships, Washington, D. C., 
and • 1002 Flower Ave., Takoma Park, Md. 
DesREIS, John F. (M 1936) Regional Mgr., 
Latin America, Carrier Corp., Syracuse, and 

• 103 Huntleigh Park Dr., Fayetteville, N. Y. 
DETERLING, W. C. (A 193^ Section Head, 

Industrial Dept., •General Electric Co., 670 
Lexington Ave., New York, and 32 W. Milton 
St., Freeport, L. I., N. Y. 

DEVER, Henry F. (M 1936; A 1935) Vice-Pres. 
in charge of Engrg., Minneapolis-Honeywell 
Regulator Co., and •4609 Edina Blvd., Minne- 
apolis, Minn. 

DeVILBISS, Parker T. (A 1937) Engr., eR. E. 
Griflath Theatres, Inc., 7th Floor, Tower Petro- 
leum Bldg., Dallas, Tex., and Hobbs, N. M. 
DEVLIN, John (M 1940) Partner, • Devlin 
Bros., 1003 Maritime Bldg., and 706 S. Carrollton 
Ave., New Orleans, La. 

DEVORE, Angus B. (A 1937) Sales Emor,, 

• James A. Messer Co., Inc., l206 K St. N.W., 
and 4817-36th St. N.W., Washington, D. C. 

PEWEY, Ritchie P. (M 1934) Mgr., Aircraft 
Products Div., • Barber-Colman Co., and 2301 
Oxford St., Rockford, 111. 

DeWITT, Earl S. (A 1936) Branch Mgr., • Ameri- 
can Blower Corp., 438 Woodward Bldg., and 3224 
Oliver St. N.W., Washington, D. C. 

DIAMOND, David D. (A 1942; J 1937) Partner, 

• Diamond-Neil Heating & Air Conditioning 

Co. J99 N. Snelling Ave., and 396 S, Pascnl Ave., 
St. Paul, Minn. . 

DIBBLE, Samuel E.* (M 1917) (Presideniial 
Member) (Pres., 1925; 1st Vice-A-es*. 1924; 
2nd Vice-Pres., 1922; Council, 1921-26) Supt„ 
Thomas Ranken Patton School, Elizabethtown, 
Pa. 

DICK, Harold S. (7 1942; 5 1940) Air Cond. 
Engr., Hamilton Engineering Co., 1236 Ih^rk 
Ave., and •1235 Park Ave., Hoboken, N. J. 
DIGKASON, Gray D. (M 1938) Pres.-Treas.. 

• Genesee Heating Service, Inc., 960 Mercantile 
Bldg., and 140 Windemere Rd.. Ro^ester, N. Y. 


DICKENS, Lester A. (.4 1941) Treas., • Dickens 
Scheufler Burens, Inc., 3959 Mayfield Rd., and 
3710 Grosvenor Rd., Cleveland Heights, Ohio. 
DICKENSON, Malcolm B. (M 1930) Pres, and 
Gen. Mgr., • Livingston Stoker Co., Ltd., 33 
Sanford Ave. S., and 904 Cumberland Ave , 
Hamilton, Ont., Canada. . . ^ ^ 

DICKEY, Arthur J. (,M 1921) Vice-Pres. and Gen. 
Mgr., C. A. Dunham Co., Ltd., 1523 Davenport 
Rd-, and *9 Mossom Place, Toronto, Ont., 
Canada. 

DICKINSON, Robert P., Jr* (7 19.38) Warehouse 
Mgr., •Burnham Boiler Corp. of Ohio, .301 
Brushton Ave., Pittsburgh, and 219 Meade St., 
Wilkinsburg, Pa. 

DICKSON, Donald R. (S 1941) Student, •Pur- 
due Umversity, 208 Littleton St., West Lafayette, 
and 44 East 37th St., Indianapolis, Ind. 
DICKSON, George P. (A/ 1919) Vice-Pres., 

• B. F. Sturtevant Co. of Canada, Ltd,, 137 
Wellington St. W., and 790 EgUnton W., Toronto, 
Ont., Canada. 

DICKSON, Robert B. (M 1910) Pres., • Kewanec 
Boiler Corp., and 146 E. Division St., Kewanee, 

DICKSON, Robert W., Jr, (7 1938) Ut Lt. 
Infantry, •132nd Service Unit, Monde Dept., 
Fort Geo. G. Meade, Md., and 1841 Oliver Bldg., 
Pittsburgh, Pa. 

DIETER, George H. (M 1941) Salw Engr.. eThe 
Fluor (Jozp., Ltd., 1601 Mellic Bldg., 

and 3104 Lafayette St., Houston, Tex. 

DIETZ, C. Frw (M 19^) Sales Engr., • Haynes 
Selling Co., Inc., 1124 Spring Garden St., and 
1216 Allengrove St., Philadelphia, Pa, 

DILL, Richard S.* (M 1939) Assoc. Mech. Engr., 
National Bureau of Standards, W^ashington, 
D. C., and • 1603 S. Springwood Drive, Sliver 
Spring, Md. 

DILLENDER, Eujlcne A. (A/ 1939) Asst. Engr.. 
United States Engineer Office, and ellAa 
Menlo Ave., Los Angeles, Calif. 

DION, Alfred M. (M 1937) Sales Engr., • Trane 
Co. of Canada, King and Mownt Sts., and 640 
Russell Hill Rd., Toronto, Ont., Canada. 
DISNEY, Melvin A. U 1034) Assoc. Engr., 
Htg. and Vtg., U. S. Engineer, Galveston, and 

• 612 Tenth Ave. N., Texas City, Tex. 

DISTEL, Robert £. (M 1041; A 1941; 7 1938) 

Gen. Mgr., Distel Heating Equipment Co., 404- 
406 Kalamazoo Plaza, Lansing, and 647 Hailey 
St., East Lansing, and •?. O. Box 133, Lansing, 
Mich. 

DIVER, M. L. (M 1926) Consulting Engr., P. O. 

Box 1016, San Antonio, Tex, 

DIXON, Arthur G. (M 1928) Sates Mgr., 

• Modine Mfg. Co., and 442 Wolff Kt., Radne, 
Wis. 

DODDS, Forrest F, {M 1920) Mgr., s American 
Radiator & Standard Sanitary Corp., 1023 
Grand Ave.» and 4600 Mill Creek, Kansas 
City, Mo. 

DODGE, Harry A. (M 1036) Elec. Engr.. a H. 
Kress & Co., 114 Fifth Ave., and •614 West 
End Ave., New York, N. Y. 

DOERING, Frank L, (M 1919} Sales Kepr., 
American Radiator & Standard Sanitiiry Corp., 
238 Boston Ave., Lynchburg, Va, 

DOLAN» Rsomaond G. CM 1926j 7 1922) Secy.- 
Tre^, sTom Dolan Heating Co„ Inc., 01 4.16 
W. Omnd, and 7(^ Nonhwest 40tli« Okhthoma 
City, Okla. 

DOLAN, Wgtom H. (A 1941: 7 X»2T) Pres, and 
Trew., •The Jenntiion Co,, 17 Putnam St., and 
65 Highland Ave., Fitchburg, Mass* 

DOME, O, U 1938: 7 1996) Air i>nd, 
^gr., Bryant Air Condluoninf Corp»» 915 N. 
Front St., and • 1$ jEtoumford Rd„ Phitadelphta, 

DOMJLSON, WIlHam N, </ 1937) Sales 

• ModUne Manufacturing 633 S, Fifth 
and 2082 Dougtoa Blvd,, X^vllk* Ky. 

DONNEU^Y, Mfmlnri M 1964) 


22 



ROLL OF MEMBERSHIP 


DONNELLY, Russell (A/ 1923) Sales Engr., 
Nash Engineering Co., Graybar Bldg., 420 
Lexington Avc., New York, N. Y. 

DONOHOE, Charles F. (A/ 1941) Engr., Central 
Htg. Dept., •The Detroit Edison Co., 2000 
Second Ave., Detroit, and 10005 Lincoln Drive 
W., Huntington Woods, Mich. 

DONOHOE, John B. (A 1937; J 1935) Engr. 
and Estiinatoi, •H. F. Donohoe Co„ 51 Albany 
St., Boston, and 23 Primrose St., Rosllndale, 

MavSB. 

DONOVAN, Wmiarn J, (.1 1930) 2239 North 27th 
St., Philadelphia, Pa. 

DORPAN, Morton I. (Af 1929) Dust Control 
Specialist, Pangborn Corp., 004 Chamber of 
Commerce KIdg., and •1217 Malvern Ave., 
Pittsburgh, Pa. 

DORNHEIM, Ci. A. (xU 1912; J 1900) Buensod- 
SUicey Air Conditioning, Inc., 00 East 42nd St., 
New York, and • 15 Hamilton Avo., Bronxville, 
N, Y. 

DORSEY, Francis C. (A/ 1920) Pres., •Fnmeis 
C. Dorsey, Inc., 4520 Schenley Rd., and 212 
Gittings Ave„ Baltimore, Md. 

DOSTER, Atetls (A 1934) Vlce-Pres. and Secy., 
The T(>rringtt>n Manufacturing Co., 70 Franklin 
St., Torrington, Conn. 

DOUGHTY, Charles J. (M 1925) Mgr.» •C. J. 
Doughty & Co., 30 Brenan Rd., and 1202 Ave. 


JoOfre, Shanglmi, China. 

DOUGLAS, Howard H. CA 1930) Air Cond. 
Engr., •Southern (tulift^rma Edison Co., 001 W. 
Fifth St., and 2317 Kelton Ave., Los Angeles, 
Calif. 

DOVENER, Robert 1941) Engr.. •Atchison 
ik Keller, 1410 Irving St. N.W., Washington, 
D. C., and 5012 Vorktown Rd., Greenacres, Md., 


P.O. Friendship Station, D. C. 

DOWDELL, J. R, (.1 1941) Ownw, J. R. Dowdell 
ik Co., m .Santa Fe Bldg., Dallas, Tex. 
DOWDY. Rufus B. (A/ 1939) Sales Engr., 

• Haydn Myer V<u, Inc., P.O. Box 740, and 201 
Capiujl Pkwy.f Montgomery, Ala, 

DOVI^ER, Edward A. {M 1937) Ist Lt.. Can- 
adian Army, Royal C*anadlan Engineers, and 

• 9 Prince Arthur Avc„ Ttmmto, Out., Canada. 
DOWNS, Edwnrd R, <M 1927) Chief Engr., 

• Bryant Heater Ou, 17825 St, ('lair Ave., 
Cleveland, and Bell Rd., Clutgrin Falls, Ohio. 

DOWNES, Alfred H. {A 1937) liraftsman, Gay 
Engineering Corp,, 3739 East lUh St., and 

• 1342^ Bond St., Um Angeles, (^alif, 
DOWNES, IL H. (M 1923) l>Bt. Mgr.. •American 

Blower Corp., 438 Woodward Blog., and Ivce 
Sheraton Hotel, WashingUm, D. C. 

DOWNES, Nsiu W. <M 1917) (Council, 1928-80) 
Asst. Supt. in C'harge of Bldgs, and Grounds, 

• Scliool IMst. of Kansas City, Mo„ 317 Finance 
Bldg., and 3U9 East 08th St., Kansas City, Mo. 

DOWNINCL camronoo B. (A 1938) Secy-Treas., 

• N. B, Downing Co., Jefferson Ave. Foster 
St., and Clark Ave,, Milford, Dei, 

DOWNS, Chsurlet R* (A/ imj Vlce-Pres.-Se«>%. 

• Weiss Be t>wwns. Inc., 50 East 41st St., New 
York, N, Y.* and 5 Sylvan Lane, (Xd <»rt*enwlcU, 
Conn. 

D<>WNS, $ew«U n. (U 1931) (Coimclt, 1935-41) 
Chief Engr,, Ctarage Fan Co., and # 1503 Spruce 
Drive, Kalamaswnr Mloh, 

DRAmt it E. (M 1949) Hobbell HIdg., X>es 
Moittes, Iowa, 

DRAKE, George M. (A 1940: J 1030) VRe-Pres,, 

• George H, Drake, lnc„ 218 Lexington Ave,, 
ButTHto, and M RenwfKx) Ave,, Kenmore, N, V. 

DREHER, Lmtiii F, (/ 1943; X 1938) 4810 Mar- 
garetia Ave., St. I.4 HiIs, Mo. 

DREECflER, P, E, (A 1938) Asst. Engr,, •Realty 
Maimgement 0>„ 338 Bankers* Mortgage Bldg., 
and 3795 lh«tty St„ Ilouston, Tex, 
DRESSEIX, Ruaeell E, (A 1938) Meeh. Engr.. 
Rlm Dlstler Cu., Inc^ ilO N, (ialven St„ and 
E. Preston St„ Baltimore, Md, 
DRKEMEYBR. Ray 0. (A 1942; J 1937) Engr., 
Ai^herm Mfg, Co„ 7W S. Spring Ave., nmi 
eiHlO Vernon Ave., St, Louis, Mo, 


DRINKER, Philip* (M 1922} Prof, of Industrial 
Hygiene, • Harvard University, School of Public 
Health, 55 Shattuck St., Boston, and Pudding- 
stone Lane, Newton Center, Maas. 

DRISCOLL, William H.* (Af 1904) (Presidential 
Member) (Pres-, 1926; 1st Vice-Prcs., 1925; 2nd 
Vicc-Pres., 1924; Treas., 1923: Council. 1918; 
20-27) Vice-Pres., •Carrier Corp., Syracuse, 
N, Y., and 50 GIcnwood Ave,, Jersey City, N- J. 
DRUM, Leo J., Jr. (J 1939) 2nd Lt., Q. M. C., 
Air Corps Advanced Ikying School, Selma, and 

• 7 Gilmer Ave., Montgomery, Ala. 

DuBOIS, Louis J. (M 1931) Air Cond. Engr., 

York Ice Machinery Cf>rp„ 117 South 1 1th St., 
St. Louis, and *7451 Bland Drive, Clayton, Mo. 
DUBRY, Ernest E. (AJ 1924) Asat. Supt., Central 
Htg., Detroit Edison Co., 2000 Second Ave., and 

• 9116 Dexter Blvd., Detroit, Mich. 
DuCHATEAU, Manuel F. (A 15)42; J 1938) 

Mgr. Htg. Dept., •Crane Co., Washington St. 
Viaduct, and 737 Barnett N.E., Atlanta, Ga. 
DUDLEY, William H., Jr. (.4 1940) Diet. Mgr,, 
The Trane Co., 2831 Audubon St., New Orleans, 
La. 

DUFAULT, Felix H, CA 1030) Mgr., Furnace 
DIv., • General Steel Wares, Ltd., 2366 Delisle 
St., and 5115 Bordeaux St., Apt. 6. MontreaU 
Oue., Canada. 

DUGAN, Thomas M. (M 1920) Sanitary Htg. 
Engr., National Tube Co., Fourth Ave. and 
Locust St., and *1308 Freemont St., McKees- 
port, Pa. 

DULLE, Winfred L. (A 1042; J 1936) Asst. Sccy„ 
E. K. Souther Iron Co., 1952 Kicnlcn Ave., St. 
Louis, and •2910 Lincoln Ave., Normandy, Mo, 
DUNCAN, William A. </l 1930) Mgr. Process 
Service, • Dominion Oxygen Co., Ltd., 159 Bay 
St., and 71 Jackson Ave., Toronto, Ont., C'anada. 
DUNHAM, Clayton A.* (Life Member; M 1911) 
Pres.-Treas., *0. A, Dunham Co., 450 E. Ohio 
St., Chicago, and 160 Maple Hill Rd., (Jlencoe, 

DUNLAP, A. Leo (M 1940) Assoc. Prof, Mech. 
Kngrg., •Tuhine University, and 1318 Nashville 
Avc., New Orleans, I.a. 

DUNNE, RusseU V. D, (M 1937) Chief Engr., 

• International Div., Carrier Corp., S, Geodes 
St., and 216 Roblneau Rd., Syracuse, N. Y. 

DUPLANT, Jean L. (A 1940) • WeBtinghouse 
Electric Co. of India, 294 A Basargate St., 
Bombay, India, and 137-43 219th St„ Sprtng- 
ftdd Gardens, L. I„ N. Y. 

DUTOHER, Harvey S. (A 1038) Air & Refrige- 
ration, Inc., 476 FFth Ave,, New York, and 

• 3420 Clarendon Rd., BrooWyn, N. V. 
DWYER, Thotnaa P. (M 1923) Chief, Htg. and 

Vtg. Div., • Board ox Education, 49 Matbush 
Ave. Ext., Brooklyn, and 82 Iris Ave., Floral 
Park, L. L. N. Y. 

DYER, WllfrW S. (A 1939) Partner, •!!. W. 

Dyer & Son, 92 Byron St., Battle Creek, Mkh, 
DYKES, James E* (A 1939; J 1936) Vi«^Pre«„ 
•T. A. Morrison fk Co., Ltd., 1070 Bleury St., 
and 3166 Maplewood Ave,, Montreal, Due., 
Canada. 


EADIE, J. G. (M 1909) Consulting Engr., • Radirs 
Freund & Campbell, 110 West 4()th St„ New 
York, N. Y., and U Blackburn Rd., Summit, 

Sterllna P. 10aa> Cltl.f KnKr. 
and Bldg. Supt,, National Gallery of Art, 
Seventh and Constitution Ave., una •3622 b 
St, N.W., Washington, D. C, 

EARL, Warren (A 1986) Owner, Warren Karl 
3409 McKinney, and « 616 Fargo Ave., Houston. 
Tex. 

EARLE, FrwdeHc E. (M 1937) Owner, •Frederic 
E, Earle Co„ SOS Norman St., Bridgeport, and 
1689 Main St., Stratford, Conn. 

EASTMAN, Carl B. (M 1932: / 1929) Sales Engr., 
• C, A. Duntwim <io„ 1600 Walnut St., PlUlu- 
ddpbla; and 530 Brook view Lane, Brooklin*:, 
Delaware Co„ Pa. 
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EASTWOOD, E. O. (A/ 1921) (1st Vice-Prcs., 
3941; 2nd Vice-Pres., 1940; Counal, 1931-33; 
1937-41) Prof, of Mech. Engrg., • University of 
Washington, and 4702-12th Ave N.E., Seattle, 
Wash. 

EASTWOOD, Harry F. 1925) Mgr., Anthra- 
dte Industries Exhibit, Anthracite Industries, 
Inc., 101 Park Ave., and Chrysler Bldg., New 
York, and alS? Frankel Blvd., Merrick, L. I., 
N. Y. 

EATON, Byron K. (M 1920) Sales Mgr., Delco 
Heat Div., Omaha Appliance Co., 18 and St. 
Mary’s Ave., and •817 South 38th St., Omaha, 
Nebr. 

EATON, Waiiam G. M. (M 1942; A 1934) Sales 
Engr., Pease Foundry Co., Ltd., 227 Victoria St., 
and aSOO Wellesley St., Toronto, Ont., Canada. 
EBERT, William A. {M 1920) Partner. « Ebert 
Air Conditioning, 1026 W. Ashby Place, and 2151 
W. Kings Highway, San Antonio, Tex. 

EDGE, Alfred J. (M 1938) Engr. in Charge Htg. 
and Air Cond., • John F. Reynolds, Consulting 
Engr., Duval Bldg., Room 316, and 2864 Olga 
Place, Jacksonville, Fla. 

EDWARDS, Arthur W. (M 1936) Dist. Mgr., 
The Trane Co., 626 Broadway, and *3423 
Paxton Ave , Cincinnati, Ohio. 

EDWARDS; Don J. (A 1933) Vice-Pres.. • General 
Heat & Appliance Co., 596 Commonwealth 
Ave., Boston, and 8 Devon Terrace, Newton 
Centre, Mass. 

EDWARDS, Junius David* (M 1936) Asst. Dir. 
of Research, •Aluminum Co. of America, P.O. 
Box 772, New Kensington, and 536 Sixth St., 
Oakmont, Pa. 

EDWARDS, P. A. (M 1919) Pres., •G. F. 
Higgins Co., 608 Wabash Bldg., and 3074 Hne- 
hurst Ave., Pittsburgh (16), Pa. 

EGGERS, WilUam K. (5 1941) Student, 134 
N. Broadway, Yonkers, N. Y. 

EGGLESTON, Herbert L. (M 1938) Mgr., Gas 
and Refining Depts., Gilmore Oil Co., 2423 East 
28th St., Los Angeles, and • 1017 Cumberland 
Rd., Glendale, Calif. 

EHLERS, Jacob (A 1939; J 1937) 73 Beresford 
House, Main St., Johannesburg, ^uth Africa. 
EHRENZELLER, Adolph (Af 1924) Consulting 
Htg. Engr., Owner, eA. Ehrenzeller, 329 Wash- 
ington St., Dorchester, and 23 Parklawn Rd., 
West Roxbury, Mass, 

EI^ICH, M. William* {M 1916) Chief Engr., 
Commodore Heaters Corp., H West 42nd St., 
New York, N, Y., and #56 Ridge Rd., Lynd- 
hurst, N. J. 

BICKER, Hubert C. (M 1922) Chief School 
Plant Div., Dept, of Public Instruction, and 

• ^7 North 30th St., Harrisburg, Pa. 

EISELE, Dudley E. (A 1938) Owner, •Eisele 

Engineering Co., 427 W. College Ave., and 1735 
N. Morrison St., Appleton, Wis. 

EIS^S, Robert M. (M 1933; / 1930) Mech. Engr., 
amberly-Clarfc Corp., P. 0. Box 31, and • Route 
1, Adella Beach, Neenah, \?^8. 

BRINGS, Robert M„ Jr. (M 1938) Engr., 
General Electric Co., 5 1-awrence St„ Bloomfield, 
E^ssex Fells, N. J. 

EKLUND. Karl G. (M 1938) Consulting Engr., 

• Karl G. Ekiunds Ingeniorsbyra A.B., Brunk- 
^ergstorg 15, Stockholm, and Storangen, 
P^kvagen 19, Sweden. 

(J 1940) Design Engr., Leo S. 
Weil & Walter B. Moses, Cons. Engrs., 426 S. 
mers St., and ^2222 Dublin St., New Orleans, 

Consulting Engr., 

• St., Room 700, Los Angeles, 
Robles Ave,, Pasadena, Calif. 

Edwin (M 1929) • Edwin Elliot & Co., 
660 North 16th St„ and 403 W. Price St., 
Philadelphia, Pa. 

EIXIOIT, Irwin (A 1937) Chief Engr., Universal 
Oven Co., 271 Broadway, New York, and • 103 
Penfield Ave., Croton, N- Y. 

ELLIOTT, Norton B. (A 1934) Sales Engr., 

• Ameri<an Blower Corp., 632 Fisher Bldg.. 
Detroit, Mich. 


ELLIS, Fred E. (JlJf 1923) Sales Mgr., • Imperial 
Iron Corp., Ltd., 30 Jeffezson Ave., and 9 Prince- 
ton Rd., Kingsway P.O„ Toronto, Ont., Canada. 
ELLIS, Frederic R. (M 1913) Buerkel & Co.. 
Inc., 18-24 Union Park St., Boston, and • 131 
Beacon St., Hyde Park, Mass. 

ELLIS, G. P. {M 1935) Dist. Mgr., Combustion 
Engineering Co., Inc., Gwynne Bldg., and *1118 
Delta Ave., Cincinnati, Ohio. 

ELLIS, George W. (J 1940) Engr., Acme Heating 
& Ventilating Co., 4224 S. Lowe Ave., and • 4004 
S. Artesian, Chicago, 111. 

ELLIS, Harry W. (Life Member; M I92;i; A 1909> 
Chairman of the Board, Johnson Service Co.. 
507 E. Michigan St., and *2317 E. Wyoming 
Place, Milwaukee, Wis. 

ELWOOD, Willis H. (M 1936) Brancli Mgr., 
Holland Furnace Co., 209 King St., Itliacji, N. Y. 
ELY, Roland & (.S' 1940) Student, Miciiigan 
State College, and •625 Charles St., East 
Lansing, Mich. 

EMANLTELS, Mason (J 1939) Sales Engr., Pacific 
Scientific Co., 25 Stillman St., Sati Francisco, 
and •2516 Stockbridge Drive, Ckkiand, Calif. 
EMERSON, Ralph R. (M 1922) Pres., Emerson 
Swan Goodyer Co., 712 Beacon St., Boston, and 

• 44 Whitney Rd.. Newtonville, Mass. 
EMMERT, Luther D. (M 1919) Sales Repr., 

• Buffalo Forge Co., 20 N. Wacker Drive, 
Chicago, and 1704 Hinman Ave., Evanston, 111, 

ENDERS, Clarence E. (A 1938) •1813 Soiitlieast 
60th Ave., Portland, Ore. 

ENGDAHL, Richard B.* {J 1938) Rcsciirch Engr., 

• Battelle Memorial Institute, 506 King Ave., 
and 1243 Glenn Ave., Columbus, Ohio. 

ENGLE, Alfred (A 1923) Secy,, •Jenldns Bros., 
80 White St., New York, and 1 Kdgewood Rd., 
Scarsdale, N. Y. 

ENGLISH, Harrold (M 1936; A 1930) Pre^, 

• English & I.auer, Inc., 1078 S. Los Angeles 

Norton Ave., Los Angeles, C«lif. 
ENSIGN, WiUis A. (M 1935) Vicc-Pres., Frontier 
Engineering Corp., 986 Ellicolt Square Bldg., 
Buffalo, and • Shadagee Rd., Eden, N. Y. 
ERICKSON, Harry H. (A 1929) .Sales Engr.. 

• Haynes 55clUng Co.. Inc., 1124 Spring Garden 
St., Philadelphia, and 26 Kagle School Rd., 
Strafford, Pa. 

ERICSSON, Eric B. (M 1933) Engr.-Custodian, 
Board of Education, and ♦6720 Cregier Ave*., 
Chicago. 111. 

ERIKSON, Harald A. (M 1939) Vice-Pres., AH. 
Svenska Flaktfabriken, KungagatJin 15-18, Stock- 
holm, and • Nockebyvagen 61, Nockeby, Swe- 
den. 

ERISMAN, Perclval H,. Jr. (M 1036) Vice-Pre#., 
•Wasjungton RefrigeraUon Co., 1733-Mth St. 
N.W., Washington, D. C., and 4 Waltonway Rd., 

^ Belle Haven, Alexandria, Va. 

ESCHENBACH, P. (J 1036) let Lt., fl2nd 

ESPENSCHIED, Frederic F. (if 1940) Sales 
Enp.. Mfrs. Agent. 410 Hill Bldg., 17th and 


ESPENSCHIED, Frederic F. (if 1940) Sales 
Enp.. Mfrs. AgenL 410 Hill Bldg., 17th and 
Stuyvesant I»Iace 

_ N.W., Washington, D. C. 

ESSLEx, Hubert A. (M 1941) Salet Engr,, Taco 
Hmters, Inc.. 342 Madieon Ave., New York, 
euwdenst.. PhlhutelplAu Pa. 
(M 1936) Chief ttnp., United 
Wall Paper Factoriea, Inc., 3330 W, Fillmore 
St., Chica^ and #506 S. Kentlngton Ave., 
LaGrange, HI. 

ESTES, igwin C. (A 1936) Aset. Chief Drafts- 
man, •Northern Pacific Railway Co., St. Paul, 
Mendota, Minn. 

EUTSLER. l^gene E., Jr. CJ 1933) Satea Kngr., 

• Buff^o Forw Co., 1^1 Tower Petrtdeom 
_^Bldgy D^laa, Tex. 

W Htg. Engr., 
5ecy.-Trea8., • B«cker Mamden Co„ %13 Lin- 
den Blvd., and 6834 Waterman Ave., St. Louli* 
Mo. 

<2* <^1^10) Mgr., Buffalo 

• B. F. Sturtevant 0>„ 02 .ffekaon Bldg,, 22ff 
Delaware Ave., and Ma^ower Apts., Apt. 2J, 
66 Summer St., Buffalo, N, V, 
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EVANS, Richard W * (A/ mU) En«r., Con- 
ditioned Air K(iuii)ment t'o., I24r>r> TTnix’ersitS” 
Avc,, St. Paul, and alOlii Emerson Ave. S., 
Minneapolis, Minn. 

EVANS, William A. (.U 101 S) Diat. M^r., 
• Aerofin Cori)., 1121 Mdelity Hldi?., and 3042 
Winchell Rd„ Slaiker Hei^lits, ('levclaiul, Ohio. 

EVELETII, Charles F.* (/w/e A/m/pcr; A/ 1011) 
Wilbur Watson ik Aaaodates, 4014 Pwwpert 
Avc.j, and • 2030 Hast 1 l.'ith St., ('l<‘vehin(i, Ohio. 

EVEREST, R. Harry (A/ 103, 'll linKru. and f^ilea, 
Sheldons, Ltd,, (Halt, and •23,'i Waterloo St. S., 
Preston. Ont., ('unadu. 

KVERE'rrS, John, (A/ 1038; .1 1035; J 1020) 
Ensr., Klaw-Knt>x ('o., Blawuox, and #1200 
Maron Ave., PittsharKh, Pa. 

EWKNS, Frank <;,+ (A/ 1037) Htg. Kngr.. 
Defense Industries, Ltd., UTm Beax'er Hall 
S<iuare, Torontrj, Out., and •Ant. U, 4800 
Cote Des N<*lges, Montreal, <,hie., ( nnadu. 

EZZ-KL-I)IN, Ramal (.1 10*1 1038) 78 Helwun 
St., Moimirah, <.*a{ro, Egypt. 


FABER, Oftcar (Af 1031) t'onsultinK Eugr., 
Romney Hottse, Marsham St., Westminster, 
London, and # Hayes ('ourt, Hayes lame, 
Kenley. Suney, KnKlaml. 

FABLIN<;, Walter I), f.l 1037) Sjiles Mgr.. 

♦ Sterling Kleetrie Motors, Ine., 5101 Telegraph 
Rd., Los Angeles, and 1050 Del Mar Ave., San 

FACHN, I>aniel J. (A/ 1032) Mgr., Stiles Kngrg, 
Div., •The Lmdede tJas Light (*o., 1017 Olive 
St., and 58*10 I.intlenwood .\ve., St. Louis, Mo. 
FAHNESTOCK, M, K.-** UI 1027) Rtw-areU Asaoe. 
*lhilversity of Illinois, 214 M. E, labora- 
tory, and 702 W. Vermont St., ('rbanu, III. 
FAXLE, K. H. (A/ 1034) Consulting ICngr,, Retiretl, 
R.K.D, 1, WestjHJrt, Conn. 

FALK, David S. (/ 1037) Sides Eugr„ The Trane 
Co., 8310 WrKKlwttfd Ave., and #20 K. Eudid 
Ave., IMroit. Mieh. 

FALTBNBACHKR, Harry J. (.V/ 1030) Owner, 
Harry J. Fultexibaehcr, 235 E. VVister St., 
Philuddpliia, Pu, 

FAtVEV, John 1). <A/ 1022) (Wulting Kngr., 

♦ 310 N. Eighth St., St. Louis, and OOHO Pemhing 
Ave.. Unlveriity ttUy, Mo. 

FANNINC;, Krroll C. (A/ 1041) Kngr., •AtUm 
Heating St Ventilating Co., Ltd,. 557 Fourth St. 
« Osiklnnd, Calif. 

FAR0KR. LouU M."* U 1040; J 1080) Engr.. 

♦ Natkin lit (‘o.. 1800 Baltimore, and 37 U Flom 
Ave.. Kamtas C3ty, Mo. 

FARLEY, W. F. (,V 1080) Sales Repr., .Aiunrican 
Radiator 8c Standard Sanitary Cofi>» 5(1 WtMit 
40th St., New York, and ♦28 Kim St., New 
Rochelle, N. Y, 

FARLEY, WtUoufthby 8. (4 1041; J 1034i 
Owner, W, S. Karfwv. Contractor St Kngr., 805 
Paxton Ave., Danville, Va., and t'apt.. ♦KUth 
20th Im. Div., Fort 0«»rge C. 

FARNES, B«rt W, (4 1038) Spedal Rew., Minne- 
atKdin-lhmaywetl Regulator Co,, 122 N.K, Broad- 
way, and ♦«B)10 Nt»nheast 2dth Ave., Portland, 
Ore, 

FARNiXAM, RotwalX (Aif 1020) (Council, 1027-33) 
Dist. Mgr, Kngrg. SKtes.. Buffalo Forge Co.. P. O. 
^ 085, and #5 ClaremUm Place, Buffalo. N. Y, 

FARRAR. Cacti W. (A/ 1030; A lOlB) (Treiui,, 
1030: Cmmdt, 103(1) VUH..PrM., W. A. St 


v.mincxw vu’t'-fTWi., w. « 

Sun Manufacturing <^o,. 81 Main St., ami ♦30 
(^klnnd Place. Buffalo, N. Y. 

FARRXNCrrOK. H. Edwiurd (M 1040) Deoigner, 
♦ Moody R Hutchinon. ITOi Architects mdg., 
and 3128 i^wle St.. Ptniadelohia, Pa. 
FARROW, R. E. U 10381 Pres., K. K. Farrow. 

Inc,, 2^ lnw<K)d Rd., and ♦ 1518 Kings High- 
_ way, DalUuL Te*. 

Farrow, iioiti* l. (a io42; j im) service 

and Insiallathm Mgr., Stolail Stokimx Engr., 
Sproime Breed Stevens k NewhalL Inc.. 153 
Hruul St., and nTS Vlctwy Rd., t/ynn, Mus*. 


FATZ, Joseph L. (U 1035) Htg.-\Tg. Engr., 
Board of BMucati<m, 228 N. LaSalle St., Room 
.530, and •.5014 W. North Ave., Clueago, III. 
FAULKNER, John H. (Af 1041) Secy.-Treu8., 

• Langdon-FiiulkncT Co.. 1920 Ninth Ave., and 
Mercei Island, .Seattle, Wash. 

FAUST, Frank H.*- (A/ 1930, J 1930) ComnuTcial 
Mgr., Air Cond. and Commercial R<‘frig. DejR., 

• General Electric Co., 5 Lawrence St., Bloom- 
field, and 23i) Vreeland Ave.. Niitley, N. J. 

FAXPN, Harold O. (A/ 1937) Engr., .VppliaiK'e 
Section, • Borneo t'o.. Ltd,, Mercantile Hank 
Bldg,, anfl 73 Grunge Rd., Singapore, Stniits 
Scttl(‘mcnt«. 

FEAR, S. Lome (A/ 1938) A.^st. Mech. Kngr., 

• Hydro IClw'tric Power Commission of Ontario, 
(120 University Ave., Toronto, 2, and 18 Vesta 
Drive, Toionto, 10, Out., ('anada. 

FEBREY. Ernest J. {IJ/c Member. M 1903) Pres., 

• K. J. Kebrey & ('<>., Inc., OlO New York Ave. 
N.W„ and 2331 C'utheclrul Ave. N.VV.. Wash- 
ington, D. C. 

FEDER, Nathan {J 11)38) Kngr., • Baskerville 8: 
Son, ('entral National Hunk Bldg., ami 1200 W. 
Franklin St., Richmond, \'a. 

FEEHAN, John B. {U/e Member, M 1923) Pres.- 
Treas., ♦John H. Feelian, Inc., 58 Spring St., 
Lynn, and 4 Long View Drive, Marbleiieiud, 
Mass. 

PEELY, Frank J. (A/ 1935; A 1929) Mgr, of Sales. 
Tuylor Supply t'o., 700 Monroe .\ve., and #950 
Trombley Rd., Grosse Point*.* Park, Detroit, 
Mich. 

FEXILXG, John B. {Life Member: M 1918) Mgr., 

• Excelsior Eurtiuce C't>., 528 Delaware Ave., and 
2927 Brooklyn Ave., Kansas ('ity, Mo. 

FEHLIG, John B., Jr. (.1 1941) Asst. Mgr., 
Exeelnior Heating Supply Div., 528 Delaware, 
and • 1 194 blast (J5th St., Ksmsas City, Mo. 
FEINBERG, Emanuel (J 19.37) (Jen. Mgr., 

• Thermalair EngintH*ring C’o., 321 Stephenson 
Bldg., and 3359 t'ortland Ave., Apt. 407, Detroit, 
Mich. 

FEIRN, WlUlam H. (.)/ 1938) Eiigr., ('. A. 
Hooper C'o., 453 W. (Jilman, and •ShorewomI 
Hills, Madison, Wi«. 

FELDERMANN, William C/l 1937) Pres., • Wal- 
ton Laboratories, Inc., 1188 Grove St., Irvington, 
and 357 Irving Ave., Soutli Orange, N. J. 
FELDMAN, A. (U/d Member; M 1903) 
Consulting Engr., 320 C'entral Parle West, New 
York, N. Y, 

FELDSTEIN, Harold (J 1938) Engr., •Oil W. 
Summit Ave., San Antonio, and Box 3800, 
Odessa, Tex. 

FELS, Arthur B. (A/ 1919) Pres., ♦The Eels Co., 
42 Union .St., Portland, and Vurnumth, Me. 
FELTWELL. Robert H. (Life Member; M 1905) 


Htg. I£ngr.. U. S. Radiator Corp., 2321 Fourth 
St. N.E., and ♦ 1370 Dak St. N.W^. WaaMngton, 


.or Corp., 
St. N.W^. 


Wa^dngton, 


FENNER, N. Paul (4 1928) Dist. omce Mgr.. 
♦ Hoffman Spwrialty (‘o.. 130 N. Wells St., 
('hleago. and 227 Berteau Ave., Elmhurst, HI. 

FENSTERMAKER, S. E. (Af 1909) sS. E. 
Fenstermakcr Co., 937 Arcldtects 8e Builders 
Bl^., lndlanap*dls, and Carmel. Ind. 

FERDBRBER, Murray B„ M.D.o* (Af 1938) 
Fellow of Dept, of Industrial Hygiene. University 
of PltUburgh, Medical School, and ♦ .5722 Fifth 
Ave., Pittsburgh, Pa. 

FEROEOTAD, TBarvln L, (A/ 1938; J 1935) 
Sales Engr., The Pacific Lumber ( o„ 35 K. 
Wttcker Drive, tmd N. Hoym*, Apt. 3A, 

Chlcag(». Ill, 

FEROl^N. Ralph R, (M 1934; A 1927; / 1925) 
Mgr., Air Cond. Dept,, American Blower Corp,, 
50 west 40th St„ New York, and ♦ tfiO Prospeet 
St.kli^t Orange, N. J. 

FERRXB, Arthur L. (A 1941) Repr., sHart St 
C»><)ley Manumcturlng Co„ 57 Bhx)r St, W., and 
108 Doujdus Ave., Toronto, Out., C^anada. 

FlUELUtS, Walter R. (*/ HriKr., 

Fit^gihbons Holler C'o., Inc., lOl Park Ave,, 
New York, and ♦ 133 Amersfort PUa‘e, Uroc^ktyn, 
N. Y, 
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FIEDLER, Harry W. {M 1923) Owner. aAir 
Conditioning Utilities, 8 West 40th St., New 
York, and 16 Dobbs Terrace, Scarsdale, N. Y. 
FIFE, G. Donald (M 1937; A 1931; J 1929) Air 
Cond. Engr., Architect of the Capitol, Washing- 
ton, D. C., and adlS? N. Henderson Rd-, 
Arlington, Va. 

FIGGIS, Thomas G. (A 1937; J 1936) Tech. 
Sales Engr., J. & E. Hall, Ltd., Dartford Iron- 
works, Kent, England. 

FINDLEY, Howard N. (A 1941) Mgr., Merchan- 
dise Sales, • Avery Engineering Co., 1906 Eudid 
Ave., and 1762 East 89th St., Cleveland, Ohio. 
FINERAN, Edward V. (A 1940; J 1935) 1st Lt. 
Signal Corps School, U. S. Army, and eDeal 
Deal, N. J. 

FimEY, Brandon (M 1937) Engr., Southern 
Heater Co., Compton, and •721 Via de La Paz. 
Padhc Palisades, Calif. 

FBSfNIGAN, William T. {M 1939) Mgr. and 
Engr., •Finnigan Bros., 1421 Southeast 20th 
Ave., and 1634 Southeast 29th Ave., Portland, 
Ore. 

FIRESTONE, Maurice T. (M 1939) Mgr. of 
Dealers Northeastern Dist., •Carrier Corp., 
406 l^wdngton Ave., and 65 Park Terrace East, 
New York, N. Y. 

FISCHER, Frank P. (A 1940) Prop., Frank P. 
Fischer Engineering Co., 412 Dryades St., New 
Orleans, La. 

FISCHER, Lawrence W. (J 1937) Plant Mgr., 

• Anemostat Con>. of America, 1031 New Britain 
Ave., Hartford, Conn., and 91 Islip Ave., Islip, 
L. I., N. Y. 

FISHER, JohnT. (A 1942: J 1936) Project Engr., 
American Airlines, Inc., N. Y. Municipal Airport, 
Jackson Heights, and • 168-09 Crocheron Ave., 
Flushing, L. I., N. Y. 

FITTS, Joseph C. (M 1930) Secy., Heating, 
Piping & Air Conditioning Contractors National 
Assn., 1260 Sixth Ave., New York, N. Y., and 

• 216 Kenilworth Rd., Ridgewood, N. J. 

FITZ, Jean Chandler (M 1924) Engr .-Estimator, 

J. L. Murphy, Inc., 340 East 44th St., New York, 
and •405 Webster Ave., New Rochelle, N. Y. 
FITZGERALD, Matthew J. {M 1934) Pres., 
Standard Asbestos Manufacturing Co., 820 W. 
Lake St., Chicago, and elllT N. Linden Ave., 
Oak Park, 111. 

FITZGERALD, William E. U 1936; 5 1936) 
Pres.-Gen. Mgr., • Fitzgerald Plumbing & Heat- 
ing Co., Inc., 939-41 Louisiana Ave., and 1905 
Gilbert St., Shreveport, La. 

FITZSIMONS, J. P. (M 1941; A 1940; J 1934; 
5 1932) Mgr., Air Cond. Dept., • Trane Co. of 
Canada, Ltd., 4 Mowat Ave., and 61 Burnaby 
Blvd., Toronto, Ont., Canada. 

FLANAGAN, James B. (A 1939) Sales Mgr., 

• Warden-King, Ltd., 2104 Bennett Ave., and 
4244 Westhill Ave., Montreal, Que., Canada. 

FLARSHEIM, C. A. (A 1940; / 1933) P. O. Box 
56, and •3720 Holmes St., Kansas City, Mo. 
FLEAK, William D. (A 1938j Lab. Engr., Indus- 
trial Traizung Inst., 2141 Lawrence Ave., and 
•4535 N. Mozart St^ Chicago, 111. 

FLEISHER. Walter iouis* (M 1914) (Presi- 
dential Member (Pres., 1941; 1st Vice-Pres., 
1940; 2nd Vice-Pres,, 1939; Couzidl, 1936-41) 
Pres., •Air & Refrigeration Coro., 476 Fifth 
Ave., New York, and New City, N. V. 
FLEMING, Paul B. (M 1941) Cons. Engr., 

• Paul B. Fleming, 708 Rockefeller Bldg., Cleve- 
land, and 20869 Erie Rd., Rocky River, Ohio, 

FLINK, Carl H. (M 1923) Mech. Engr., •Ameri- 
can Radiator & Standard Sanitary Corp., 676 
Bronx River Rd„ Yonkers, and 111 Magnolia 
Ave., Mt. Vernon, N. Y. 

FLINN, George S. U 1936) Vice-Pres., eW. F. 
Slater Engineering Co., 664 Union Ave-, and 1470 
Peabody Ave., Memphis, Tenn. 

FLINT, CoU T. (M 1919) Sales Mgr., • The H. B. 
Smith Co., 640 Main St., (^mbridgc, and 8 
Searle Ave., Brookline, Mass. 

FLORETH, John J. (M 1939) Mgr,, Air Cond. 
DIv., • Westerlirt & Campbell Co., 1113 Cornelia, 
and 5718 N. JWchmond Ave., Ci^cago, lU. 


FLUCKEY, Kenneth N, (J 1940) Engr., Indus- 
trial Hygiene Service, •California State Dept, 
of Public Health, 2002 Acton St., and G89 Santa 
Rosa Ave., Berkeley, Calif. 

FOERSTNER, George C. (A 1038) Mgr., 
Amana Society, Amana, Iowa. 

FOGG, Joseph H. (A 1942; J 1940) Sales Engr., 

• B. F. Sturtevant Co., 713 Mills Bldg., Wash- 
ington, D. C., and 217 E. Bellefonte Ave., 
Alexandria, Va. 

FOLEY, John J. (A 1938) Pres., • Weather- 
makers (Canada), Ltd., 593 Adelaide St. W,, 
and 176 Cortleigh Blvd., Toronto, Ont., Canada. 

FOLEY, John L. (ikf 1938) Precipitron Specialist, 
Westinghouse Electric & Manufacturing Co., 306 
Fourth Ave., Pittsburgh, Pa., and •3.'367 Ried- 
ham Rd., Shaker Heights, Ohio. 

FOLSOM, Rolfe A. (M 1938) Vice-Pres., • W. R. 
Ames Co., 150 Hooper St., San Francisco, and 
2411 Easton Drive, Burlingame, Calif. 

FOOTE, Earle E. (M 1936) Gen. Supt., Con- 
sumers Central Heating Co., 108 East 11th St., 
and • 3412 North 28th St., Tacoma, Wash, 

FOOTE, James H., Jr. (S 1940) Student, Michi- 
U^tate College, East Lansing, and • Okemos, 

FOrWs, Homer B., Jr, (J 1941; S 1938) Sales 
Engr., • Niagara Blower Co., 37 W. Van Buren 
St., Chicago, and 1108 Davis St., Evanston, III. 

FORDERBRUGGEN, Kevin J. (/ 1938) lat Lt., 
66th C. A. (AA) Camp Haan, Calif. 

FORFAR, D. M. (M 1917) Mcch. Engr., eGrin- 
nell Co., Inc., 240 Seventh Ave. S., and 4817 
Emerson Ave. S., Minneapolis, Minn. 

FORRESTER, Norman J. (A 1936) Mgr., 
Contract Div., The Garth Co., 750 Bdalr Ave., 
and *4800 Westmore Ave., Montreal, Que,, 
Canada. 

FORSBERG, WUliam (M 1919) Secy., •The 
Hopson & Chapin Manufacturing Co„ 231 SUte 
St., New London, and Old Colchester Rd., 
^akcr Hill, Conn. 

FORSLUND, Oliver A. (M 1936) Gen. Mgr., 
Forslund Pump & Machinery Co., 1717-19 Main 
St., and • 108th St. and State Line, Kansas 
City, Mo. 

FOSS, Edwin R. (A 1936) Dist. Mgr„ •The 
Powers Regulator Co., 407 Bom Allen Bldg., and 
257 Bolling Rd., Atlanta, Ga. 

FOSTER, Charles (M 1923) Owner, •Charles 
Foster, Cons. Engr., 316 Medical Arts Bldg., and 
2831 E. First St,. Duluth, Minn. 

FOSTER, John G. (/ 1938) U. S. Air C'orps, and 

• 2636 Sedgwick Ave., New York, N. Y. 

FOSTER, Philip H. (A 1937) Busineas Mgr,, 

Hudson Bay Plumbing Co., Klin KItm, Man., 
Canada. 

FOULDS, P. A. L. (M 1916) Partner, •Hubbard 
Rickerd & Blakeley, Cons. Bngrs., 1 10 State St., 
Boston, and 72 Whltin Ave., Point of IMnes, 
Revere, Mass. 

FOWLES, Harry H. (A 1940; J 1934) Htg..Vtg. 
Engr., • Cannan-Thompson Co., 12-14 Untudn 
St., Lewiston, and 4 Haskell St„ Auburn, Me. 

FOX, Ernest (M 1935) Asst. Kngr.. #0. A. 
Dunlmin Co., Ltd., 1523 Davennort Rd„ and 
400 Glenholme Ave., Toronto, Ont., 41anadft. 

FOX, John H. (M 1935) Sales Engr., • Mlime- 
apoUs-Honeprcll Regulator Co** Ltd.. U7 Peter 
St., 37 Macdonell Ave., Toronto, Out., 
Canada. 

FOX, William K. (A 1030) Supt* Northwest 
Stove Worttthj ^ S.B. Giadstoiw $i„ and 

• 6X12 N.E, Prescott St. Portland, Ore, 

Fl^C^, Secy., Tilts Air Con- 

ditioning Co^ Sm Park Ave*, Hew York, and 

•S3I1A em &.. hdtton mitit*, u i, k y. 

FawyiL (U 1W8; A »I8) Fw*., .It* 

Electifc Ventotin* Co„ saw N. Cwwfi»3 Ave., 
Clucaso, aad llSt ChetAeidl Xd., Hubbard 
Woods, 111. 

Fl^K, OUve »*♦ mO) Pres,, •Frank 
Haters, 40ih Paterson* ami 

Algonouin TwOl, PIa« take, H* J* 
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Atr^ci'nWol. "2 Ninth St., and 547 44th St., 
S. CM 1010) 520 Grnv. St., 
MelroBO. Mhig. . C)wm‘r, 

Jr.; («1 41ln St.'und 204 

Coteuil “’Managn* Dir., 

Did., WadHWxrth Rcl., Pcri- 

lL,l a K..I toa SU 

«Sis^SlSS?W; 


and OB 
Ganatja 


Vlce-PrWM 
Youvllle tkiiiare, 
Montreal, Que., 


FULLER, Elbrldfte W. (M 1938) 842S-88th St.. 
FMLLE^'1^'4^ A.^M^1941) Industrial EngrR. 

T“.r’.SlEW^4co.;920 Westem 

yrSn. and 14 Mugford St., Marblehrad, Mms. 
PULLMAN, James B. (J 
Service Dept., •A. M. Byers Co., 1501 Clark 
Bids., l^ittsburgli, and 904 Beaver St., bewickley, 

FU&, Donald S. (A 1040) Pres., •Airmcde 
ManufacturinK Co., s52j5 W. Huron St. ChicaKO, 
and 530 Washington Blvd.. Oak Par^ lU. 
FURBBR, Stanley U (A 1941) bales Eng., 

Mlnneapolis-Hon^el 

Saunders Kennedy Bldg., and •4408 Barker, 
Dmaha, Ncbr. 

G 

GAIR, Kenneth B. (J 1039) Aircraft instructor, 
Briggs Manufactunng Co., Aircraft Div., D< - 
troit; and • 188 W. Cambourne, terndale, Mich. 

GMXIGANi'AniSew’Bj'^1021) 
m Bros., Inc., 716 South 6Ut St,» and 6987 

gMaY Vv'w "(Ti 94D Sale. Engr., 
°^B2Wcn Refri^“on Supplies, 811 Peachtree, 

AUanta, and lOlS^f °i^l“’3a2 

GAMBLE, Gary B. (M 1940; A 1935) 3432 
“ ■ ‘rline SL, New Orleansj La. ^ 


pi^l&rROM, Arthur W 1941) Sales Engr.. Gr^'lDD,^b’.ferldfe*^r. (A 1937; 

M*md;.,‘ S<S^MU ):»Uu Drive, 

Me (A 1942 ; / 1037 ) Kngr., 

•«« ^Vesvern 




'tHaSSi'TA'im) eAlr Controls, 


/Silfl* fT *4 Army. Fort ivi«^ iriw». 

rvsWgm* St.. Montreal. Quo., 


yOrkf .*'*,V*I . « «ek«»At iU'satn. ^ g», I, 


• FeDUlK!Ofwrv»v*m 

fX^:vZ^Amy, 


Saiea ttngr., •v^amci w**#., *t«w — 

Bldg., and 6615 Magnolia Hm New Orleans, La. 

CANn 6 n, Rttsaell R. (M 1939) O^er, •Ru«a«!} 
R, Gannon Co., ^^nne Bldg., CindoMti, 

6442 Grand Vista Ave., Pleasant Ridge, CIncin- 

GANT^H.^ P.* cm 1915) (PresidtrUial Ma^er) 

^^rei.. 1923; latVicc-Prcs:, 1022; 2nd Vlc<^Pre8., 
1921; Council, 1918; U)21-24) R. D. No. 1, 

G^BBr! wrninm E., Jr. U 103« 

Farouar Htg. Scrdcc Co., 3406 E. 

Indianapolis, and • R.R* 1. Falrland, Ind. 

GARDNER, C. Rollins (A 1987) Vic^Pres., 
• Martyn Brothers, Inc.. 911 
and 4417 E. Lancaster Avc.. Worth. Tex. 

GARDNER, WiUtom (A 1921) garden Gty^n 
Co., 8S2 §. Michigan Ave*. and •7836 Loomis 
Blvd.. Cidcago. 111. 

GARNEAU Uo CM 1938; J 1930) Sales Engr., 
a: 6 uZm, Ltd.r 882 Dominion Sciuare 
Bldg., Montreal, and 84 Coolbreeise Ave., Lake- 

Walter M. (M 1941) Mfrs. Agent., 
Towrard & Co.. 413 Bona Allen mdg.. and 60 
Muscogee Ave. N.W., AUan^ Ga* 

CATES. A, S.. Jr, (A 1941) ^»?»c^®;nK^Naval 

Nfw!“I*pt. V‘ ass? 

De C. 


ustlcton 


■ COs, 415 

5 Ke:« Ba*^'^v*** 

Seventh^., wd 


burst Blvd., Toronto, OnC. Ganada. 

OAiSt, Gaoroa W, (/ 1937; .S‘ xm) Lt., C'^ 
of Engm*. XT. 5>* Army. Engineet bch^* Fort 
^IvShTand •403 Luray Av«., Atondrla. Va. 
gattse H Chtatot (M 1937) Sr. Power Sales 
•ASSSr^pWer Co' 10^ Alabay 
Power Co. Bldg., and 3916 MonUvaUo Rd., 

GAWWiS'.^^ 

snder «MlBefP«f. lo-j ’x,rmn. .^ciuSbeAve,, St. Paul, Minn. 

g^avehrop, |»dJL-.(M 



#i’8u&^rr»in 


A* t« lVWj^Vv.w4«* 


Cll. 

V 4itt StH 
.t, Vernon, 


Vrre;70Tom.;iJ>" arid 

cross Ave., Wilmington, Del. 
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GAYLORD, Frank H. (M 1921) Vice-Pres., 

• Hoffman Specialty Co., Inc., 130 N. Wells St., 
Chicago, and 362 N. York St,, Elmhurst, 111. 

GAYMAN, Paul D. (Af 1938) Branch Mgr., 

• Johnson Service Co., 2142 East 19th St., and 
20875 Endsley Ave., Rocky River, Cleveland, 
Ohio. 

GAYNER, James (M 1937) Mech. Engr., G. M. 
Simonson, Cons. Engr., 625 Market St, San 
Francisco, and #327 Magnolia Ave., Piedmont, 
Calif. 

GEBEL, Kurt M. (S 1940) Student, Northeastern 
University, and • 146 Massachusetts Ave., 
Boston, Mass. 

GEE, WiUiam W. (A 1940; J 1938) Engr. and 
Contractor, Wm. Gee, Jr. & Co., 133 Geary St., 
San Francisco, and aOOS Burlingame Ave., 
Burlingame, Calif, 

GEHRS, William (A 1939) Branch Mgr-, •John- 
son Service Co., 1312 N.W. Meigh St., and 3801 
S.E. Woodward St., Portland, Ore. 

GEIGER, Irvin H. (M 1919) Registered Pro- 
fessional Engr. and Mfrs. Repr., •410 Telegraph 
Bldg., and 240 Maclay St., Harrisburg, Pa. 

.GEIGER, Raymond L. (M 1939) Engr., The 
Austin Co., Cleveland, and •16101 Nelamere 
Ave., East Cleveland, Ohio. 

GELTZ, R. W. (7 1936) Air Cond. Engr.. York 
Ice Machinery Corp., 2700 Washington Ave. 
N.W., and • 14213 Glenside Rd., Cleveland, Ohio. 

GENONE, Henry W. (M 1941) Vice-Pres., 
Dinkier Hotels Co., Inc., eAnsley Hotel, and 
22 Collier Rd., Apt. 2, Atlanta, Ga. 

GENRE, E. John (A 1938) 502 W. Roosevelt. 
Phoenix, Ariz. 

GERMAIN, Oscar (M 1935} Htg. Expert. 1343 
St. Louis Blvd., Trois-Rivieres, Que., Canada. 

GERRISH, GrenviUe B. (A 1936; J 1930) Repr., 
Fitzgibbons Boiler Co., Inc., 31 Main St., Cam- 
bridge, and •26 Standish Rd., Melrose, Mass, 

GERRISH, Harry E. (M 1910) (Council, 1919) 
Partner, • Morgan-Gerrish Co., 307 Essex Bldg., 
and 4534 Fremont Ave. S., Minneapolis, Minn, 

GERSTENBERGER, Edgar J. (A 1938) Sales 
Engr., Glendale Supply Co., 1819 W. Glendale 
Ave., and •3824 North 17th St., Milwaukee, 
Wis. 

GESSELL, E. T, (M 1941) Sales Engr., •W. E, 
Lewis & Co., 610 Thomas Bldg., and 2705 Am- 
herst, Dallas, Tex. 

GETSCHOW, Roy M. (M 1919) Pre8.-Treas., 

" • Phillips-Getschow Co., 32 W. Hubbard St„ 
Chicago, and 122 Woodstock, Kenilworth, 111. 

GEZARI, Zvi (A 1941) Research Dir., Industrie 
Device Corp,, 202 East 44th St., and • 72 Barrow 
St., New York, N. Y. 

GHILARDl, Fernand (M 1937) Chief Engr., 
Herdt et Charton, Inc., 34 Rue Godot de Mauroy, 
Paris, and • 12 Rue (^brielle d’Estrees, Vanves 
(Seine), France. 

GHOSE, Khagendra N. (A 1938) Consulting 
Engr., 17 State St,, New York, N. Y., and •SO 
Ramkanta Bose St., Bagh Bazar, Calcutta, India. 

GHOSH, Bldhu Bhusan (J 1939) Air Cond. 
Engr., •Messrs. Refrigerators (India), Ltd., 
13C, Russell St., and (Salstaun Mansions, 
Calcutta, British India. 

GIANNINI, Mario C. (M 1935} Asst. Prof, of 
Mech. Engrg., • New York University, Univer- 
sity Heights, and 72 Park Terrace West, New 
York. N. y. 

GIBBONS, Michael J. (M 1914) Owner, M. J. 
Gibbons Supply Co., 601-631 E. Monument Ave., 
and 1 16 Thruston Blvd., Dayton, Ohio. 

GIBBS, Edward W. (M 1919) Pres., •The 
Smith-Gibbs Co., 201 S. Main St., and 39 
President Ave., Providence, R. I. 

GIESECKE, F. E.* (Af 1913) {Presidential Mem^ 
her) (Pres., 1940; 1st Vice-Pres., 1939; 2nd Vice- 
Pres., 1938; Council, 1932-41) Prof. Emeritus, 

• Texas A. & M. College, and College Station, 
Tex. 

GIFFORD, Clarence A. (A 1934) Sales, American 
Radiator & Standard Sanitary Corp., 1807 Elm- 
wood Ave., Buffalo, and #78 Roycroft Blvd., 
Snyder, N. Y. 


GIFFORD, Edmund W. {M 1938: J 1929^ 
Branch Mgr., Himelblau Byffeld & Co., 611 K- 
Broadway, Milwaukee, and •7935 Warren Ave., 
Wauwatosa, Wis. 

GIFFORD, Robert L. (Life Member; M 1908) 
Pres., Illinois Engineering Co., Cor. 21st St. and 
Racine Ave., Chicago, lll„_ and • 1231 S. K1 
Molino Ave., Pasadena, Calif. 

GIGUERE, George H. {M 1920) Mech. Engr., 

• Smith, Hinchman & Grylls, 800 Marquette 
Bldg., and 2253 Burns, Detroit, Mich. 

GILBERT, Leslie S. (M 1037) Owner, • Gilbert 
Engineering Co., 1305 Liberty Bank Bldg., and 
3713 Southwestern Blvd., Dallas, Tex- 
GILBERT, Thomas (A 1940), Asst. Sales Mgr,, 

• Empire Brass Manufacturing Co., and 21() 
Raymond Ave., London, Ont., Canada. 

GILBOY, John P. (M 1924) Sr. Member. * John 
P. Gilboy Co., 503 Scranton Electric Bldg., and 
621 Arthur Ave., Scranton, Pa. 

GILFRIN, George F. (M 1932) •Climas Artiti- 
dales, S.A., Edificio “La Nacional” 902, an<I 
Esplanada No. 715, Lomas dc C'hapultepoc, 
Mexico, D. F., Mexico. 

GILLE, Hadar B. (M 1930) Consulting Kngr., 

• Hugo Theorells Ingeniorsbyra, Skoldiingaga- 
tan 4, Stockholm, and Svanhildavagen 1 9, 
Nockeby, Sweden. 

GILLETT, M. C. (M 1916) Diet. vSales Mgr.. 
Hoffman Specialty Co., Inc., and • 3777 N, 
Meridian St., Indiaruipolis, Ind. 

GILLHAM, Walter E. (Af I0l7) (Troas.. 1920-20; 
Council, 1924-29) Consulting Engr., #337 Uiw 
Bldg., and 3427 Bellefontaino .\vc., Kansas C'ity, 
Mo. 

GILMAN, Franklin W. (A/ 1935) Plant Kngr., 

• Loft Candy Corp., 38 38 Ninth St., Umg 
Island City, L. I., N. Y., and The ('ImUmm, 
20th and Walnut Sts., Philadelphia, Pa. 

GILMORE, John L. (A im) Owner. (Jilmtire 
Heating, Ventilating & Air C'onditioning, 1525 
Cochran Ave., and • 1604 Union St,. Brunswick, 
Ga. 

GILMORE, Louis A. (A 1940; J 1935; ,V 19301 
Vice-Pres., John Gilmore & ('o., 115 South Uth 
St., and •SOOd McPherson Ave., St. lamis, Mo, 
GINI, Aldo (Af 1933) Via Correggio 18, Milano, 
Italy. 

GINN, Tony M. (A/ 1935) Gen. Mgr., Tony M. 

Ginn Co., 214-24 Fifth vSt. S., Great Fulls, Mont. 
GITTERMAN, Henry (A 1937) Precipitron Spe- 
cialist, Westinghouse Electric & Manufacturing 
Co., 40 Wall St., New York* and eVorktown 
Heights, N. Y. 

GITTLESON, Harold (A 1935) Sah^s Mgr., 
Lariviere, Inc., 3715 St. Uiwrence Ulvd,, Mon- 
treal, and #1325 I^ijoie Ave., Outremont, Uue.. 
Canada. 

GIVIN, Albert W, (A 1925) Vice-Pix«i. in (Auirge 
of Sales, sThe Gurney Foundry (hi.. Ltd., 4 
Junction Rd., and 210 St, ('lair Ave, W.. Toronto, 
Ont., Canada. 

GJERTSEN, George (.S' 1040) Soda! Security 
Board, and • 4509 Arahiu Ave., Baltimore* Mtf, 
GLASS, William (A/ 1934) Pres, and Mgr., 

• Partridge- Halliday, Ltd.* i44 Lombard St„ 
Winnipeg, and 191) Bmemar Ave.* NorwcKxl, 
Man., Canada. 

GODFl^Y, J. E. (7 1938) Kngr,, Sugimtw%Su*erlng 
Gear Div., General Mottirs Corp., and e 1 19 i 
N. Michigan Ave., Sadnaw. Mich, 

GOEHLER, Elmer E, (A 1930) Pnm., Vorti'v 
Manufacturing Co., 587 N. TilUrntwik St., 
Portland, Ore. 


GOENAGA,^ Roger 0. (M 1931) Tech. Dir.. 
• AUliers VenUI, 190 Cours Gambettu, Lyon, 
and 33 Avenue VaUoud-St«-Foywi*HhLyon, 

France. 


GOERG* B, {M 1928) American Radfuti^r A' 
Standard Sanitary Ciorp., 575 Bronx Rivenr Rd,. 
Yonkers, N. Y, 
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GOERGENS, Albert G. C-l Engr., U. S. 

War Dept., Munitions Bldf?., Washington, D, C.. 
and *817 Chalfonte Drive, Alexandria, 'V’'a. 

GOFF, John A.*** (A/ 1<)39) Dciin, eTowne 
Scientific School, ilnivcraity of Pennsylvania, 
Philadelphia, and fill Cambridge Rd., Cynwyd, 
Pa. 

GOINS, E. H. (A/ 1«.U) Mfrs. Repr., #420 
Market St., Room 204, San Francisco, and 5511 
Golden ('rate Ave., Oakland, Calif. 

GOLDBERG, Moses (A 1934) Pres., Electric 
Motors C'orp., HJ8 CVntrc St., New York, and 

• HHCi K. Eightli vSt., Brooklyn. N. V. 

GOLDMANN, PhlUpp (J 1042; S 1940) Engr., 

Carrier Ck>rp., and #238 Fellows Ave., Syracuse, 
N. V. 

goldsmith, Elliot (A 1942; J 1939) Engr., 

• Anemofitat Corp. of America, 10 F^iat 39tb St., 
New York, and 102-03 66th Rd., Forest Hills, 
L. I., N, Y. 

GOLDSMITH, F. WlUius (M 1030) Pres., •The 
W. ('hsmann Co., ,113 K. Day Ave., and 629 E. 
Day Ave., Milwtuik<‘e, Wis. 

GOIX, Willard A. (A 1937) Dint. Mgr., Lennox 
Furnace Co., and 945 Marlon St., Denver, Colo. 

GONZALEZ, Rafael A. (M 1936) Mgr.. Appli- 
cation Kngrg. Dept., aAirtemp Div., ('hrysler 
Corp., 1119 St., and 2909 Fairmont Ave., 
Das^on, ()hit>. 

GOOI), Oharlea S. (J 1941; S 1939) Partner, 
A. C. Gocxl & Sons, Plbg. and Htg., 620 Rebecca 
Ave., and a 102 ('ascade Rd,, Wllkinsburg, Pa. 

GOODMAN. C. B. (A/ 1940) Asst. Engr., Dept, of 
Militia & Defence, Naval Service Headcuiarters. 
Ottawa, and #519 t'agaedls St., North Bay, 
Ont., Camula. 

GOODMAN, WUliam (M 1941) The Trane 
and •2U North 23rd St., UiCroww, Wis, 

GOODRAM, W. B. (Af 1939; A 1936) Partner and 
Mgr., C»<Jo<lmm Bros., 88 King St. W., Hamilton, 
and • R.R. 2, Kr<H>man. Ont., ('arntda. 

GOODRIOH* CharliW F. (A/ 1919) Andrews & 
Goodrich, Inc., Boston, and *336 Adams St., 
Dorchester, Mass. 

<;OODWIN, Kudene W. Uf 19.36) Principal 
Met'h. KuHtM Public Buildings Administration, 
F.W.A., WaHhington, D. C., and •7024 Hamp- 
den Unne. Bt^hesda. Md. 

GOODWIN, Ssmeuel L. (A/ 1924) Consulting 
Kngr., John ik Drew EberiKm, 2 West 47th St., 
New York, N. Y., and •2< 


Hasbrouck Heights, N. J. 
GORBANDT, Kvwett J, 


and *247 Madison Ave., 


(A/ 1941) Partner, 


• Crawley-Gorimndt <k»., 118 W. Pt^chtree 
Place N.W., AtlunUi, and 22^ N. Decatur Rd.. 
N.K., Decatur, C»a. 

GORDON, <k»Un W. (vl 1938) Vice-Pres., A. G, 
Baird, Ltd., 2^1 Ltsgttr Si., and *962 ^taw St., 
Toronto, Ont., Canada. 

GORDON, Pater B, (A 1938: J 1935) Tretia., 

• Woltf Ik Munler, Inc., 222 East 4lst St., New 
York, N. Y., and 35 I*ark Ave., Bloomfield, N. J. 

GORGBN. Roy E. (A 1940) Owner. •Rt»y K. 
Gofgen ('o., Wesley Temple Bldg., Minm^polls, 
and 2901 Rah4gU Ave.. 15 .. D>ms Park, Minn. 
GORNSTON, Mfcheel IL (A 1923) 90-11 I49th 
St„ Jamaica, L. 1., N, Y. 

GOBB, Matthew 11 , (Af 1921) Ibtrtner, eM. H. 
Go«« Ciu, 3409 Ludden St„ and 1476 Seyhurn 
Ave.. Detndt, Mich. 

<R>SSErr, Karl J. I923i Pres.. •Bell fir 
Gossett t*o., Mftrton Grove, and 314 Wrggllimd 
Ave,, Wlnnetka. tU. 

t^ilARD, WUliam W, (A 1936) riditoria! 
Dir., • Domftjitic Knaim-ering, HKK) lh*airi« Ave., 
('hicago, and 1027 Arlington Ave., I.a Grunge. Ill, 
GOlIRlilALL, Harry iU (A/ im) Instructor in 
AirCoftd., Sutne Technical High Sclg>ol,2501 Ad* 


GOUNDIE, Joseph K. (A/ 1938) Sales Engr., 
Flitch Coal Co., 116 River St., Bethlehem, and 

• 1420 Walnut St., Allentown, Pa. 

GOWDY, Allen G. (A 1941; J 1930) Htg. Engr,. 

Huffman-Wolfe Co.. 669 N. High St., and • 1007 
Bryden Rd., Columbus, Ohio. 

GRABBR, Ernst (A 1942; J 1936) Engr., Minnc- 
apolis-Honeywell Regulator Co., 221 Fourth 
Ave., New York, and *222 Hollywood Ave., 
Douglaston, L. I., N. Y. 

GRABMAN, Henry B. (J 1942; .V 1938) Lt., 

• Co. “B” 36th Engineers (C), Pliittsburg Bar- 
racks, and 511 Linwood Ave., Buffalo, N. Y. 

GRAHAM, F. D. (M 1940) Local Mgr.. • York 
Ice Machinery Corp., 222 Union Bldg., and 4204 
S. Broad, New Orleans, I-a. 

GRAHAM, J. Barrie (S 1939) Student, Carnegie 
Institute of Technology, Pittsburgh, and • 193i ji 
Meade St., Wilkinsburg, Pa. 

GRAHAM, John J. (J 1940) Designer, Htg., 
Vtg, ffc Air Cond. Equip., Edward G. Budd Co., 
25th and Hunting Park Ave,, Philadelphia, Pa. 
GRAHAM, William D. (M 1929; A 1925; J 1923) 
Mgr., Unit Hoiiter Dept., Carrier C'orp, and 

• 533 Allen St., Syracuse. N. Y. 

GRANKE, Arnold A. (M 1939) Sales Engr., 
Speakman C'o., and •^S West 4l8t St., Wil- 
mington, Del. 

GItWSTON. Ray O. (A 1939; J 1935; S 1930) 
Secy., •University Plumbing & Heating Co., 
3939 University Way, and 1533 East 76th St., 
Seattle, Wash. 

GRANT. Walter A. (A 1033; J 1029) Regional 
Chief Engr., C'arrier Corp., 12 South 12th St., 
Philadelphia, and ^2 I.angdon Lane, Narberth, 
Pa. 

GRANT, Walter IL, Jr. (M 1940) Dlst. Repr.. 

• Warren Webster & Co., 209 Vincent Bldg,, and 
5632 Elytdan Fields Ave., New Orleans, 

GRAVES, Willard B. (Ufe hUmhir; M 1006) 
Pres., •W. B. (Jraves llcating Co., 102 N. 
Desplaines St., and 6920 Addison St., Chicago, III. 
GRAVES, Vernon (A 1941; J 1940) Engr., 
Frank A, I^m Co., 901 Girard St. N.E., and 

• 1904 17th .St. S.E., Washington, D. C. 

GRAY, Earle W. (A/ 1938; A 1934) Div. Sates 

Mgr., •Oklahoma Gas & Electric Co., P.O. Box 
1498, and 2125 Northwest l8th St., Oklahoma 
City. Okla. 

GRAY, Everett W. (A/ 1936) Diet. Repr., eThe 
Trane Co., UKX) Euclid Ave., Cleveland, and 
17546 Madison Avc„ I^rUkewood, Ohio, 

GRAY, G. A. (Af 1924) Mgr., •C. A. Dunham 
Co., Ltd., 404 Plaxa Bldg., 46 Rideau St., and 1 14 
Belmont Ave., Ottawa, Ont., Canada. 

GRAY, Hamilton K. (/ 1940) Gray Kngine*‘rlng 
<^ 0 ., Box 204. High Point. N. C. 

GRAY. John W. at 1938) Owner, •Tlie Gray 
Heating Co., 614 N. Water St., Bay City, Mlciu 
GRAY, W. C. (A 1942; J 1940) Air Cond. Engr., 
(vulf Mobile and Ohio Railroad, and •2059 
Summerville Court, Apt, 92-B, Mobile, Ala. 
<JRAY. William B, (Af 1922) Pres., <;my Engl- 
neering Co., Box 204, High Point, N, V. 

GREEN, Everett W. (J 19&) Partner, Sales Engr.. 
•Green Furnace 3k Plumbing Co., 2747 North 
48th St., and 5100 Leighton Ave., Lincoln, Ncbr. 
(^REEN, Sydney IL (/ 1939) Design Engr., 

• Dallas Air Conditioning CkK, Inc., ;«KK) Com- 
merce St., and 4437 Hanover St„ DaUas, Tex. 

GREEN, WOWam O. (Life Member; M lOmi) Dint. 
Hepr., •Warren Webster Ite Co., 704 Race St,, 
Room 602, and 244 Krkenbrt^cher Ave,, Clncin- 
nitti, Ohio. 

GREENBURG, I^nard, M^D.^ (A/ 1032) Exec. 
Dlr„ Div. of Industrial Hy;dene, •N. Y, State 
Dept, of l4ibor, 80 Centre St„ and 173 West 7«th 
St., New Yorle, N. V. 


Air CoiHl,. l 4 tne Trcumcal iHgh School, 2601 Ad- St., New \ one, n. y. 

dlwm St., and • 2953 Kaatw^wd Ave., t'hicago, III. GREENLAND, Sidney F. (Af 1934) Htg. Ik \tg. 
GOTTWALD, <L (A 1910) PtcH., •The Ric-wlL Engr., Gee, Walker & Slater, Ltd., 3 Fiunmurlc^* 


Co., 1362 Union tkvmmereo Bldg., Cleveland, and 
21^3 Stillman Rd., Cleveland Heights, Ohio. 
f;OUU>ING, William (A 1933) Air Cond. Flngr., 
World Bfoadmiitlng Wem, Itic., 7U Fifth 
Ave., New Ytw'k, and #42 UlKhview Ave., 
Tuckidme, N, Y. 


Place, I^mlon, W.l, and ♦ 19 Bona Rd.» Trent- 
ham, near-Stt>ke-<jtt-Tr<mt, England. 

GREGG, Scaphan L. (A 1939; J 1936) ShU*# 
Engr., ♦ Pt>V>mac Electric Power (‘o., Tenth and 
E St». N.W., Wasltington. D, and 482H 
Edgemttor Lane, Bethes<Ui, Md. 
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GRIBBON, J. Harry (4 1941) Gen. Mgr., North- 
west Stove & Furnace Works, Inc., 2345 S.E. 
Gladstone St., and #3024 S.E. Gladstone St., 
Portland, Ore. 

GRIESS, PhUlp G. (M 1937) Mech. Engr.. 
Voorhees, Walker, Foley & Smith, 101 Park 
Ave., New York, N. Y., and • 189 Walnut Ave., 
Bogota, N. J. 

GRIEST, Kermit C. (A 1940; J 1936) Htg. Engr.. 
Frank-Limbach & Co., 1722 E. Ohio St., and 

• 437 Bausman St., Pittsburgh, Pa. 
GRIEWISCH, Alfred H. (A 1938) Pres., • Bayley 

Heating Supply Co., 2045 W. St. Paul Ave., and 
2557 North 47th St., Milwaukee, Wis. 
GRIFFIN, Charles J. (M 1940) Engr.-Custodian, 
Chicago Board of Education, 10354 Charles St., 
and • 8231 S. Loomis Blvd., Chicago, 111. 
GRIFFITH, Claude A. (A 1938) Htg. and Vtg. 
Engr., Griffith Air Conditioning Service, 16 
Altamont Terrace, Cumberland, Md. 
GRIFFITH, Herbert T. (M 1938) Design Engr., 

• Lincoln Bouillon, Consulting Engr., 1411 
Fourth Ave. Bldg., and 1909 Third Ave. S., 
Seattle, Wash. 

GRIFFITH, Joseph B. (A 1942; J 1938) Sales 
Engr., Utility Fan Corp., 4851 S. Alameda, I^s 
Angeles, and • 529 N. Gerona Ave., San Gabriel. 
Calif. 

GRIMES, Fenner M. (A 1942; J 1935) Assoc. 
Engr., War Dept., O. Q. M. G., Constr. Div., 
Fort Myer, and #849 S. Ivy St., Arlington, Va. 
GRITSCHKE, Elmer R. (M 1940) Consulting 
Engr,, • E. R. Gritschke, Cons. Engra., 123 W. 
Madison St., Chicago, and 1432 Gregory Ave., 
Wilmette, 111. 

GRIT2AN, L. LeRoy {M 1939) Vlce-Pres., Gen. 
Mgr., •United Equipment & Suppply Co., 1812 
M St. N.W., Washington, D. C., and 208 Edge- 
wood Ave., Silver Spring, Md. 

GROOT, Harry W. (M 1937) Chief Engr., The 
Home Comfortable, Inc., 912 Bajcter Ave., 
Louisville, and • R.R. No. 2, BeucKel, Ky. 
GROSS, Lyman C. (M 1931) Sales Engr., Minne- 
apolis-Honeywell Regulator Co., 2727 Fourth 
Ave, S., and • 6324 Oaklawn Ave., Linden Hills 
Station, Minneapolis, Minn, 
GROSSENBAGHER, Henry E. (A 1938) Pres., 

• Grossenbacher Furnace Co., Inc., 9416 W. 
Milton St., St. Louis Co., and 9741 Lackland Rd., 
Overland, Mo. 

GROSSMAN, F. Arthur (A 1942; J 1938; S 1937) 
Air Cond. Engr., Servel, Inc., and aliei E. 
Illinois St., Evansville, Ind. 

GROSSMANN, Harry A. (M 1931) Owner, H. A. 
Grossmann Co., 3138 Cass Ave,, and •3122 
Geyer Ave., St. Louis, Mo. 

GROVES, Samuel A. (A 1940; J 1935) Sales 
Supvr,, American Radiator & Standard Sanitary 
Corp., 32-04 Northern Blvd,, Long Island City, 
L. L, and •SO Cross St., Bronxville, N. Y. 
GUEST, P. L., Jr. (A 1939) Mgr., •P. L. Guest 
Sales Co., 311 Piedmont Bldg., and 716 Dover 
Rd., Greensboro, N. C. 

GUEST, Ross Burton (A 1940) Estimator and 
Engr., • Guest & Viviano Sheet Metal Works, 
Inc., 827-37 Dryades St., and 1043 Peniaton St., 
New Orleans, La. 

GUILBERT, Stanley R. (A 1940) Air Cond. 
Engr., The Riester & Thesmacher Co., 1626 West 
25th St., Cleveland, and •R.F.D. 3, Chagrin 
Falls, Ohio. 

GULER, George D. (A 1937) Eastern Supvr., 
A.C.C. Div., Minneapolis-Honeywell Reguktor 
Co., 221 Fourth Ave., New York, and eO 
McBride Ave,, White Plains, N. Y. 

GUMAER, P. WUcox (M 1937) Industrial Hyjriene 
Engr., • The Barrett Co., 40 Rector St., New 
York, N. Y,, and 25 Garden St., West Engle- 
wood, N. J. 

GUNTHORPE, Charles E. (A 1941) Mgr., Htg. 
Equip. Dept., Campbell Coal Co., 238 Marietta 
St. N.W., and •766 Flat Shoals Ave. S.E., 
Atlanta, Ga. 


GUNTON, Charles (A 1941) Vice-Pres., Service 
Heating Equipment Co., 305-1 1th St., and 

• 1339-64th St., Windsor Heights, Des Moines, 
Iowa. 

GURNEY, E. Holt (M 1929) {Presidential Mem- 
ber) (Pres., 1938; 1st Vice-Pres., 1937; 2nd Vice- 
Pres., 1936; Council, 1931-39) Pres., eThe 
Gurney Foundry Co., Ltd., 4 Junction Rd., and 
347 Walmer Rd., Toronto, Ont.. Canada. 
GURNEY, Edward R. (A 1940; J 1937) Asst, to 
Plant Supt., •Gurney Foundry Co., Ltd., 4 
Junction Rd., and 50 Eastbourne Ave., Toronto, 
Ont., Canada. 

GUSTAFSON, Carl A. (M 1938) Sales Engr., 

• The Powers Regulator Co-, 2720 Greenview 
Ave., and 6231 Fairfield Ave.. Chicago. 111. 

GUTKNECHT, Fritz (M 1940) Engr., •Blatt- 
mann Weeser Sheet Metal Works, Inc., 1001 
Toulouse St., and 6007 Woodlawn Place, New 
Orleans, La, 

H 


HAAS, Samuel L. {M 1923) Pres.-Treas., •Ad- 
vance Heating & Air Conditioning Corp., 117-119 
N. Desplaines St., and 4300 Lake Shore Drive, 
Chicago, 111. 

HACH, Edward C-* (M 1939) A.S,H,V.E, 
Research Laboratory, U. S. Bureau of Mines, 
4800 Forbes St., and ^221 Broadmoor Ave., 
Mt. Lebanon, Pittsburgh, Pa. 

HACKETT, Frank C. (A 1940) Resident Mgr., 

• Bell & Gossett Co., 4855 North 16th St., 
Arlington, Va. 

HADEN, G. Nelson (M 1934; A 1928; J 1922) 
Chairman and Managing Dir., • G. N. Haden ik 
Sons, Ltd., 19-29 Woburn Place, London, W.C.l, 
and 36 Wildwood Rd., London, W.C.l, England. 
HADEN, William N. {tAfe Member*, M 1902) 
Retired Chairman, G. N. Haden & Sons, Ltd., 
19-29 Woburn Place. I^ndon, W.C.l, and 

• Arnolds Hill, Trowbridge, England. 
HADJISKY, Joseph N. (M 1930) Consulting 

Engr., 744 Bates St., Birmingliam, Mich. 
HAERLE, Robert A. (A 1938) Design Engr.. 
Bayley Blower Co., lol7 South 66th St., and 

• 1438 N. Humboldt Ave., Milwaukee, Wis. 
HAGAN. WiUiam V. (M 1938; A 1933; J 1920) 

Secy., V. J. Hagan Co., 506 Pearl St., and • 1811 
Jones St., Sioux City, Iowa. 

HAGEDON, Charles H. (M 1910) Partner, • S. E. 
Fenstermaker & Co., 937 Architect and Builders 
Bldg., and 945 West 58th St., Indianapolis. Ind. 
HAHN, Roy F. (A 1941; 7 1936) Air Cond, Knjrr,, 
Advance Refrigeration, Inc., 350 Peachtree bt„ 
Atlanta, Ga. 

HAINES, John B. (M 1940) Mgr., Air Cond. 
Controls Div., • Minneapolis* Honeywell Regu- 
lator Co., 2747 Fourth Ave. S., and 2119 Hum- 
boldt Ave. S., Minneapolis, Minn. 

HAINES, John J. (M 1915) Pres., eThe Haines 
Co., 1931 W. Uke St., Chicago, and 623- 17th 
Ave., Maywood, III. 

HAITMANEK, Loula M. (A 103H) Htg. and Vtg. 

Eagr» 217 Rose St., Newark, N. J. 

HAKES, Leon M. CM 1932; J 1929) Rt‘sident 


HAKES, Leon M. CM 1932; J 1929) Rt‘sident 
Repr., •Warren Webster & Co., 2l0 ReynolcU 
Arcade Bldg., and 144 Inglewood Drive, Roches- 
ter, N. Y. 

HALE, Fredrick Jamee {M 1936) Mgr., • Empire 
Sheet Metal Work^ Ltd., 1606 W. Kfrmt Ave,, 
Vancouver, and 095 Mathers Ave., West Van- 
couver, B, C., Canada. 

HALE. John F. CLify Membert M 1902) (Pr«L 


1914) Diet. Mgr., •Aerofln Corp,, Room 544, 
U1 w. Washington St„ Chicago, and 615 W, 
Elm Ave., IkGrange. lU, 

HALEY, Harry S,* (M 1914) Consulting Engr. 
and Partner, oL^nd 3t Haley* 58 Sutter 

« San Fmndapo. Calif. 

HALL; Quurles J. (A 1989) Exec, Engr*» •Ameri- 
can Radiatw & Standard Sanitary Corp., 40 
Wwt 40th St., New York, and 140 Nortli St., 
Buffalo, N. Y. 
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HALL, Corticc H. (A/ 19:27) Chief Engr., Stoker 
Div., •Fairbanks, Morse & Co., and 1004 N. 
Main St,, Tliree Rivers, Mich. 

HALL, George (A 1037) Secy.-Treas. and Mgr., 

• Hyland, Hall & C<k, 218 N. Rassett St., and 
4201 Wunetiih Trail, Nukoma, Madison, Wia. 

HALL, John R. (.U 1037; J 1032) Exec. Engr., 
DeVilbias Co., and *2002 W. Central Ave., 
Toledo, t)hio. 

HALL, Mora S. (M 1934) •Paul Rosenthal & 
Associates, (KK) Newton Place N.W., Washington, 
D. C., and 38 and tUah, Rrcntwm)d, Md. 

HALL, Norman H. (/I 1039) Supvr. House Htg., 

• East ()hi(> Gas Co., East n2n(l Rt., North of 
St. Clair, Cleveland, and 147 Ueachview Rd., 
Willoughby, ( >hio. 

HALL, Truman A. (.1 1940) Field Engr., Dygert 
Distributing (?o., 1 Ionia Ave. S.'VV.. Ctrand 
Rapids, Mi<‘h. 

HALLRR, Arthur L, (A/ 1920) Pres.-Treas., 

• Haller Appliance Sales Co., Inc., 3903 Olive 
St„ St. I-ouis, and 7485 Drexel Drive, University 
City, Mo. 

HAMAOHKR, K. P. (Af 1938) Partner, •Ilam- 
acher 8t WllHums. 2540 W. Wells St., and 4387 
S, Austin Ave., Milwaukee, Wis. 

HAMXG, Louia L. (A/ 1941; A 1040; J 1935) 
Kngr., John I>. Fitlvey, Cons, Engr., 315 N. 
Klghth St., and •3514 llUih St., St. Uniis, Mo. 
HAMILTON, Howard S. (A 1940) Owner, Air 
("omfort Co., 1214 N, Astor St., and •1214 N. 
Astor St., Milwaukee. Wi«. 

HAMLKT, F. Aylmer (A 1935) Branch Mgr., 
Sstles Dmre, A. Dunham C'o., Ltd., Domin- 
ion Scjtmre Bldg., Room 832, 1010 St. Catherine 
St., and 3550 Shuter St., MontresU, C2«e., ('unada. 
HAMLIN, James B., Jr. (A 1937) Htg. Engr., 
Crane (Vi.. 14 W. Br<wid St., and •1530 East 
5 1st St., Savannah, Giu 

HAMP1,E, Ilenry J. (A 1939) Student, Carnegie 
Institute of Technology, and •4921 Forbes St., 
Pittsburgh, l^t. 

HANBURC;RR, Fr«d W. (M tW) Consulting 
Engr., 252 West 7Uth St*. New York. N, Y, 
HANLKIN, Joseph U. (Af 1937) Viee-PrcHJ., 

• Wilberding ('o., tne., 1822 Eye St. N.W., and 
6420 t'onnrt^oia Ave. N.W„ Wuthington, D. C, 

HANLEY, Edward V, (A 1933) Pres., eS. V. 
Hanley Co., 155,3 N. Farwell Ave., Milwaukee, 
and 844 E. Birch Ave., WhlteUsh Bay, Wls. 
HANLEY, T, F.. Jr. (M 1933) Pres,, Hanley & 
Co„ 1503 H. Middgan Ave., and • 1540 I^st 
50tlj St.. Chicago. 111. 

HANNK<;AN, william CM 1940) Bldg. Supt., 

• Acacia Mtitu.tl Life InmtmnceCo.,51 Umisiunu 
Ave., Washington. D. C\, and Route 2, Silver 
%ring, Md. 

HANERN. JohnT. (A 1941) The Herman Nelson 
Com., Moline, 111., and •721'-34tU St., Des 
Mt»mes, Iowa. 

KANBLER, John E, (Af 19.37) 723 Glen Ave.. 
Westtield, N. J. 

HANSON, Lion <L (A 19l«| Secy .-Mgr., • Bjork- 
mttn Ilms. Co.. 712 Tenth St, S., and 4713 Townes 
Kd„ MinmKiptdU, Minn, 

HANSON, Uitia P, (M 1937; A 1035; J 1935; 
19H3) knar,, U. H. Air CoiMlitlonlng Corn., 2101 
Kennf^ly N.K,. and •GtW NokomU Ave. S., 
Mianmpntis, Minn, 

HANTHORN, Watcar U 1939) • {Cleenair 

Funtare (^o,, 6329 N.K. Blvd„ and 2945 
Nortbeasi 54tb Ave., Pf^rtlawl, Ora, 
HARRERGER, <L L, (A 1930) Sales Max., 
Peertesi Heating Div., The Eastern F<mndry Co., 
Spring R Sctvuner Stt„ Boyrrtown, and a 541 
lOng^., Pouetown, £^. 

HARBfNt Frank* ir, at 1941) Hfg. Engr., 

• Home Ftirnace Co., Sixth St. and P. M, Ry., 
and 131 West 2Iit HoUand, Mich. 

HARBORDT, otro E. [A 1935) Sates Mi^., 

• ll a Supply (M.. 1316 West mh and iM 
West 51, Eanaasaty. Mo, 

HARD* Amoa L, (4 1928) Chief Engr.. Thos. 
Emery 9t Skms Co,» Carew Tower, ana nOlO 
Ends Lane, Ctndnmitl, Ohio, 


HARDEN, J, Clinton (M 1938) 106 Courtland 
St., Dowagiac, Mich. 

HARDING. Edward R. (Jl/ 1935) N. C. State 
Sales Engr., •Kewanee Boiler Corp., P.O. Box 
536, 1003 Jefferson St. Bldg., Greensboro, and 
Guilford College, N. C. 

HARDING, Louis A.* {Life Member] M 1911) 
{^residential Member) (Pres., 1930; Ist Vice- 
Pres,, 1929; 2ncl Vicc-Pres., 1928; Council, 1922; 
1924; 1928-31) 85 Cleveland Ave., Buffalo, N. Y. 

HARDY, Frank L. {A 1941; J 1937) 2019 Arling- 
ton Ave. S., Birmingham, Ala. 

HARE, W. Almon {M 1030) Exec. Partner, 
Sawyer- Hare Furnace Co„ 5730 12th St., Detroit, 
Mich., and •SSS Kildare Crescent, Windsor, 
Ont., Canada. 

HARMONAY, William L. {A 1935) Pres., 

• Michael Harmonay Corp., 124 Elm St., and 
1346 Midland Ave., Yonkers, N. Y. 

HARRIGAN, Edward M. {M 1915) Gen. Mgr., 
Harrigan k Reid Co., 1365 Bagley Ave., Detroit, 
Mich. 

HARRIGAN, Edward R. (M 1939; J 1930) Sates 
Engr .-Diet. Repr., •General Electric Co., 570 
I^cxington Ave., New York, N. Y., and 19 
Erwin Place, Caldwell, N. J. 

HARRINGTON, Elliott* {U 1932; A 1930) In 
cliarge of Induction Sales, Industrial Dept., 
Building 2, General Electric Co., Schenectady, 
N. Y. 

HARRINGTON, Larry J. {M 1941) Pres., • Urry 
Harrington Co., 633 S.E. Morrison St., and 8530 
S.E. Lambert St., Portland, Ore. 

lURRIS, Albert M. {M 1938) •Harris & 
Bceman, Inc., SOI) E. Third St., and 3207 
Denman St., Fort W^orth, Tex. 

HARRIS, Jesse )B. {M 1918) Co-Partner, • RtJsc 
& Harris Engineers, 415 Essex Bldg., and 35^ 
Colfax Ave. S,, Minneapolis, Minn. 

HARROWER, William C. {A 1937) Air Cond. 
Engr., Timken Silent Automatic Div„ 100 Clark 
St„ Detroit, and •12551 Tldrd Ave., Highland 
Park, Mich. 

HART* Harry M.* {M 1912) {Presidential Member) 
(Pres., 1915; 1st Vice-rres., 1916; Council, 
1914-17) Pres., •!., H. Prentice Co., 1048 
Van Buren St., and 3730 l.akcshore Drive, 
Chicago, 111. 

HART, Stanley {M 1938) Vlcc-Prea., Tuttle & 
Bailey, Inc., New Britain, Conn. 

HART, Theodore S. {M 1938) Engr., ♦Tuttle & 
Bailey, Inc., and 530 Lincoln St., New Britain, 
Conn. 

HARTIN, William R., Jr. U 1936) Vice-Pres- 
Secy., W. R, Hartin 8s Son, Inc., 2l23 CJrecn St., 
and *2744 TrenUoIm Rd., Ctelumbiti. S. C. 

HARTMAN, John M. (M 1927) Engr., •Ke- 
wanee Boiler Corp., and 518 Elliott St., Kewanee, 
HI. 

HARTON, A. J. (A 1986) Sales Engr.. St. Joseph 
Kiiilway, Light Iletit 8c Power Co., 620 Francis 
St., and •780 E. Hyde Park Ave., St. Joseph, 
Mo. 

HARTSOOK, Granville S., Jr. {A H)39) Owner. 

♦ G, S. Hartsook, Jr„ Plbg. and Htg. Contr., 
P.O. Box 351, and 112 E, Fourth St., Front 
Royal* Va, 

lURTWKlN, C* E. (A/ 1933) Supvr., Houle 
Heating and Service Dlv„ • St, Louis County 
Gas Co., W. lyockwood Ave., Webster 
Groves, and 136 Peeke Ave., Kirkwood, Mo, 

HARTWELL* Josoph C. {M 1022) Pwn, and 
Trea*., • Hartwell Co„ Inc,, 87 Weybosset St., 
and 15 Freeman Parkway. Providence, R, L 

HARVEY* Alamnder D* {A 1028; / 1925) Sates 
Mgr,, •Kimberly-Clark (*ofp„ and 819 E. 
Forest Ave,, Neenah, Wls, 

HARVEY, Lyle O. {M 1928) Pres., The Bryant 
Heater Co,, 17825 St, C^ir Ave., ClevHand, 
Ohio. 

HASHACEN* John S. {M 1930) P, 0. Box 274* 
UPorte, Ind, 

HATCH* Gaorda (4 1941) Pres,, Air (Conditioning 
Engineering Co.. 1104 Buy St,, and • Park PU^sa, 
Toronto, Ont., Canada. 
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HATCH, O. J. (A 1941) Mgr.. •Clare Bros. 
Western Ltd., 179 Notre Dame Ave. E., Winni- 
peg., and 267 Berry St., St. James, Winnipeg, 
Man., Canada. 

HATTIS, Robert E. (M 1926) Consulting Engr., 

• Board of Trade Bldg., and 1454 W'. Fargo 
Ave., Chicago, 111. 

HAUAN, Merlin J. (M 1933) Consulting Engr., 
3412-l6th S., Seattle, Wash. 

HAUGK, EldenL. (A 1940; J 1936) Mgr., • Hauck 
Bros., 232 S. Center St., Springfield, and 1010 
S. Main St., Dayton, Ohio. 

HAUER, Fred (A 1938) Owner. • Fred Hauer & 
Co., Ill N. Water St., and 315 Elmhurst Ave., 
Peoria, 111. „ 

HAUS, Irvin J. (A 1937; J 1935) Engr., Everett 
Smith Automatic Temperatures, Inc., 789 N. 
Water St., and • 5410 W. Center St., Milwaukee, 
Wis. 

HAUSMAN, Louis M, (M 1935) Pres., L. M. 

Hausman & Co., P. O. Box 1729, Manila, P. I. 
HAUSS, Charles F.* (Li/c Member; M 1922) 
Ball Heights, California, Ky. 

HAWES, Harold D. (7 1942; S 1940) Master 
Sergeant, U. S. Army, 208th C.A. (AA), Hq. 
Btry., Quincy, Mass., and ^434 Toilsome Hill 
Rd , Bridgeport, Conn. 

HAWISHER, Harold H. {A 1938) Mech. Engr., 

• Automatic Heating & Engineering Co., 416 N. 
Main St., and 411 S. Jamison Ave., Lima, Ohio. 

HAWK, Joseph K. (M 1939; J 1936) Sales Engr., 

• W. A. Case & Son Manufacturing Co., 31 Main 
St., and 203 Woodward Ave., Buffalo, N, Y. 

HAYES, James J. (M 1920) Vice-Pres., •Stan- 
nard Power Equipment Co., 53 W. Jackson 
Blvd., and 7443 Jeffrey Ave., Chicago, 111. 
HAYES, Joseph G. {Life Member; U 1908) Pres, 
and Engr., •Hayes Brothers, Inc., 2.36 W. 
Vermont St., and 2849 N. Capital Ave., Indian- 
apolis, Ind. 

HAYES, Orris J. {S 1941) Student, T University 
of Minnesota, and •2630 Irving .Ave. N., 
Minneapolis, Minn. 

HAYMAN, A. Eugene, Jr. (A 1941; J 1935; .3 
1930) Draftsman, Moody & Hutcliison, Con- 
sulting Engrs., 1701 Architects Bldg., Philadel- 
phia, Pa., and •2716 Washington St., Wil- 
minmon, Del. 

HAYNES, Charles V. {Life Member; U 1917) 
{Presidential Member) (Pres,, 1934; 1st Vice- 
ITes., 1933; 2nd Vice-Pres,, 1932; Council, 1926- 
2^- 1932-35) 263 E, Wynnewood Ave., Merion, Pa. 
HAZLEHURST, H. D. (A 1939) Southern Cali- 
fornia Gas Co., 810 S. Flower St., Los Angeles, 
and • 130 E. Garvey Ave., El Monte, Calif. 
HAZLETT, T. Lyle, M.D. {M 1938) Medical 
Dir., •Westinghouse Electric & Manufacturing 
Co., East Pittsburgh, Pa. 

HEAGERTY, WiUiam H. (A 1923) Sales Engr., 

• 1427 Eye St. N.W.. and 5100 N. Capitol St.. 
Washington, D. C. 

HEALY, Charles T. {J 1940) Dist. Mgr., Minne- 
apolis-Honeywell Regulator Co., 713 Maritime 
Bldg., New Orleans, La. 

HEATH, William R. {M 1931) Asst. Chief Engr., 
Buffalo Forge Co„ 490 Broadway, and •119 
Wingate Ave., Buffalo, N. Y. 

HEBLEY, Henry F. (M 1934) Prod. Control 
Mgr,, •Pittsburgh Coal Co., Office No, 3, 
Library, and 210 Jefferson Drive, Mt, Lebanon, 
Pittsburgh, Pa. 

HECHT, Frank H. {M 1930) Sales Engr., • B, F. 
Stmtevant Co., 2635 Koppers Bldg., and 1467 
Bamesdale St., Pittsburgh, Pa. 

HECKEL, Edmund P. {M 1918) E. P, Heckel & 
Associates, 407 S. Dearborn St., Chicago, and 

• 314 Cuttriss Place, Park Ridge, 111. 

HECKEL, Edmund P,, Jr. {J 1941) Engr.. 

• Buffalo Forge Co., 490 Broadway, and 226 
Linwood Ave., Buffalo, N. Y. 

HECKLER, Samuel (7 1937) Engr., •West- 
chester Square Plumbing Supply Co., Inc., 4617 
White Plains Ave., and 2800 Creston Ave., 
New York, N. Y. 

HEDEEN, Laurel E, (A 1941; 7 1938) 817 Kings- 
ley, Waterloo, Iowa. 


HEDGES, H. Berkley (M 1919) Mgr., Industrial 
Sales, ejohn J. Nesbitt, Inc,, Ilolmesburg, 
Philadelphia, and 114 Waverly Rd., Wyncote, Pa. 
HEDLEY, Park S. {M 1923) Mfr. Repr., •Park 
S. Hedley Co., 361 Delaware Ave., Buffalo, and 
31 Westgate Rd., Kenmore, N. Y. 

HEEBNER, Walter M. {M 1922) Sales Engr., 
Warren Webster & Co., 20 Washington Plac(‘, 
Newark, and #282 Highwood Ave., Teaneck, 
N. J. 

HEIBEL, Walter E. {M 1917) Dist. Mgr., •Aero- 
fin Corp., 11 West 42nd St., New York, N, Y., 
and Old Greenwich, Conn. 

HEILMAN, Russell IL* {M 1923) Sr. Industrial 
Fellow, • Mellon Institute, and 2303 Beechwood 
Blvd., Pittsburgh, Pa, 

HEINKEL, Charles E. (7 1938) Bmnch Mgr., 

• The Trane Co., 310 Postal Bldg., and 1956 
N.W. Raleigh. Portland, Ore. 

HEISTERKAMP, Herbert W. (A 1940: 7 1937) 
Mgr., Air Cond. Sales, Bryant Heater (^o., 17825 
St. Clair Ave., and • 18103 East Park Drive, 
Cleveland, Ohio. 

HELBURN, 1. B. (W 1929: 7 1927) Jr. Assoc., 

• Wyman Engineering, 1306 Chamber of C'om- 
merce Bldg., and 3815 Winding Way, C'incinnati, 
Ohio. 

HELLER, Joseph A, (A 1038) Sales, •Air 
Conditioning tUilities ('<>., 8 West 4011: St., an<l 
150 West 79th St., NVw Ytirk, N, Y. 
HELLMERS, Charles C., Jr. (.1 1942; 7 1937) 
Gas Htg. Kngr., • lo\va-Nebra‘»ka I.ight 
Power Co., 1401 *'0** St., and 2554 Wotxisflale 
Blvd,, Lincoln, Nt‘br. 

IlELLSTROM, John (.1 1929) Viee-Pres., 

• American Air Kilter Co., inc., 215 t'entral 
Ave., and 423 Lightfoot Rd., I-otiisville, Ky. 

HELSTROM, Clifford W. (M lUliH) Mgr. Htg. 
and Plbg. Dept., <»lobe Machinery 8: Supply Co., 
E. First and Court Ave., and • 1614 Thomiwon 
Dos Moines, Iowa. 

HELSTROM, Herman G. (A/ 1928) Kirehox 
Boiler and Stoker Div., William Him. Boiler & 
Manufacturing Co., Nicollet Island, and *4608 
Arden Ave. S., Minneapolus, Minn. 

HELWICK, Numa John (M IfMO; A 1940) 
Secy, and Mech. Engr., •Ameriran Healing St 
Plumbing Co., Inc., 829 Haronue Si., und 809 
Greenwood St,, New Orlwns, Lu, 
HENDERSON, Alexander S. (7 1940; S 1038) 
Designing Engr., aS. K. (AustmlUO Pty., Ltd., 
Oswald Lane, r>arl2nghuntt, and 65 Kustwood 
Ave., Eastwood, N.S.W., Auatralia, 
HENDRICKSON, Harold M, (W 1934) Asst. 
Branch Engr., •York Ice Muchim^ry <*orp., 
5061 Santa Fe Ave., Los Angeles, and 3901 
Liberty Blvd., South Gate, ('tiUL 
HENDRICKSON, Ralph L. {M 1938) Chief 
Engr., •UtUitUrs Engineering Institute, 1314 
Belden Ave., and 6125 KenwmKl Ave., C'ldcago, 
111 . 

HENDRICKSON. W. B. (A 1940) Sttrvice Mgr., 
Highwood Coal Co., Inc,, 5 Siieffleld Ave., 
Englewood. N. J* 

HENDRIKSBN, Leonard (A 1938} Prop.. Hen- 
driksen SJieet Meul Sc. Heating Service. 1019 
Vernon Ave,, Flint, MRh. 

HENION, Hudson D. (A 1923) Hales Mgr., 

• C. A. Dunham Co,. Ltd., 1523 Oftvenp(»rt Kd.. 
and 45 Ridge Drive, Toronu>, Ont., ('unada. 

HBNNESSY, William J. (M 1038) 1238 47th Ht., 
Des Moines, Iowa. 

HENRY, Alexander S., Jr. (M 1930) Mech, 
Engr., R. K. O., 1270 Sixth Ave.. and #300 
Central Park West, New York* N* Y. 

HENRY* Ernest C. (M 1038) Owner* E. C. 
Henry Co„ 1317 S. Water SL, and #1115 Park 
Ave., Bay City, Mich, 

HEPBURN, B, M. (A 1040) Branch Mgr., 

• Empire Brass Manufacturing Co., Ltd*. 74 
Princess St., ai^ 10^ McMillan Ave.* Winnipeg. 
Man., Canada. 

HERBERT, James S. (7 1940) Sales Engr.. 

• Blue Ridge Glass Corp.* and 165 VV, Hevler, 
Kingsport, Tena* 
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HERBERT, Richard M. tJ U»;i8> Lt., A.C., 
BKX>kR MHd, and •1U» IlartlinK Sun 

Anlonit*, Tvx. 

HERINC;, Mfr<KH,U imt IU‘rin« Ih-ating 
On., Inc., K,i«t HHtU St., aiifl • IH-’iO Tcn- 
bnwH'k A VC., NVw Vork, N. V. 

HERLUIV, J4>remi«ih J, Manhtr: M 1UI4) 
»7/SI Kddy St., <’hi< ,w). HI, 

HERMAN, Neil B. ij 10117; N 1030) ICnur., 
RigKK, Dixtlcr & <‘o., 5 JO O'iftU Avi*., New 

" ‘ ‘ M2 17 (iurficltl Avc. S., 


RigKK, Dixtlcr & <‘o., 5 JO O'iftU Avi*., New 

Vnrk, N, Y., uml .H^l? (iurfieltl Ave. S., 
MinneaiHdlx, Minn. 

HERO, <;e<>ra« A., Jr. (A/ lOUM Partner, Airfltw 
(to., H15 Haronne St., NVw <)rlt*un«, unti eRj). 
Box In, (rfetna, l>a. 

HERRE, lUrold A. (J 10 11; S 1040) Air tUmd. 
Kngr., Hrrre and •atU’V Mtmtrose St., 

HarriKlutrg, Pa. 

HERRE. Howard M, iS 104U #(’arneKie Insti- 
tute of Te<*hm»l»my, TiOJil) PorlH*H St., PIttHburgh, 
and ao.1 Motttnwe St.. HunrNburg. Pa. 

HERRING, RdUar (A>/r im) Oudr- 

man and (HtmmttK IMr., aj, Jeffrey# & Co., 
St. C^tirjieW Hontie, 10,V2(m Waterloo Rd., 
la^ndon, S.K.I, anti "Kenla," Ke«wU‘k Rd., 
Putney, l.omUm, S.W., Pingfand. 

HBRSH, Rranktln <1. (Af 1930; A. lOitt; J 1«30) 
Tech. Enis^r., Pennjtylvanin Power ite I.Ight Co., 
901 Humnitm St., and *317 South loth St., 
Allentown, Pa. 

HERSHEV, Albert K.'^ (A/ lUW) Remrch Ami, 
Pr^rf., •f'nivetjflty of lltinoifi, and 408 K. Wa»h- 
intttfm. t.tlMtu. tll. 

HERSiCE, Arthur R, {A/ l«2«i Prea., Herxke & 
Timmts, Im:.. Wen doth .St., New York, and 
• lOl Hr<KtkheUI Kit.. ,VH. Vernon, N. Y. 

HERTY, Frank tl. iU Hi:t:n The Cm Engine & 
Klectrte Co„ Itie.. 2H0 Mei^ting St,» awl •204 
(’nngrerw St,, ( hartenton. S, 

ItSRTTXER, John R,^ {M lU3d; J 1928) Gen. 
Sttle* Mgr.* •Y‘«rk Ice Machinery Corp,, und 
m .S. Getirge St., Yiirk, Pa. 

HKE8, Arthur J, (Af tWi Kngr., •Kngllfih fk 
latuer, lm%, JilTH H. Um Angelex St., law Angeles, 
and 897 hlmU Vetta, f^«adenu, Cullf. 

nEERKUSGflWEROT. AuEuat Ludwig, Jr., (M 
JWOi J 1937) Pri>f. ^Irch. Kngrg., Wayne 
Gnlveririty, College of Kngtnmlng. 4H4I (aiw 
Aw„ and • IflAlO Fenmiite Ave., Detroit, Midi. 

IIE8ELRR, twicor W, imi Mgr,, The Tmnn 
Co., xm N. Third St., and •*1034 N. Buyridge 
Av«m Mllwaukffe, Ml#, 

HEETER, Thomgg J. (M IDIO) VhwsPreH., 
Trmn., oHridet; Kraitley (*<>.. 2^ Wu^Ington 
Av«,. St, tamtii, a»»d 87 Aberdeen Place, Clayton, 
Mo, 

ilEWrrr, John B. at \m-, a Sate« Mgr.. 
AfiemnntHt CV»rp, *4 AmeflAi. 10 Ihuit $9th St.. 
New Viirk, «ttd ♦ UW) CiK-hrane Ave., Hattingii- 
iin4tndinMi, N, V, 

HEYDON, Ghwrtog <i. (4 1923) Mgr., Salw of 
Wegtern tev., Wright Auxtln tto.. 210 W. 
W^hridge St.» und • 20Hl Nobru#ku, Detroit, 

HEVMEFIEtD. UonHV^t R« at liHlf A 1926) 
AtthxnuiUt Hig, fttutrurlor. Brooklyn Teehnlotl 
am! u47S Third Bt., Brooklyn. 

msm, Frnidi t). at mrt lUg. Kngr,. Tlie H. B. 
HtnhH Ci^, lm;,A SsiOii c'heiitnut St., anti *840 
Nu^ 60th BIh PhiUiidelphln. Ps« 

tlK;iLEV, tmitlei W. (A 1931) Pres,. •!>, W. 

Ik Co,* I ms,* DM I Pnlvendty Ave., nnd 
IfrdiihdtMnd Pkwy„ St« Paul, Mlim, 

HICCIIAN* tHwhdre V* (4 1938) Hates Knjrr., 
p Anemostui VUTM* <4 Amerlcu. I tSW Folsom St., 
tfmmiimf*, god 433 Hsn PkRi> Ave,. Daly 

Oty. Cm|5, 

HIERE* Ouiflgil R* IM \mt J 1927) HgUw 
Munoiurtiimiig < *>,. wl Park Ave.. New Ywk, 
und * 19 Westminster Kd*. (Iwit Neck, U h. N, V, 

HIGH* Inliii M. (M INOi A \mX Miff,, (ntu- 
Utl^ Ihv., #7110 HttberokI < o., s6p Plftli Ave*, 
und 3B6 lOdngum Ave.. New S'ork* N. V, 


UILDER, Frederick h, {M 1937) Chief Engr., 
Electric Furnace- Man, Inc., Emmaus, and 

• 2004 Walnut St., Allentown, Pa. 

HILDRETH, Egbert S. (A 1930) Air Cond. Engr., 

• Indianapolis Power & Light Co., 17 N. 
Meridian St., and .5025 E. Michigan St., India- 
napolis, Ind. 

HILL, Charles F. (A 1942; J 1930) 52 Grace St., 
Malden, Mass. 

HILL, Edward, Jr, (.4 1942; J 1939) 1st U„ 
United States Army, Camp Roberts, and • 102 
12th St., Paso Robles, t'alif. 

HILL, E. Vernon, M.D.* (M 1914; A 1912) (Pr«i- 
drnlial Member) (Pres,, 1920; 1st Vice-Pres., 
1919; 2nd Vice-Pres., 1918; Council, 1915-21) 
0826 Newell Ave., Chicago, 111. 

HILL, H.'C. iJ 1938) Mgr., Furnace & Air Cond* 
Div., Crurney Foundry Co., Ltd., Junction Rd., 
and •? Armadale Ave., Toronto, Ont„ Canada. 

HILL, Harold H. (Aif 1935) Dist. Mgr., •Ameri- 
can Blower Corp„ 1211 Commercial Bank Bldg., 
and 2726 Willow Drive, Cixarlotte, N. C. 

HILL, Jared A. (M 1938) Htg. and Air Cond. 
Engr., Pacific Gas & Electric Co., 245 Market 
St., San Francisco, and *715 I*aurel Ave., 
BurUngame, Calif. 

HILL, Vaughn H. (J 1938) Htg, Engr., Motor 
Wheel Corp., and *2111 Colvin ('curt, Lansing, 
Mich. 

HILL, Walter W. (J 1940) Engr,, ITnited Clay 
Products Co., 931 Investment Bldg., and •3416 
Fessenden St. N., Washington, D. C. 

HILLS, Arthur H. (M 1924) Mgr., •Sarco 
Canadii, Ltd., 86 Richmond .St, W., and 21 
Nealon Ave., Toronto, Ont., Canada. 

HINES, Guy M. (A 1937) Chief Engr., Texas 
Agricultural & Mechanical College, Power Dept., 
ami • P.O. Box 248, College Station, Tex. 

HINES, John C, (M 1937) Pres., •Hines Engi- 
neering Co., 4503 Lincoln Ave.. ('hiaigo, anfl 
6629 Ramona Ave., Lincolnwowl, 111. 

UINNANT, C. H., ir. {J 1938) Air Cond. Rnii-r., 
American Viscose CJorp., Dj'Uiwjin* Trust 
Bldg., Wilmington, and •602 C'laymont Apts., 
('laymont. Del, 

HINRIOHSEN, Arthur F. (Af 1928) Pres.. •A. K, 
Hinrichwn, Inc.,^ Church St., New Y<»rk, N.Y„ 
and Mounttdn l*akcs, N. J. 

HIRSOH, Martin H* (M 1938) Asst, Supvr., 
Cox 8e Shivens, Naval Architects, 11 Broadway, 
New York, and #65-74 Saundm St.. Fon‘«t 
Hills, L. L. N. y. 

HIRSCHMAN, William F* (A/ 1920) Pres, and 
Chief Engr.. W. K. Hirschman Co., Inc., 1245 
McEinlcy Place, and elOfi LeBnm Circle, 
Buffalo. N. Y. 

KITOHCOCK, PaulC. (.V/ 1981) Pres., •Hitch- 
cock (k Eetaorook, Inc.. 521 Sexton Bldg,, and 
6130 Harriet Ave., Minneapolis, Minn. 

• HITT, John 0. (A 1986) Branch Mgr., •Holland 
Furnace Co.. 66 18th St., und Howard Place. 
Wheeling, W. Va. 

UOBBIE,%. H. <A 1937) Mgr*. Sales PromoUon, 

• Mlwiislwi Glass Co., 220 Fiftli Ave., New 
York, N. Y7, and Rldgedule Ave., ETorham Park, 
N.J. 

IIOBES* J. O, (Af 1920) Vlce-Pres,, # Dlumoml 
AlkaU Dj,, P.O. Box 430, and 00 VV<kkI St., 
PalnesvIUe. Ohio, 

HOBBS. WlUlam 8. (A 1936) «P.O. Box 269. 
and 827 Park Ave., Swarthmore, Pa. 

HOCRBNSMITH, Ft«ncU E. (A/ 1936) CTdef 
Engr., •Lennox Furnace Co., Inc,. 400 N. 
Midler Ave., and 458 Plymouih Drive. Hyracme, 
N, y. 

HODOB, William B. (A/ 1934) Vice-Pres.. 

• Parl(»-Cramor Co.. P.G. B(»x and 2600 
Roewell Ave., Charlotte, N. C. 

HOBCICKR* George F., Jr. (A 1941) Sales Mgr., 
Sears. Roebuck & Co., Union City, and •520 
Burton Ave., Hasbrouck Heiglds, N. J. 

HOEY* James K. (A 1938) Pres,. Crater Metal A 
Bngiiiewliig, Ine., U2 N. Front St., urHl U9 
Lincoln St., Medford, and • Box 2241, Poitluml. 
Ore. 
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HOFFMAI^ Charles S, (Af 1924) Pres.. Baker 
Smith & Co., Inc., 576 Greenwich St., and *77 
Park Ave., New York, N, Y. 

HOFFMAN, Harry (Af 1939) Branch Mgr., 

• Johnson Service Co., 105 Piedmont Bldg., 
Greensboro, and Route 1, Guilford College, N. C. 

HOFFMAIW, Angelo (A 1938) Vice-Pres., •Louis 
Hoffman Co., 117 W. Pittsburgh Ave., and 4850 
N. Oakland Ave., Milwaukee, Wis. 

HOGAN, Edward Lawrence* (M 1911) Gen. 
Consulting Engr., American Blower Corp., 

• P. O. Box 58, Roosevelt Park Station, and 
Alden Park Manor, 8100 E. Jefferson Ave., 
Detroit, Mich. 

HOGUE, WUliam M. (A 1935) Sales Engr., 

• United States Electrical Motors, Inc., 200 E. 
Slauson Ave., and 4839 Keniston Ave., Los 
Angeles, Calif. 

HOKANSON, Carl G. (Af 1941) Owner, mC. G. 
Hokanson Co., 8373 Melrose Ave., and 1100 
Casiano Rd.. Bel- Air, Los Angeles, Calif. 
HOLDER, Leonard H. (A 1941) Owner and Mgr., 
April Showers Co., 4126 Eighth St. N.W., 
Washington, D. C. 

HOLLAND, George R. (J 1941; S 1938) Field 
Supvr., Abbott Lester & Co., 140 Cec^r St., 
New York, and *92-05 Whitney Ave., Elm- 
hurst, L. L, N. Y. 

HOLLAND, Robert B. (M 1938) Sales Engr.. 

• York Ice Machinery Corp., 1275 Folsom St., 
San Fiandaco, and 607 Sausalito Blvd., Sausalito, 
Calif. 

HOLLAND, William T. (A 1942; J 1941; 5 3940) 
Engr., • Thomas E. Hoye Heating Co., 1906 W. 
St, Paul Ave., and 2338 North 71at St.,' Mil- 
waukee, Wls. 

HOLLISTER, Norman A.* (M 1933) Sales 
Engrg., Air & Refrigeration Corp., 475 Fifth 
Ave., New York, and •7101 Colonial Rd., 
Brooklyn, N. Y, 

HOLMES, Arthur D. (M 1935) Vice-Pres., 

• Plumber Supply Co., 323 W. First, and 1848 
East 18th St., Tulsa, Okla. 

HOLMES, Paul B. (A 1936) Branch Mgr., 

• National Radiator Corp,, 600 W St, N.E., and 
4525 Fessenden St. N.W., Wa^ngton, D. C. 

HOLMES, Richard E. (A 1938; / 1934) Air Cond. 
Design Engr., Westinghouse Electric & Manu- 
fecturing Co., 653 Page Blvd., and •23 Puritan 
Cirde, Springfield, Maas. 

HOLSWORTH, Robert C. (ikf 1940) Consulting 
Engr,, P. 0. Box 1981, Corpus Christi, Tex. 
HOLT, James (M 1933) Assoc. Prof, of Mech. 
Engrg., • Massachusetts Institute of Technology, 
Cambndge, and 1062 Massachusetts Ave., 
Lexington, Mass. 

holt, Walter H. (J 1938) Sales Engr., • Federal 
& Marine Dept., Buffalo Forge Co., 512 Wood- 
wd Bldg., Washington, D. C„ and 7114 ‘ 
Gloster Rd., Woodaires, Md., (P. O. George- 
town, D. C.). 

HOLUBA, H. jr. (J- 1938) Jr. Sales Engr., aHer- 
man Nelson Corp., and 1215 16th St., Moline, lU. 
HOLZER, Rudolph J., Jr. (A 1942; J 1940) 
Engn and Estimator, Holzer Sheet Metal Works, 
317 Burgundy St„ and •3738 Octavia St, New 
Orleans, La. 

HONERKAMP, Fritz (M 1937) Chief Engr., 

• Anemostat Corp. of America, 10 East 39th St.. 
New Yo^, and 67-12-50th Ave., Woodside, 

HOOD, Leslie A. (M 1941; A 1929) Asst Sales 
Mgr., • Trane Co. of Canada, Ltd., 660 St. 
Cathenne St. W., and 6210 Somerled Ave., 
Montreal, Que.. Canada. 

HOOK, ]Frank W. (M 1938) Branch Mgr., 

• Johnson Service Co., 814 Rialto Bldg., and 
2444 Larkin St., San Francisco. CaSf. 

HOOVER, WilUam L. 1940) Sales Engr., 

P.O. Box 631, Falls Church, Va. 


HOPPER, Garnet H. (M 1923) Engr., Taylor 
Forbes, Ltd., 1088 King St. W., and • 19 
s Brummel Ave., Toronto, Out., Canada. 
HOPPER, John S.* (M 1938) .Assoc. Prof. Mech. 
Engrg., A. & M. College of Texas, l^Icch. Engrg. 
Dept., College Station, Tex. 

HOPSON, William T, (Lt/e Membfr; M 191,5) 
Pres., eThe Hopson & Chapin Manufacturing 
Co., and 217 Ocean Ave., New London, Conn. 
HORCH, George E. 1939) Mech. Engr., 

• Wm. B. Ittner, Inc., fill Locust St, St. Loui.s, 
and 436 Park Ave., Webster Groves. Mo. 

HORNE, Herbert F. (A 1940) Sales Engr., Johns- 
Manville Co., 826 Woodward Bldg., Washington, 
D. C., and • 1721 Queens Lane. Arlington, \ a. 
HORNUNG, J. C. (Life Member; M 1914) Retired. 

854 Bluff St., Glencoe, 111. 

HOSHALL, Robert H. (M 1930) Partner, •Allen 
& Hoshall, Consulting Engrs., 65 McCall Place, 
and 1844 Cowden Ave,, Memphis, Tenn. 
HOSKING, Homer L. (M 1930) N. Y, Sales Office, 

• Pacific Steel Boiler Corp., 101 Park Ave., New 
York, and 208 Madison Rd.. Scarsdale, N. Y. 

HOSTERMAN, Charles O. (M 1924) Supt, The 
McMurrer Co., 303 Congress St., Boston, and 

• 25 Bateswell Rd.. Dorchester, Mass. 
HOTCHKISS, Charles H. B. (Af 1927) Vice- 

Pres. and Dir-, Ameresco, Inc., 50 Church St., 
New York, N. Y. 

HOUCK, Robert C. (J 1941) Engr., Kimble 
Glass Co., Crystal Ave., and *723 Wood St„ 
Vineland, N. J. 

HOUGHTEN, Ferry C.* (M 1921) Dir., • A.S.H. 

V. E. Research I.^bomtory, V. S. Bureau of 
Mines, 4800 Forbes St., and 1136 Murray hill 
Ave., Pittsburgh, Pa. 

HOULIS, Louis D, (M 1935) Chief Engr., Master 
Baker Ovens, and *830 Pedretti Rd., We.d 
Price Hill, Cincinnati, Ohio. 

HOULISTON, George B. (A 1928) St^ry., The 

W. C. Green Co., 704 Race St., Cincinnati, Ohi<#, 
and •S? Chalfonte PI., Fort Thomas, Ky. 

HOWARD, Fenton L, (Af 1937) ChM Engr,, 

• Industrial Training Institute, 2ir>0 W. I 4 iw. 
rence Ave., Chicago, and 1613 S, Prospect Ave., 
Park Ridge, 111. 

HOWATT, John* CM 1916) {Presideniiat Member) 
(Fjes., 1936; 1st Vice-Pres., 19.34; 2nd Vice-Pres.. 
1933j Council, 1927-36) Chief Engr.. eBtaird 
of EducaUon, 228 N. LavSalle St., and 4815 
Kenwood Avcy Chicago, III. 

HOWE, Willis CM 1930; A 1917) Div. Sales 
Engr., Paafic Gas & Electric Co., San Rafud, 
Central Ave.. Sausalito, Calif. 
HOWELL, Ll^oyd (M 1015) Engr., •Engineering 
Service & Supply Co., 235 Frio St„ and 2610 
Talbot St., Houston, Tex. 

HOWES, Bradford B. (7 1941) Sales Engr., 

• Johnson Service Co., 20 Wlnchetfter St., 

Vine St., Reading, Maw*. 

HOWES, ^;^d W. CM 1941) Dist. Repr., 

• G^eral Electric Co,, 235 Montgomery St„ 

Monte CresU. <>akland. 

Calif. 

Ihiblic Works, State of Connecticut, 
Hartford, and eUSS Farmington Ave., West 
Hartford, Conn. 

HTOBARD, George W,* me Member; M mu 
Consulting Engr., • 1466 Railway Kxcliunge, 
Chicago, and 7X0 Bonnie Bme, River Foreut, lU. 
HTOBARD, NsOwn B. (M 1019) Engr., Hubbant 

• Iimgrs., 243 ^Congress St W,, and 

• 2986 Blaine Ave,, Detroit. Mich, 

HUBBUCH, NI^oIm J., Jr. {S 1939) Student, 

Univetsity of Dayton, Dayton, Oldo, and mm 
Brockenridge Lane, Louisville, Ky. 

HUBER. EnHque CM 1938) M^h. Engr., Call® 
Marsella Num. 66, Mexico. D, F., Mexict*. 


Philadelphia, 

and 108 W. Roberta St., Norristown, Pa. 
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HUDEPOHL, Louis F, {M 1936) Pres., •T. J. 
Conner, Inc., 3290 Spring Grove Ave., and 4395 
Haight Ave., Cincinnati, Ohio. 

HUDSON, Robert A. (A/ 1934) Partner, Hudson 
& Grady, Engrs., 625 Market St., San Francisco, 
and • Route 2, Box 51, Cordilleras Rd., Redwood 
City, Calif. 

HUELSMAN, A. G. (A 1941) Sales Engr., eThe 
Powers Regulator Co., 702 American Bldg., and 
R.R, 4, Box 189, Wynnbume Ave., Cincinnati, 
Ohio. 

HUGGINS, L. Gale (M 1939) Asst. Mgr,, Air 
Cond. Dept., Westinghouse Electric & Manu- 
facturing Co., and • 170 Springfield St., Spring- 
field. Mass. 

HUGHES, L. K. (A 1940; 7 1930) Vice-Pres.-Gen, 
Mgr., Howard Furnace Co., 881 Yonge St., and 

• 3 Don Valley Dr., Toronto. Ont., Canada. 
HUGHES, Samuel (7 1940) &lc8, Minneapolis 

Gas Light Co., Minneapolis, and • Route No. 1, 
Wayzata, Minn. 

HUGHES, William U. 1936) Pres., •The 
Lewis- Brown Co., Ltd., 1670 Bishop St., and 1610 
Sherbrooke St., Montreal, Que., Canada. 
HUGHEY, Thomas M. (A 1936) Dlst. Mgr., 

• Weaterlin & Campbell Co., 906 N, Fourth St., 
and 2439 North <13rd St., Milwaukee, Wis. 

HU<JHSON, Harry H, (M 1927) Sales Engr., 

• The Coon-DeVisaer Co., 2051 W. Lafayette 
St., and 68 Horcnce Ave., Detroit, Mich. 

HUMES, W. liiirl (M 1941) Contractor, 124 
WaHhington St., Reno. Nev, 

HUMMEL, George W. (M 1937) Mcch. Engr., 

• The Trane Co., P. 0. Drawer 679, and 1424 
N. Third St., Phoenix, Ariz. 

HUMPHREY, D, E. (M 1921) Htg. and Vtg. 
Kngr„ Goodyear Tire & Rubber Co., 2499 Sixth 
St.. Chiyahoga Falls, Ohio. 

HUMPHREY, Leonard G-, Jr. (A 1942; 7 1938) 
Asst, to Mgr,, Federal 8c Marine Dept., Buffalo 
Forge Co., and Buffalo Pumps, Inc., 612 Wood- 
ward Bldg., Washington, D. C., and •4023 
Oliver St.. Chevy Chase, Md. 

HUMPHREYS, Clark M. (M 1931) (Council, 
I93fi-38) Asst. Prof, of Mech. Engrg., •Carnegie 
institute of Technology, .Schenley Park, and 1934 
Remington Drive, Pittsburgh, Pa. 

HUN<;ER, Robert P. (A/ 1 W) Assoc. Dist. Mgr., 

• Buffalo Forge Co., 220 f^uth 16th St., Phila- 
delpikii^ and 239 Chcswald Ltine, Haverford, Pa. 

HUNGERFORD, Leo (A£ 1930) Sales Mgr., 
Utility Fan Corp., 4861 S. Alameda St„ and 

• 828 N. Stanley Ave.. Los Angeles. Calif. 
HUNT, MacDonald (A 1936) Mfrs. Agent, 

• McDoan^l & Miller Co., 2301 N. Charles St., 
Baltimore, and 313 Alabama Rd.t Towson, Md. 

HUNTER, Louie N, (M 1936) Vice-Pms.-Mgr. of 
eTlm National Radiator Co., 221 
Central Avo„ and 304 Tiiobum St., Johnstown, 

HUNTER, Thomas B. 1941) Consulting 
Engr., 0 41 Sutter, Room 710, and 3026 Clay, 
San FrundiCd, Calif. 

HUNEXICER, Gheeter E. (A 1934) Branch Mgr.f 

• Amencun Blower Corp., 6U State St., and 
1662 Dean St,, .Scitencctaay, N. Y. 

HURWIOH, SlAney B, (A 1989) Engr., •Ameri- 
can l^ubriciints, Inc., 1676 Clinton St., and 177 
Wyoming Ave,, Buffalo, N. V. 

HUiTll’, Can B* (M 1932) Htg. and Air Cond. 
Engr.* •Cincinnati Gas & Electric Co., Fourth 
and Main SU., and Hillcrest Apts.. Mason St., 
Cincinnati, Oiuo, 

HU3TOEL, Arnold M. (A 1930) 2414 N. Kedxie 
Blvd.. Chicago, III, 

HUIXIHEON, OUtford R, (7 1938) Sales Ew., 
Tlie Herman Nelson Corp., 101 Park Ave., New 
York, N. y,, and •114 Ayeri Court, West 
Kntiewood, N. J. 

HUTCHINS, William 11. (M 1934) Works Mgr.. 


HUTCHINSON, Frederick A. (A 1942; 7 1939) 
Mgr., Repair Dept., C. J. Doughty & Co., 30 
Brenan Rd., and *31 Lucerne Rd., Shanghai, 
China. 

HUTCHISON, John E. 1921) Partner, 

• Moody & Hutchison, 170l Architects Bldg., 
and 6723 Emlen St., Philadelphia, Pa. 

HUTZEL, Hugo F. (M 1918) Mgr,, Tech. Training 
Dept., Div. Nash Kelvinator Corp., and • 2636 
Woodstock Drive, Detroit, Mich. 

HVOSLEF, Fredrik W. (M 1931; A 1921) Supt., 
Htg. Div., • Kohler Co., and 523 Audubon Rd., 
Kohler, Wis. 

HYDE, Dayton F. (M 1941) Vice-Pres., D. F. 
Edwards Heating Co., 2340 Pine St., St. Louis, 
and •^SSl Weil Ave., Webster Groves, Mo. 
HYDE, Elmer H. (A 1937) Tech. Repr„ Koppers 
Co., Tar and Chemical Div., Koppers Bldg., and 

• 442 Sulgrave Rd., Pittsburgh, Pa. 

HYDE, Elver V. (7 1939) Sales, Bruce PubUshing 
Co., 2642 University Ave., St. Paul, Minn. 
HYDE, Eric F. (M 1937) Mech. Engr., Giffels & 
Vallct, Inc., 1000 Marquette Bldg., Detroit, and 

• 708 Oakland Ave., Birmingham, Mich, 

HYDE, L. Lyman (Af 1940; 7 1934) Mgr., 

Grudem Co„ 1939 University Ave., St. I^ul, and 

• 4089 Hubbard Ave., Robbinadale, Minn. 
HYMAN, Wallace M. CM 1920) Pres., •Reis & 

O’Donovan. Inc., 12 West 2lBt St., and 1133 
Park Ave., New York, N. Y, 

HYNES, Leo P. (M 1919) Pre8.-Chief Engr., 

• Hynes Electric Heating Co., West and Clinton 
Sts., Camden, and 127 We£ 


• Hynes Electric Heating Co., West and Clinton 
Sts., Camden, and 127 West End Ave., Haddon- 
field, N. J. 


Rochester. N. Y, 

HirraKlNSON, B. Let, Jr. (7 1039) Sales Engr., 
♦ York Ice Machtnery Corp., 669 E. Sixth St„ 
and 1046 Madison Rd., Cindnnald, Ohio. 


IBISON, James L. (7 1938) 1st Lt., Asst. Con- 
structing Quartermaster, U. S. Army, Camp Lee, 
Petersburg, Va. 

ICKERINGILL, John C. (M 1923) Sales, Spencer 

^ Heater Div., and •477 Flamingo St., Rox- 
borough, Philadelphia, Pa. 

ILLIO, Ernest B. (j 1938) Sales Engr., Walter R. 
Illig, I Cusliing St., and elSb Blossom St., 
Fitchburg, Mass. 

ILLIG, Wkter R. (M 1935; A 1027) Owner, 
Walter R. IlUg, 1 Cushing St., and • 186 Blossom 
St., Fitchburg, Mass. 

INGALLS, Frederick D. B. (M 1906) Consulting 
Htg. and Air Cond. Engr., 1 Hopkins St., Read- 

INgI;LS,® Margaret* (M 1923; 7 1918) Engrg. 
Editor, • Carrier Corp., S. Gcddea St., and 412 
University Plac^ Syracuse, N. Y. 

INGHAM. John F. (M I94l5 Prcs.-Treaa.. • John 
K, Ingham, Inc., 37 Lewis St., Greenwich, and 
382 Sound Beach Ave,, Old Greenwich, Conn. 

INMAN, C. M. (M 1940) Supt. of Engrs., • Cafritz 
Construction Co., Iw4 K St. N.W., and 1446 
Ogden St. N.W., Washington, D. C. 

ISAACS, Harry A., Jr. (.4 1939) Pres., *OU 
Delivery, Inc., 3 Herbert St., Red Bank, and 
Point Rd., Little vSIlvcr, N. J. 

dTSSERTELLEt Henry G.* (Life Member; M 
1913; A 1912) Consulting Engr., 300 S. Broad- 
way, Tarrytown, N. Y, 

IVERSON, H. R. (M 1936) Office Mgr., •The 
Tmne Co.. 2701 Ontario Rd. N.W., and 1601 
Argonne Place N.W., Washington, D. C. 

IVERSTROM, Carl (A 1940; 7 1939) Project 
Engr., Works Projects Administration, 260 East 
161»t St., and •3060 Bailey Ave,, New York, 
N. Y. 


JACKES, Herman D. (M 1916) Sales Engr., 
Buensod-Stacey Air Conditioning, Inc., 60 East 
42nd St., New York, N. Y„ and • 186 Liberty 
St., Bloomfield, N. J. 

JACliLSON, Charles H. CM 1923) Vice-Pret.. 
• Blower Application Co,. 918 N. Fourth St., and 
2706 N. FarweU Ave., Milwaukee. Wis. 

JACKSON, Gilbert R. (M 1938) Mgr., Boiler and 
Radiator Dept., Cmne, Ltd., 46-61 Letnon St., 
London, E.1, England. 
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JACKSON, MarshaU S. (M 1919) Mfrs. Repr., 

• 260 Delaware Ave., and 108 Larchmont Rd., 
Buffalo, N. Y. 

JACKSON, Walter F. (J 1939) Lab. Engr., 

• American Stove Co., 1200 Long Ave., Lorain, 
and 116 Bell Ave., Elyria, Ohio. 

JACOBI, Bruce A. (J 1939; 5 1936) Chief Engr., 
Lemer Stores, Inc., 354 Fourth Ave., New York, 
and • 1731 East 17th St., Brooklyn, N. Y. 
JACOBSEN, K. C. S. (A 1939) Mgr., aThe 
Imperial Electric Co., 46 South 40th St., Phila- 
delphia, and 17 Aldwyn Lane, Villanova, Pa. 
JACOBUS, David S. (Life Member; M 1916) 
Retired, 93 Harrison Ave., Montclair, N. J. 
JAKOB Y, Albert C. (A 1938) Estimator, Sears, 
Roebuck & Co., 4640 Roosevelt Blvd., and 

• 1913 E. Clearfield St., Philadelphia, Pa. 
JALONACK, Irwin G. (M 1940; A 1933; 5 1930) 

Consulting Engr., 44 Carol St., and *44 Carol 
St., Lakeview, Hempstead, L. I., N. Y. 

JAMES, Hamilton R. (M 1931) Service Equip. 
Engr., Day & Zimmerman, Inc., Packard Bldg., 
Philadelphia, and •SS W. Drexel Ave., Lans- 
downe, Pa. 

JAMES, John W.* (M 1937; J 1933) Tech. Secy., 
American Society of Heating and Ventilating 
Engineers, 51 Madison Ave., New York, N. Y. 
JANET, Hiurry L. (M 1920) Engr., Buensod- 
Stacey Air Conditioning, Inc., 60 East 42nd St., 
New York, and *688 Decatur St., Brooklyn, 
N. Y. 

JANOS, William A. (M 1940) Sr. Mech. Euct,, 

• Western Electric Co., 195 Broadway, New 
York, and 21-ll~23rd Terrace, Astoria, L. L, 

N. Y. 

JARCHO, Martin D. (A 1939; 7 1936) Vice-Pres., 

• Jarcho Bros., Inc., 304 East 46th St., New 
York, and 110-55-72nd Rd., Forest Hills, L. L, 
N. Y. 

JARDINE, Dou^as C. (M 1929; A 1926) Pres., 

• Jardine-Wardman, P.O. Box 126, and 1216 N. 
Cascade Ave., Colorado Springs, Colo. 

JARDINE, W. Howard (A 1938) Pres., olona 
Ventilator Co., Inc., 2821-29 W. Dauphin St., 
Shelmire St., Philadelphia, Pa. 

JEHLE, Ferdinand (M 1938; A 1937) Dir. oj 
Research, • Hoffman Specialty Co., 1001 York 
St., and 3056 N. Meridian St., Apt. 9, Indiana- 
polis, Ind, 

JELINEK, Frank R. (A 1941; J 1937) Branch 
Mgr., • Johnson Service Co., 2505 Commerce 
Knunerson, Dallas, , Tex. 
ft 1940) Mfrs. Agent, 

2212— 33rd Ave. S.W., Calgary, Alta., Canada. 
JENKmSON,.V. Jaibc fA 1940) ^es En^r., 

• Minneapolis-Honeywell Regulator Co., Ltd., 
117 Peter St., and 1135 Gerrard St. E., Toronto, 
Ont., Canada. • 

JENNEY. Hu^ B. (A 1933) Sales Mgr., Htg. 
Div.,_ • Standard Sanitary & Dominion Radiator 
Co., Ltd., Royce and Lansdowne Avea., and 96 
Toronto, Ont., Canada. 

Irvinft C. (M 1924) Pres., •The 
Nash Engineering Co„ and 138 Flax Hill Rd., 
South Norwalk, Conn. 

JE^INGS, Si^ey A. (M 1936) Asst. Chief 
En|T., Trane Co. of Canada, Ltd., 4 Mowat Ave., 
and m7 Glen Oak N., Toronto, Ont., Canada. 
JENNIIWS, W. G. (A 1930) Vice-Pres., • Minne- 
apohs-Honeywell Regulator Co., 797 Beacon St., 
Boston, and I960 Commonwealth Ave., Suite 34, 
Bnghton, Mass. 

JENNINjS, Henry H. (Life Member; M 1901) 
Retired, 29 Greyshieds Ave., L^a, i England. 
JESSUP, Benjamin H. (M 1937) Pres,, 

• Ridhards & Jessup Co., Inc., 615 Main $t„ 
Stamford, and 48 Field St., Glenbroofc, Conn, 

JOHNS, CharlM F. (M 1939; A 193D Flight U., 
Ro 3 ml Canadian Air Force, Air Force Head- 
quarters, Jackson Bldg,, and • 120 Wurtemburg 
St., Ottawa, Ont., Canada. 

JOTNS,. Harold B.*(M 1928; 7 1927) • Peoples 
Gas Light & Coke Co„ 122 S. MicWgan Ave.. 
Chicago, and 543 N. Elmwood Ave., Oak I^k, 


JOHNSON, Allen J.* (M 1935) Dir., • Anthracite 
Industries Laboratory, Primes, Del. Co., and 344 
Congress Ave., Lansdowne, Pa. 

JOHNSON, Carl E. (A 1939; 7 1930) Pres., 

• Sunbeam Heating & Air Conditioning Co., 
752 Spring St. N.W., and 1154 Ridgewood 
Drive N.E., Atlanta, Ga. 

JOHNSON, Carl W. (M 1912) Pres., oC. W. 
Johnson, Inc., 211 N. Desplaincs St., and 1800 
Morse Ave., Chicago, 111. 

JOHNSON, C. W. (M 1933; 7 1931) Dist. Mgr., 

• Canadian Sirocco Co., Ltd., 630 Dorchester St. 
W., and 123 Dobie Ave., Town of Mt. Royal, 
Montreal, Que., Canada. 

JOHNSON, Edward B. (U 1919) Sales Engr., 
Staten Island Supply Co., 1390 Richmond Ter- 
race, West New Brighton, and • 164 Wardwell 
Ave., Port Richmond, S. I., N. Y. 

JOHNSON, Fred W. (M 1916) Vice-Pros., 

• Johnson Larsen Co., 6530 Beaubien St., De- 
troit, and Adams Rd., R.F.D. 2, Birmingham, 
Mich. 

JOHNSON, Helge S. (A 1933; 7 1927) Assoc. 
Mgr., •Buffalo Forge Co., 30 Cortlandt St., 
New York, and 15 Tunstall Rd., Scarsdale, N. V. 
JOHNSON, Leslie O. (M 1938; 7 1930) Sales 
Engr., H. Y, Keeler Co., 208 Hines Bldg,, and 

• 624 14th St., Huntington, W. Va. 

JOHNSON, Oliver W. (U 1938) Chem. Engr., 

Standard Oil Co. of California, 226 Bush St., 
San Francisco, and elSSl Waverly St,, Palo 
Alto, Calif. 

JOHNSON, Ralph B. (M 1922) • Ralph B. 
Johnson S: Co., 201 Petroleum Bldg., and 2111 
W. Main St., Houston, Tex. 

JOHNSON, Russell A. (7 1042; .S’ 1941) Met‘h. 
Engr., Anthony Co., Inc., and • P.O. Box 257. 
Streator, 111. 

JOHNSON. Tracy R. (M 1924) Branch Mgr., 

• The Trane Co., 818_Hubben Bldg., and 3438 
, Umyersity Ave., Des Moines. Iowa. 
JOHgrSTON, J. Ambler (k 1912) Partner. 

• Carneal, Johnston & Wright, 1000 Atlantic 

Bpkers-Life Co., 711 High St., and •.5715 
Moines, Iowa. 

JOHNSTON, Robert E. (M 1029: A 1026) Pres., 

• R. E. Johnston Co., Ltd., 1070 Homer St., 

Vancouver, B.C.. Canada 
JOHNSTON, Robert M.* (A 104i: 7 1937) 
Hercules Powder Co., and •37 HiUside Ave., 
Kenvil, N. J. 

JONES, Alfr^ (U 1928) ConsulUng Engr., 
Lancaster, Pa. 

JONES, Alfred L. (M 1920) Owner, *431 Grcen- 
^h Aye., Greenwich, and Box 121, Breeaemont 
Ave., Riverside, Conn. 

JONES, Allan T. 1937: 7 1936) Chief Kngr., 
S. A. ^trpng, IM., 115 Dupont St„ and 0254 
, Toronto, Ont., Canada. 

JONBS, Benwd G. (M 1928) Acme Fan ik 
Bloww Co., 868 Arlington St., Winnipeg, Man.. 
Canada. 

Bngr. and 

Estimator, • Watt Muniblng, Keatin,; Sc Supply 
Co., 608 Sj andnnatl. and 1436 Kaat irth 
Tulsa, Okla. 

JONES, Edwin A. 10I»> 349 Bristol Rd., 
Webster Groves, Mo, 

1923) trtiUties Kngr,, City 
of St. Paul, 2X6 Courthouse, and #220 Mrmtro^ 

J(W^, H^ld L, (M 1920) ftapL, aW. W. 
Farrier Co., 44 Montgomery iereey City. 


, UwranewOle, Va. 

JOI^. Jtoiaea T. (A 1989) Air Ctmd. Enar., 
• •rae Empire District Eloctrte Co., and SSS^I. 

.(M ja*?) •lehn. pMd June,. 
Caxy a^ MiU»r, Tcrarirwl Tow^r, Cltvelaml, 
and 3941 FaWaxTcieveland Heights, Ohi<*, 
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JONES, Lawrence K. (M 1939) Mgr., Special 
Test Section, • Pittsburgh Testing Lab., 1330 
Locust St., and 320 S. Aiken Ave., Pittsburgh, 
Pa. 

JONES, Sprague (M 1936) Pres, and Mgr., 

• Sprague Jones, Inc., 1914 Vermont Ave., and 
2452 Kenwood Blvd., Toledo, Ohio. 

JONES, Thomas S. (A 1941) Branch Mgr., 
Crane Co., 1328 West 12th St., Kansas City, Mo. 

JONES, William C. (M 1941) Mgr., •Johnson 
Service Co., 724 Ninth St. N.W., Room 224, 
Washington, D. C., and R-F.D. No. 2, Ellicott 
City, Md, 

JONES, William T. (M 1915) {Presidential Mem- 
ber) (Pres., 1933; Ist Vice-Pres., 1932; 2nd Vice- 
Pres., 1931; Council, 192&>34) Treas., Barnes & 
Jones, 128 Brookside Ave., Jamaica Plain, Bos- 
ton, and • 10 Harvard St., Newtonville, Mass. 

JORDAN, Francis O. {M 1941) Specification 
Kngr., Albert Kahn, Inc., Detroit, and ^277 
Moross Rd., Grosae Points Farms, Mich. 

JORDAN, Richard C.* (M 1940; J 1935; S 1933) 
Asst. Prof, and Asst. Dir., • Engine^ng Experi- 
ment Station, Room 209, University of Minne- 
sota, and 1101 East River Rd., Minneapolis, 
Minn. 

JORDY, Jules J, {J 1940) IT. S. Navy, and 
^Jordy Bros.. Inc., 518 Julia St., New Orleans, 

JOSEPHSON, Simon (A 1942; J 1930) Super- 
vising Kngr., • Astor Plumbixig & Heating Corp., 
1134 Bedford Ave.. and 199 E. Second 1^., 
Brooklyn, N, Y. 

JOYCE, lliurry B. (M 1922) Consulting Kngr., 

• Harry B. Joyce, CIO Commerce Bldg., and 501 
Lil>erty St., Erie, Pa. 

JOYCE, Jamea J, (A 1941) Branch Mgr., •The 
Powers Regulator tlo,, 208 Btiltcr Bldg., and 2328 
State St.. New Orleans, La. 

JUERCENS, Walter A. (A 1940) Sjilcs Engr., 

• Walter A. Juergcns, 802 Times Star Tower, 
and 1447 Aster Place, Cincinnati, Ohio. 

JUNG, John S. (A/ 1930; A 1923) Htg.-PIping 
Contractor 8c litg. Kngr., •2409 W. Greenfield 
.Vve.,and 1510 S. I^vyton Blvd., Milwaukee, Wis, 

JUNKER, W, lU (Af 1930) Dir, of Engrg., Emery 
Industries, Inc., 4300 C.arew Tower, Fifth and 
Vine SU., and •0068 Dryden Ave., Cincinnati, 
Ohio, 

K 

KACZENSKI, Cheater (A 1939: J 1933) Drafts- 
man, Chemical Construction Carp., 30 Rocke- 
feller Piaaa. and « 5 West ^rd New York, 
N. Y. 

KADEL, George B. (A 1940: J 1938) Engr., E. R. 
Haulbb & Sons, 26 Columbia Hdahts, Brooklyn, 
and #02 E. Beverly Pkwy., Valley Stream, 
L. L, N. Y, 

KAEROHBR* Carl M. H. (A^ 1937) Mgr., 
•Central Bureau for Heating & Air Condition- 
ing, 3030 Kudld Ave., Cleveland, and 2500 
Ashurst Rd., University Heights, Ohio. 

KAOEY, I. B. {M 1941; A 1938; J 1929) Bmnch 
•Carrier Corp., 348 Peachtree St. N.K„ 
and 264 Alberta Drive N.K,, Atlanta, Cia, 

KAIfN. Charles R** Jr, (/ 1939) Engr., Mance 
Air Conditbnlt^ Corn., 1841 Broadway, New 
York, and eUS Wood Lane, Woodmere, U L. 

KAlSEk, Rred (M 1906) Mgr., • Minneapolis- 
HoneyweU Regulator Co., 416 Bmtnard St., 
Uftnnt, and 776 Loraine, (rrosse PoinU, Mich. 

KAJUK, Aiutoww E. (A/ i98«)Kngr., War Dept., 
G, Qn M, G. Engrg. Design, Washington, D. C., 


KAMMAN, Arnold R, (.4 1926; J 1921) e Arnold 
k. Kamman Co., 498 Franklin St., Buffalo, and 
k.K,p.3. Hamburg. N. Y. 
fCAFFEL, Gooege W. A, CM 1921} Prea.-TreaB., 
• Camden Heating Co., 8 Market St., Camden, 
and 421 Maide Ave.. wesmont, N. J. 
KARAKASH, Theodora J. U 1940: J 1936) 
Engr, In Chief, Carrier Air C onditioning Dept., 
Cu % A. Baker, Ltd., P.O. Box 468, Istanbul, 
Turkey. 


KARGES, Albert (A 1935) Mgr., The James 
Stewart Manufacturing Co., Ltd., and *37 
Perry St., Woodstock, Ont., Canada. 

KARLSON. Alfred F. (M 1918) Chief Engr., 

• Parks-Cramer Co., Fitchburg, and 186 Pros- 
pect St., North Leominster, Mass. 

KARLSTEEN, Gustav H. (M 1936) Plant Engr., 
Dunlop Tire & Rubber Corp., Buffalo, and 

• Box 55, Route 1, Tonawanda, N. Y. 
KARSUNKY, William K. {M 1939) Consulting 

Engr., *1223 Connecticut Ave. N.W., Wash- 
ington, D. C., and Three Oaks, Kensington, Md. 
KARTORIE, V. T. (J 1935; S 1933) Exec. Asst, 
to Gen. &les Mgr., eYork Ice Machinery 
Com., and 1633 First Ave., York* Pa. 
KAUFMAN. H. J. (M 1937) Htg. and Vtg, Engr., 
Commonwealth & Southern Corp., Consumers 
Power Bldg., Jackson, and •13215 Roselawn 
Ave., Detroit. Mich. 

KAUP. Edgar O. (M 1938) Sales Engr., 920 
Natoma St., San Francisco, and • 1249 Garfield 
Ave., Albany, Calif. 

KAWASE, Sumio (ikf 1936) Chief of Planning 
Section, Manshu Imono Kabushiki Kaisha, 105 
5-dan Toagai yamatoku, Hoten, and *22 
Awoi-cho, Yamatoku, Hoten, Manchoukuo. 
KEANE, Gerard F. (M 1939) In Charge of Engrg., 
Cooney Refrigeration Co., 228 Walton St., 
^i^use, and *316 Haddonficld Drive, Dewitt, 

KEARNEY. Joseph S. (M 1939) Pres.. North- 
western Heating & Plumbing Co., 1466 Sherman 
Ave., and •2001 Bennett Ave., Evanston, 111. 
KEATING, Arthur J. (M 1937) jfengr., • Powers 
Regulator Co., 2720 Green view Ave., and 4429 
W. Congress St., Chicago, 111. 

KEEFER, Donald M. (J 1941) Htg. Engr., 

• Jackson Sc Blanc, 1770 Kettner Blvd., and Rt. 
No. 3, Box 962, San Diego. Calif. 

KBELAND, B. W. (A 1938) Owner, *8, W. 
Keeland Heating Co., 2711 Westheimer. and 
2723 Kmlii^, Houston, Tex. 

KEELING, I^ed V. (A 1940) Planner and Esti- 
mator, Public Works Dept., U. S. Navy Yard, 
Bldg. No. 1, and *960 Arrott St., Philadelphia. 
Pa. 

KEENEY, Frank P. (A 1916) Pres., •Keeney 
Publishing Co., 6 N. Michigan Ave., and 7069 
South Shore Drive, Chicago, III. 

KBHM, Horace S, (M 1928) Pres., •The Kehm 
Corp., 61 E. Grand Ave.. and 3240 Lake Shore 
Drive, Chicago. 111. 

KEITH, James P. {M 1938) Consulting £i^., 
Vice-Pres., Canadian Domestic Engineering Co., 
Ltd., 1440 St. Catherine St. W., and •5196 
Durocher Ave., Montreal. Oue.. Canada. 
KEITHLBY. Frank R. (J 1939) Sales Engr., 
Malvin & May. Inc., 2427 S. Michigan Ave., 
Chicago, 111., and • 1 162 Pearl St., Denver, Colo. 
KELBLB, F. R. (M 1928) Vicc-Pres.-Mgr., 

• Huffman-Wolfe Co. of Philadelphia, 4060 
North 18th St., PhBadelphia, and 305 Pleasant 
Ave., Glenside. Pa. 

KBLLA, Waldon B. (M 1939) Mgr., Air Cond. 
Dept., • Fairbanks. Morse 8c Co., 217 S. Eighth 
St., St. Louis, and 4 Salisbury. Airport Park. 
Louts Co„ Mo, 

KELLER, George A. (A 1938) P. O. Box 481. 
Wantagh, L, L, N. Y. 

KELLEY, Francis J. (A 1940) Sales Kngr., 
7817 Birch St., New Orleans, U. 

KELLEY, Jamee J. (A 1924) Fuel Oil and 
Burner /Vast., • Colonial Beacon OU Co.. 37H 
Stuart St., Boston, and 142 Governors Ave., 
Medford, Mass. 

KELLOGG, Winston T. (A 1938) Htg,-Vtg..Air 
Cond. Engr., eThe W, T. Kellogg Co.. 218 
Pyramid Bldg., and 2020 Country Club Lane, 
Little Ruck, Ark. 

KELLY, Charles J. (M 1931) N. Y. Repr., 

• James P. Marsh Corp., 166 East 44th St., 
New York, N. Y., and 440 Kalrmounl Ave., 
jersey Ci^, N. J, 

KELLY, H. J. (A 1940) Sales Kngr., •810 
Howard Ave., and 8000 Nelson SL, New OrUian«, 
I.U, 
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ELEIrLY, Olin Arthur (5 1940) Student, Michigan 
State College, and *321 Elm Place, East 
Lansing, Mich. 

KELLY, Wilbur C. (Af 1935) Field Engr., • Iron 
Fireman Manufacturing Co. of Canada, Ltd., 
602 King St. W., and 58 Elmsthorpe Ave., 
Toronto, Ont., Canada. 

KELSEY, Harold D. (Af 1940) Engr,, •General 
Electric Co., 5 Lawrence St., Bloomfield, and 30 
Francis Place, Caldwell, N. j. 

KEMP, Gordon C. (A 1941) Gen. Sales Mgr., 

• Chatham Malleable & Steel Products, Ltd., 
613 C.P.R. Bldg., and 296 Armadale Ave., 
Toronto, Ont., Canada. 

KENNEDY, Maron (A 1936; J 1930) Sales Engr., 

• York Ice Machinery Corp., 5051 Santa Fe 
Ave., IxDS Angeles, and 2704 Carlaris Rd., 
San Marino, C^if. 

KENNEDY, Owen A. (A 1942; J 1938; S 1933) 
2431 Dixie Highway, South Fort Mitchell, Ky. 
KENNEDY, Walter W. (Af 1941) Mech. Engr., 
Electrical Div., Barber-Colman Co., Rock and 
Loomis St., and •2220 Douglas St., Rockford, 
lU. 

KENNETT, V. A. (Af 1936) Dir.. •Air Condi- 
tioning & Engineering, Ltd., Victoria Works, 
Higher Bents Lane, Bredbury, Cheshire, and 
Sherwood House, Clement Rd., Mellor, Derby- 
shire, England. 

KENNEY, Thos. W. (Af 1937) Vice-Pres. and 
Sales Mgr., •Air Devices, Inc. of Illinois, 2323 
S. Michigan Ave., and 1749 East 73rd PL, 
Chicago, 111. 

KENT, A. Douglas (J 1941) Foundry Supt., 
Aluminum Co. of Canada, and • The Saguenay 
Inn, ArvidZj Que., Canada. 

KENT, Laurence F. (A 1927; J 1924) Pres., 

• Moncrief Furnace Co.. P.O. Box 1673, and 1515 
Momingside Drive N.E., Atlanta, Ga. 

KENT, Richard L. (Af 1936) Dist. Mgr., • Trane 
Co. of Canada, Ltd., 366 Hargrave St., and 147 
Wellington Crescent, Winnipeg, Man., Canada. 
KEPLER, Donald A. (J 1936: 5 1934) Asst, to 
Gen. Mgr., • New York Stock Exchange Build- 
ing Co., 20 Broad St., New York, and 186 East 
12th St., Huntington, L. I., N. Y. 

KERN, Joseph F., Jr. (A 1937) Assoc. Editor, 
Heating & Ventilating, 148 Lafayette St., New 
York, and • Box 696, Massapequa, L. I., N. Y. 
KERN, Rajroond T. (Af 1927) Chief Engr., 
Jennison Co., 17 Putnam St., Fitchburg, and 

• 51 Clafiin St., Leominster, Mass. 

KERR, Gerald C. (A 1940) Acoustical Engr., 

• Taylor-Seidenbach, Inc., 1401 Tchoupitoulas 
St., and 625 Pine St., Apt. 2, New Orleans, La. 

KERR, William E. (Af 1937) South Carolina 
Repr., Barnes & Jones, Inc., 1201 Hyatt Ave.. 
Columbia, S. C. 

KERSHAW, MelvUle G. (Af 1932; A 1926; J 
1921) Vtg. and Air Cond. Engr., • E. I. DuPont 
de Nemours & Co., Wilmington, Del., and 7313 
North 2l8t St., Philadelphia, Pa. 

KESSLER, Clarence F. (Af 1938) Asst. Prof. 
Me<±. Engrg., ♦ University of Michigan, 241 
W. Engineering Bldg., and 1766 Broadway, Ann 
Arbor, Mich. 

KEYSER Herman M. (A 1937) Sales Engr., 
Murray W. Sales & Co., 801 W. Baltimore, 
Detroit, and • 10703 Hart, Huntington Woods. 
Royal Oak, Mich. 

K^ZALES, Maurice D. (M 1935) Chief Mech. 
Engr., U. S. Army Motion Picture Service, 400 
Tower Bldg., and • 6200”31st St, N.W., Wash- 
ington, D. C. 

1938) Htg.-Vtg. Engr., 
Defense Housing Admim'stration, 18th and H St. 
ir Washington, D. C. 

KIEFER, Carl J. (Af 1922) Pres., •Schenley 
Distillenes, Inc., 26 E. Sixth St., and 984 Lenox 
Place, Cincinnati, Ohio. 

KIEFER, E. J. (A 1932; J 1928) Mgr., eH.C. 
Archibald Co., 406 Main St., and 108 N. Sixth 
St., Stroudsburg, Pa. 

KILLEEN, Edmund F. (A 1941) Sales Engr.. 

Burners, Inc., 717 Third Ave. S., 
and 903 Third Ave. S., Minneapolis, Minn. 


KILLIAN, Vic J. (A 1937) Pres., V. J, Killiun 
Co., 907 Linden Ave., Winnetka, 111. 

KILLIAN, WilHam J. (A 1940) Sales Repr., 
Herman Nelson Corp., 831 Temple Bar Bldg,, 
Cincinnati, and • R. R. 10, Kenwood, Cincinnati, 
Ohio. 

KlLLOREN, Donald E. (S 1941) Headquarters, 
Co. 15th Inf., Fort Lewis, Wash., and •3452 
Giles Ave., St. Louis, Mo. 

KILLOUGH, Robert E. (A 1938) Engr., Standard 
Oil Co. of Pennsylvania, 1018 N. Broad St., and 
• 2108 E. Chelten Ave., Germantown, Phila- 
delphia, Pa. 

KILNER, John S. (Af 1929) Sales Engr., 1091 
Seminole Ave., Detroit, Mich. 

KILPATRICK, William S. (M 1923) aW. S. 
Kilpatrick & Co., 1100 East 33rd St,, Los 
Angeles, Calif. 

KIMBALL, Charles W. (A/ 1915) (Council, 
1918) Pres.-Treas., • Richard D. Kimball Co., 
6 Beacon St., Boston, and 66 Prescott St., West 
Medford, Mass. 

KIMB^L, Dwight D.* Member*, M 1908) 


presidential Member), (Pres., 1915; 2nd Vke- 
Pres., 1914; Board of Governors, 1912-13; 
Council, 1914-1916) Consulting Engr,, •1728 
Grand Central Terminal Bldg., and 145 West 
58th St., New York, N. Y. 

KIMBLE, Carl W. (J 1938) Owner-Partner, 

• Advance Heating & Sheet Metal Works, 315- 
24th St., and 2020--38th St., Rock Island, 111. 

KIMMELL, PhilUp M. (A 1942; J 1930) A««t. 
Mech. Engr., Engrg. and Maintenance Dept,, 
Eastman Kodak Co., Kodak Park, and •.33 
Stonecliff Drive, Rochester, N. Y. 

KINCAIDE, Merrill C. (M 1939: A 1037; J 19.3fl) 
Mech. Engr., Packard Motor Car Co., 1580 E. 
Grand Blvd., and • 1160 Seward Ave., Detroit, 
Mich. 

KING, A. G. (Af 1936) Consulting Kngr., 35 S. 
Dearborn St., Chicago, 111. 

&Vall«t. Naval OpeiatinK Basf, and 204 Maycnx 
Norfolk, Va. 

KING, John S. (A 1940) Asst. Engr., War Dept,, 
Constructing Quartermaster, Fort Dlx. N. J. 
KING, Robert W. (A 1940) Engr., oAsb^tos 

Georgia Ave. 

N.W., Washington, D.C., and 6705 York Lane, 
Betbesda, Md. 

KING, Roy L. (A 1942: J 1936; ,9 193*3) Engr., 
Delco Appliance Div., General Motors Corp,, 391 
Deerfield Drive. Rochester. N. Y. 
KING^AND, George D. (Af 1935) Vice-Pres,, 

• Perfex Corp., 370 Lexington Ave., and 59 
East 66th St., IS^ew York, N. Y. 

KINGSWELL, William E. (Af 1935) Pres., 

• ^™i^ I Kingswell. Inc., 3707 Oorgiu 
Aye. N.W., Washington. D. C., and R. F. D. 1, 
Silver Spring. Md. 

KHW^Y, A. (Af 1936) Pres,, oA. M, Kinney 
Inc., 1801 Enquirer Bldg., Cincinnati, and 7013 
Marlemont, Ohio. 

KIPE, J. Morion (Af 1919) Dir. of Education, 
^thradte Industries, Inc., 2204 Walnut St., 
Phil^elphia, and^ nm HometU*ad Ave,, Keecti- 

KIRKBRIDE, J. Cfwen (Af 1938) Partner, 

• Pare^ & Kirkbrfde, N.W. Corner Fourth ami 
^ust Sts., Philadelphia, Pa., and 1121 KWtldge 

Colllngswood. N. J. 

K^KE^^L, J, (A 1938) Sales Repr., 

Equipment, 291 Cataipe Place, Pitwburgh 

(IWf 

CAT 1935; J 1931) 
Diet, ^es Mgr. and ^r„ ellg Electric 
V^latiM COm 415 Brainard SL, and Hotel 
^ JHall, Detroit, Mich. 

KIRIXAI^, Eugene M. (A 1940) Prea., • Engl- 

ra.WTad':®- 

(M 101 $) 191 Ootanda 6 
Shanagawa-ku, Tokyo, Japan. 

Repr., 

Bldg,, Atlanta, and 129 Green- 
wood Place, Decatur, Ga. 
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KITCHEN, Francis A, (A 1927; J 1923) Pres., 

• American Warming & Ventilating Co., 1514 
Prospect Ave., Cleveland, and 2077 Campus 
Rd., South Euclid, Ohio. 

KITCHEN, John H. {Life Member; M 1906) 
PrevS.-Mgr., •John H. Kitchen & Co., 1016 
Baltimore A,ve., and 5015 Westwood Terrace, 
Kansas City, Mo. 

KITCHEN, William H. J. (/I 1938) Sub-Lt., 
RCNVR, •1505 St. James St. W., and 367 
Sherbrooke St. W., Montreal, Que., Canada. 

KLAGES, Frank E. P. (M 1040) Dist. Mgr,, 

• The Powers Regulator Co., 1034 Jefferson 
Standard Bldg., Greensboro, N. C, 

KLEIN, Albert R. (M 1920) Managing Dir., 

• Lufttechnische Gesellscliaft, Stuttgart- W, Ko- 
nigstraase 84, and Heidehofstrasse 40, Stuttgart, 
Germatw. 

KLEIN, Inward W. (M 1917) Repr., •Warren 
Webster & Co., 152 Nassau St. N.W., and 450 
Peachtree Battle Ave., Atlanta, Ga. 

KLEIN, Fred R. (A 1940) Asst. Mgr.. Htg. Dept., 
Globe Machinery & Supply Co., 206 Court Ave., 
and ♦ 1434**46th St., Des Moines, Iowa. 

KLEINKAUF, Henry (M 1938; J 1937) Mgr., 
Natkin & Co., 500 South 18th St., Omaha, Ncbr. 

KLIE, Walter (M 1915) Pres., eThe Smith & 
Oby Co., 6107 Carnegie Ave., Cleveland, and 
Shaker Heights, Ohio. 

KLIEFOTH, Max H. CA 19.39) Treas., Research 
Products Corp., E. Washington Ave., Madison, 
Wis. 

KLLCKHUHN, Frederick H. (J 1940) Engr. and 
Draftsman, Eberly & Brand, 0106 Blair Rd. 
N.W., Washington, D, C., and •1110 Mont- 
gomery Ave., Laurel, Md. 

KLUGE, B. M. (J 1938) Sales Engr., Bayley 
Blower Co., 1817 South 66th St„ and •10I8A 
North 35th St., Milwaukee, Wis. 

KNEPPER, H. H. (A 1938) 3311 Leopard St., 
Corpus Christi, Tex. 

KNIBB, Alfred B. (M 1930) Htg. Engr., •L. L. 
McConachle Co., 1003 Maryland Ave., and 
9333 E. Jefferson Ave., Detroit, Mich. 

KNIGHT, John T., ir. (M i041) Consulting 
Engr., •629 Common St., and 1538 Fourth St., 
New Orleans. l.a. 

KNOWLl^, Elwln L. (4 1937) Owner, • Knowles 
Air Conditioning, 1324 Marshall St. N.E.. and 
400 Thomas Ave. S., Minneapolis, Minn. 

KNOWLES, Frank R. (4 1038) Dir. Commercial 
Ettgrg., ♦ Pennsylvania Electric Co., 536 Vine 
St., and R.D. 4, Box 340, Johnstown, Pa. 

KNOX, John C. (4 1988) &.-Trea8., •Water- 
loo Register Co., 600 Anita St„ and 176 Gates 
St,, Waterloo, Iowa. 

KNUDSEN, WlUIam R. (M 1937) Consulting 
Kqgr., 897 S. Eighth St., San Jose, Calif. 

KOCH, Albert H. CM 1938) Brandi Mgr., • Min- 
neapolis- Honeywell Regulator Co., 101 Marietta 
Bldg., und 36W Peachtree Rd., Atlanta, Ga. 

KOCH, Rkbard G, <4 1936) House Htg. Engr., 

• Milwaukee Ught Co., 620 E. Wisconrin 
Ave,, and 6707 W. Brooklyn Place, Milwaukee, 
Wis. 

KOEHLER, C. Stewart (A 1986) Sales Engr., 
Minneapoliif-Honeirwell Regulator Co., 221 
Fourth Ave„ and #4874 Rlcliardson Ave., New 
York, N. Y. 

KOENIG, Andrew C. (f 1040) Sales Engr., 701 
K. Miiaouri St., Evansville, Ind. 

KOHLER, John G, (4 1939) l*artncr, •John C. 
Kohler CJon 664 Nortli I6th St., and 629 Crest- 
view Rd., jPWladelphia, Ba. 

KOLB, Fred W. {M 1938) •698 Monadnock 
Bldg., and 82 Mucondray Si., San Francisco, 
CallL 

KOLB, Robert P. (M 1939) Prof, of Ut^i Power 
Engrg. and Supt., of Heat and Power, •Wor- 
cester Polytechnic Institute, Boynton St„ and 
216 May St.. Worcester, Mtuw, 

KOLLAS. Will J. (M 1939) Cliief Engr., Memtug 
Stt>ve k Furnace Works. 2011 N. C^otumbia 
Blvd., and *6104 N, Misisjuri Ave., jportlund, 
Ore. 


lardfton Ave., New 


KONZO, S* (M 1937; 4 1936; J 1932) Special 
Research Assoc. Prof., University of Illinois, 

• 1108 W. Stoughton St., Urbana, and 510 S- 
McKinley Ave., Champaign, 111. 

KOOISTRA, John P. (M 1933) Branch Mgr., 

• Carrier Corp., 625 Market St., San Francisco, 
and 1245 Laguna St., Burlingame, Calif. 

KORN, Charles B. (M 1922) Member of Firm, 
Reber-Korn Co., 817 Cumberland St., and • 1022 
S. Eighth St., Allentown, Pa. 

KOSTER, Howard H. (4 1942; J 1939) Asst. 
Prof. Mech. Engrg., •George Washington 
University, Washington, D. C., and Sleepy 
Hollow, Falls Church, Va. 

KRAMER, Conrad (J 1938) Engr., Air Cond., 
1611 Westminster St., Providence, and •230 
Smithfield Ave., Pawtucket, R. I. 

KRAMIG, Robert E.. Jr. (4 1933) Vice-Pres.- 
Treas., • R. E. Kramig & Co., Inc., 222-4 East 
14th St., Cincinnati, and 115 Linden Drive, 
Wyoming, Ohio. 

KRAPOHL, WlUiam H. (M 1941) Sr. Engr. 
(Htg.), U. S. Government, Army Base, Boston, 
and ^79 Prospect St., West Roxbury, Mass. 
KRATZ, Alonsco P.* (M 1925) (Council, 1938-41) 
Research Prof., •Dept, of Mech. Engrg,, Uni- 
versity of Illinois, and 1003 Douglas St., Urbana, 

KREINER, Jack (4 1940) • 163 East 26th St., 
New York, and 5i00-16th Ave., Brooklyn, N. Y. 
KRENZ, Alfred S. (M 1937; 4 1936) • Krenz & 
Co., 6114 W. Center St., Milwaukee, and 7933 
W. Milwaukee Ave., Wauwatosa, Wis. 

KREZ, Leonard (4 1936) Vice-Pres., Paul J. 

Krez Co,, 444 N. LaSalle St., Chicago. 111. 
KRIBS, Charles L., Jr. (Jkf 193^ Pres., • Kribs 
& Landauer, 404 Dallas Gas Bldg., and 3608 
Drexel Ave., Dallas, Tex. 

KRIEBEL, Arthur E. (M 1920) Sales Engr., 

• Haynes Selling Co., Inc., Ridge Ave. and 
Spring Garden Sts., Philadelphia, and Berwyn, 
Chester Co., Pa. 

KROEKER, J. Donald* (M 1936) Consulting 
Engr., •SOI Failing Bldg., and 6831 N.E, 
Siskiyou St., Portland, Ore. 

KRUEGER, James 1. (Life Member; M 1921) 
Mfrs. Repr., •367 Ninth St., and 1920 Sacra- 
mento St., San Francisco, Calif. 

KRUSE, W. C., Jr. (M 1938) Owner, •Kruse 
Engineering Co., 24 Commerce St., Newark, 
and 32 University Court, South Orange, N. J. 
KUCHER, Andrew A. (M 1938) Mgr., Air Cond. 
Engrg., •Frigidaire Div., Fri^daire Corp., 300 
Taylor St., Dayton, Ohio, 

KUOINSKl, William V. (4 1930) Pres.. General 
Conditioners, Inc., 639 Summer Ave., and • 10 
Peck Ave., Newark, N. J. 

KUECHENBERG, WUUam A. (M 1937) Pres., 

• R. B. Hayward Co., 1714 Shefficia Ave., 
Chicago, and 427 Elmore Ave., Park Ridge, 111. 

KUEMPEL, Leon L. (M 1936; J 1929) Cincinnati 
Mgr., Hughes Heating & Air Conditioning Co., 
2333 Gilbert Ave,, and •3702 Homewood Rd„ 
Mariemont, Cincinnati, Ohio. 

KUGEL, H. Kenneth (M 1938) Chief Engr., 
Div. of Smoke Regulation and Boiler Inspection, 
District Bldg., and 4 3826 Morrison vSt. N,W., 
Washington, D. C. 

KUHLMANN, Rudolf (M 1928) • Ameresco, Inc., 
60 Church St., New York, and 24 14ncoln Ave,, 
Goshen, N. Y. 

KUMMER, Calvin J- (4 1942; J 1938) 1st Lt„ 
72nd F. A., • Fort Bragg, N. C., and R. R. 3, 
Box 130, Louisville, Ky. 

KUNEN, Herbert (J 1938) Asst. Chief Engr., 

• Anemostat C'orporation of Amarictt, 10 Kust 
39th St., New York, and 117-14 Union Turnpike, 
Kew Gardens, L. L, N. Y. 

KUNTZ, Edward C. (J 1937) Htg. Engr., Ham- 
mond Shwt Metttl Co., 119 Cum Ave,, and 

• 6616a Morganford Rd., St. Umis, Mo. 
KUNZOG, Theodore W. (.V/ 1939) ConsutUmt, 

Htg, Air C'ond. and Refrig., 570 Newark Ave., 
and • 126 ('orbJn Ave,, Jersey <'ity, N, J. 
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KURTH, Franz J. (M 1937) Vice-Pres. and Tech. 
Mgr., •Anemoatat Corporation of America, 
10 E^t 39ti St., New York, and SlO Cortlandt 
Ave., Mamaroneck, N. Y. 

KURTZ, Otto (M 1941) Mech. Engr., 3518 Grove 
St., Oakland, Calif. 

KURTZ, Robert W. (J 1936) 1st Lt„ • Baytown 
Ordnance Works, Baytown, and 224 W. Cowan, 
Houston, Tex. 

KWAN, I. K. (M 1933) Gen. Mgr., eThe China 
Engineering Co., 30 Brcnan Rd., Shanghai, 
China. 


LABONNE, Henri (A 1940) Sales Mgr., Htg. 
Dept. Mgr., CodSre Limitfie, and • 126 Bowen 
St. S., Sherbrooke, Que., Canada. 

LADD, David (Af 1938) Lt. Comdr.. U. S. Naval 
Reserve, U. S. Navy, and *303 E. Wadsworth 
St., Philadelphia, Pa. 

LAGODZINSKI, Harry J. (A 1927; J 1920) 
Sales Engr., ellg Electric Ventilating Co., 222 
N. LaSalle St., Chicago, and Crystal Lake, 111. 
LAIR, Paul H. (M 1940) Engr.. P. H. Lair. 120 
Milk St., Boston, and *52 Athelstane Rd., 
Newton Center, Mass. 

LaMONTAGNE, Arthur P. (A 1936) Sales Mgr., 
Htg. Div., eThe Gurney Foundry Co., Ltd., 
P.O. Box 277, Montreal, and 24 Prince Arthur 
St., St. Lambert, Que., Canada. 

LANDAU, Mitchel (M 1937) Mgr., Htg. Div., 
Mitchel Love, 712-14-16 North 16th St., and 

• 1851 Widener Place, Philaddphia, Pa. 
LANDAUER, Leo L. (M 1938; J 1932) Consulting 

Engr., •607 Southwestern Life Bldg., and 4433 
Stanhope, Dallas, Tex. 

LANDERS, John J. (M 1930; J 1924) Mfra. Repr., 

• 701 Crosby Bldg., Buffalo, and 120 Burroughs 
Drive, Snyder, N. Y. 

LANDES, Bates E. (M 1938) Consulting Engr., 

• 915 Hubbell Bldg., and 1603 47th St., Des 
Moines, Iowa. 

LANE, D. Duffy (M 1934) Secy., Fmnk O’Hara. 
Inc., 40-10 82nd St., Jackson Heights, and • 87- 
65 62nd Ave„ Elmhurst, L. I., N. Y. 

LANG, Jacob (A 1938) Mgr., mLAug & Lang, 
91-48 119th St., and 91-48 Lefferts Blvd., 
Richmond HiU, L. I., N. Y. 

LANG, J. Clifford (J 1937) Commercial Field 
Engr., York Ice Machinery Corp., 117 South 
11th St., St, Louis, Mo., and •606 Washington 
Place, Ekst St. Louis, 111. 

LANGBERG, Martin (A 1941) Vice-Pres., Carroll 
Sheet Metal Works, Inc., 4610 70th St.. Winfield, 
and • 3215 93rd St., Jackson Heights, L. L, N. Y. 
LANGDON, Edwin H, (M 1941) Pres., aLang- 
don-Faulkner Co., 1926 Ninth Ave., and 501 
Olympic Place, Seattle, Wash. 

LANGE, Fred F. (A 1934) Pres., sThe Mechani- 
cal Service Co„ 809 Pence Bldg., Minneapolis, 
and 338 S. Cleveland Ave., St. Paul, Minn. 
LANGE, Raymond T, (M 1936) Engr., Hartzell 
Propeller Fan Co., Box 909, and •224 Jackson 
St., PiQua, Ohio. 

LANOU, J. Ernest (M 1931) Mgr., •F, S. Lanou 
& Son, 90 St. Paul St., and 48 Brooks Ave., 
Burlington, Vt. 

LaRAUS, Julius (J 1940) Production Engr., 
General Instrument Corp., 829 Newark Ave 
gipbeth, N. T., and •22-21 r6th St.. Jackson 
Heights, L. I., N. Y. 

LaROI, George H., 11 (A 1942; J 1936) Adv. Mgr., 

• McDonnell & Miller, Wrigley Bldg., Room 
1316, Chicago, and 506 Vine Ave., Park Ridge, 111. 
LARSON, Carl W. (M 1986) Htg. Engr. and Sales 
Repr., Barnes & Jones, Inc., Industrial Trust 
Bldg., Room 1219, Providence, R. L. and •641 
Hyde Park Ave., Roalindale, Mass. 

LARSON, Clifford P. (A 1939; J 1936) Production 
Engr., Mmnestoa & Ontario Paper Co., 1100 
Builders Exchange, and 2011 Pillsbury Ave., 
Minneapohs, Mmn, 


LARSON, Gustus L.* (Af 1923) iPresidential 
Member) (Pres., 1036; Ist Vice-Pres., 1935; 
2nd Vice-Pres., 1934; Council, 1929-37) Prof. 
Mech. Engrg., and Chairman of Dept, of Mech. 
Engrg., • University of Wisconsin, Mech. Engrg. 
Bldg., Madison, and 1213 Sweetbriar Rd., 
Shorewood Hills, Madison, Wis. 

LaRUE, J. A- Delphls (A 2939) Mgr., •Roofers, 
Inc., 726 Atwater Ave., and 4809A Delarochc 
St., Montreal, Que., Canada. 

LaRUE, Perry (M 1938) Dir. of Bldgs, and 
Grounds, Independent School Diat., 629 Third 
St., and 1321-43rd St., Des Moines, Iowa. 
LaSALVIA, James J. (M 1930) Mech, Engr., 
Austin Co., and •2515 Eaton Rd., University 
Heights. Cleveland, Ohio. 

LASETER, Frank L* (M 1938) Mgr., Heating 
Dept., •Atlanta Gas Light Co., 243 Peachtree 
St., and 1365 Peachtree St., Atlanta, Ga. 
LASKARIS, Nicholas G. (J 1941; S 1938) In 
Charge of Engrg. Dept., Sears, Roebuck & C'o., 
1246 N. Second St., and *760 Aubert Ave,, 
St. Louis, Mo. 

LATTERNER, Henry, Jr. (J 1940) Sales Engr., 
McCrea Equipment Co., 616 Second St. N.W., 
and • 3600 Macomb St. N.W„ Washington, D.(’, 
LAUCKNER, Charles G., HI (J 1938) Jr. Engr., 
General Electric Co., 920 Western Ave., Lynn, 
and ^37 Porter St., East Lynn, Mass. 

LAUBR, Harold B. (M 1930) Vice-Pres., • Eng- 
lish & Lauer, Inc., 1978 S. 1.08 AngeleB St., Los 
Angeles, and 452 .S. Spalding Drive, Beverly 
Hills, Calif. 

L^ER, Rodney F. (M 1941; A 1940; / 10361 
Dist. Sales Mgr., •York Ice Machinery ('orp., 
1238 North 44th St., Philadelphia, and 236 
Glentay Rd., Lansdowne, Pa. 

LAUFKETTER, F, 0. (M 1936) Supt« and Chief 
Engr., •Jefferson Hotel, and 7056 West Park 
Ave., St. Louis, Mo. 

LAUTERBACH, Henry, Jr. (M 1935) Mecli. 
Engr. in Charge of Contract Dept., •Carrier 
Corp., Merchandise Mart Bldg., and 6930 
Merrill Ave., Chicago, III. 

LiyjTC, Fritz A. (M 1936) Engr., Fraser Brace 
Ki^neering Co., Inc., Weldon Springs, and 
r Kirkwood. Mo. 

LAVpRGNA, Michael L. (M 1941; A 1940) Mgr.. 
Milwaukee ^es, • L. J. Mueller Furnace Co.. 
^06 W. Oklahoma Ave., and 4472 N. Murray 
Ave., Milwaukee Wis, 

LAWLOR, John J, (M 1935) Mgr., Heating Div., 
The James Robertson Co., Ltd., 215 Spadina 
Ave., and 0 36 Tennis Crescent, Toronto, Ont*, 
Canada. 

Branch Mgr., 

• S. lUc^tor Corp., 001 Washington Ave. S„ 

» Minneapolis, Minn. 

LAI/^NCE, Floyd D. (A 1938) £les Engr., 

New York, 

T Heights, L, i„ N. V. 

LAWRENCE, LewU F., Jr. (A 1942; J 1938* 
Branch Engr., • Minneapolis- Honeywell Regu- 
ktor Co., 304-iqi Marietta St„ and um 
Greenwood Ave. N.B., Atlanta, Ga. 

IWl) Mech. Engr., 
^ 7th Floor, Boiut 

Allen Bldg., and 570 Gresham Ave. Atlanta. 
Ga. 

LEBRW, (« 1938) StlM Mgr., •duiidl- 
. WUUock, BniMMli. t)«liitMro. 

Igwrt B.V, • The Trane C^JB Wen St., «nd 

2923 Bruner Ave., New York, N. Y, 

Con^ct Depti, 
Kelvinatpr Div., Nash- KelvirnttOf Corp., 14256 
Plymouth Rd., De^t, and #9912 Hubbawl, 

X Gardens, Plymouth, Mich- 

;^rioning Ca. eOO Schuj^ «2356 

* ^Philadelphia, Pa* 

L^, R^obert T. (/ 1937; S 1936) Engr., 
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LEEK, Charles W. (ilf 1938) Managing Dir., 
Leek & Co., Ltd., 1111 Homer St., and •4682 
W. Sixth Ave., Vancouver, B.C., Canada. 
LEEK, Walter (Life Member; M 1903) Pres., 

• Leek & Co„ Ltd., 1111 Homer St., and 4769 
W. Second Ave., Vancouver, B.C., Canada. 

LEFEBVRE, Euftene J. (M 1937) Engr., Warden 
King, Ltd., 2104 Bennett Ave., Montreal, and 

• 378 Wood Ave., Westmount, Que., Canada. 
LEFFEL, Paul C. (A 1941) Owner, The Leffel 

Co., 3323 Main, and eSlO Eaat 76th St., 
Kansas City, Mo. 

LEGLER, Frederick W. (M 1935; A 1933) Pres., 
The Waterbury Co., 17 West 28th St., and 

• 2919 Johnson St. N.E., Minneapolis, Minn. 
LEHMAN, M. G. (A 1937) Owner. *720 O St,. 

and 2011 Worthington, Lincoln, Nebr. 

LEIBY, R. S. (A 1940) Owner, •Robert S. 
Leiby, 212 N. Grant Ave., Columbus, and 6870 
Havens Corners Rd., Blacklick, Ohio. 
LEICHNITZ, Robert W. (/ 1936) Mechanic. 
IL S. Navy, Puget Sound Navy Yard, Bremerton, 
and • 203 Belmont N., Seattle, Wash. 
LEILIOH, Rofter L. (M 1922) Pres., eThe 
Wallace Stebbins Co., 100 S. Charles St.. Balti- 
more, and Ruxton, Baltimore Co., Md. 
LEINROTH, J. P. <M 1929) Gen. Industrial Fuel 
Repr„ ♦PubUc Service Electric & Gas Co., 80 
Park Place, Newark, N, J. 

LEITOH, Arthur S. (M 1908) Pres, and Managing 
Dir,, The Arthur S, Leitch Co., Ltd., 1123 Bay 
St., and ^421 Russell HUl Rd., Toronto, Ont., 
Canada, 

LBITGABEL, Kenneth A. (J 1942; S 1939) Jr. 
Engr., • Modine Manufacturing Co., 1243 
Arthur Ave., Racine, and 2320 North 68th St., 
Milwaukee, Wls. 

LELAND, Warren B. (M 1929) Sales Engr., • The 
H. B. Smith Co., Inc., 67 Main St„ Westfield, 
and 169 Sumner Ave., Springfield, Mass. * 
LELAND, WiUiam E. (Life Member; M 1916) 
Partner, eLeland & Haley, 68 Sutter St., San 
Fiandsco, and 704 The Alameda, Berkeley, 
CaUf. 

LENIHAN, WiUiam O, (A 1936) Vice-Pres., 

• Laverack & .Haines, Inc., White Bldg., and 
703 W. Ferry St., Buffalo, N, Y. 

LENONE, Jose M. 1919) Designing Engr., 

• Wilson & Co., Inc.. 4100 8. Ashland Ave., and 
1017 East 48th St., Cldcago, 111. 

LEONARD, Lorcan C. G. iJ 1937) Tech. Mgr., 

• McCann Jeffreyi, Ltd,, 19-20 SUis* Quay, and 
266 Clontan Rd.* DoUymount, Dublin, Ireland. 

LEONHARD, Lee W. (M 1930) Supvr., Eastman 
Kt^ak Co., and • 1075 Winona Blvd., Rochester, 
N. Y. 

LEONARD, R. R. (A 1942; J 1941} Sales Engr.. 
A. M. Byers Co., 1409 Girard Trust Bldg., 
Pblladclphla. Pa. 

LEOPOLD, Charles S. (M 1034) Consulting 
Engr., •213 S. Broad St., Philadelphia, and 
7600 W Ave.. Elkins Park, Pa. 

URICHE, Ramona E. CA 1941) Diet, omce. 


LEVINE, Lawrence J. (J 1940) Asst. Engr., 
Paragon Oil Burner Corp., 75 Bridgewater St., 
and • 1378 East 12th St., Brooklyn, N. Y, 

LEVITT, Leroy L. (A 1942; J 1940) Air Cond, 
Engr., Calvert Distilling Co., Relay, and •3326 
Gwynns Falls Pkwy., Baltimore, Md. 

LEVY, Marion I. (M 1938; A 1936; J 1931) Pres., 

• Viking Air Conditiomng Corp., 5606 Wal- 
worth Ave,, and 3166 Ludlow Rd., Cleveland, 
Ohio. 

LEWIS, Carroll E. (M 1930) Sales Mgr., Delco- 
Appliance Div., General Motors Sales Corp., 
391 Lyell Ave., and eQ Shelwood Rd., Rochester, 
N. Y. 

LEWIS, Harry E. (A 1942; J 1939) Engr., Eagle 
Picher Lead Co., Temple Bar Bldg., dnd ^220 
Atkinson, Apt. 2, Cincinnati, Ohio. 

LEWIS, H. BYederick (M 1940; A 1937) Vicc- 
Pres. and Gen. Mgr., • Harvey A. Dwight Oil 
Heat and Supply Co., Inc., 147 Dongan Ave., 
Albany, and Sweet’s Crossing, Nassau, N. Y. 

LEWIS, Kenneth C. (A 1938) 306 General 
Motors Research Bldg., Detroit, Mich. 

LEWIS, L. L.* (M 1918) Vice-Pres. and Chief 
Engr., • Carrier Corp., S. Geddes St., and 207 
Sed^ick Drive, Syracuse, N. Y. 

LEWIS, Samuel R.* (M 1905) (Presidential Mem- 
her) (Pres., 1914; 2nd Vice-Pres., 1910; Board of 
Governors, 1909-10; 1912; Council, 1914-16) 
Consulting Mech, Engr., ^407 S. Dearborn St., 
and 4737 Kimbark Ave., Chicago, 111, 

LEWIS, Thornton* (M 1910) (Presidential Mem- 
ber) (Pres., 1929; 1st Vice-Pres., 192$; 2nd Vice- 
Pres., 1927; Council, 1923-30) Principal Produc- 
tion Engr., U. S. Army Ordnance, and 2123 
California St., Washington, D. C., and • R. D. 2, 
Newtown, Pa. 

LEWIS, W. Warner (A 1939) Mgr., Refrig, and 
Air Cond., aMwor Appliance Dept., Beeson 
Hardware Co., P.O. Box 1390, and 604 Woodrow 
Ave., High Point, N. C. 

LEY. Ralph B. (A 194^ Htg.-Vtg. Engr., Archi- 
tect’s Office, District Government, Washington, 
D. C., and • Pine Whiff Beach, Edgewater, Md. 

LIBBY, Ralph S. (A 1039; J 1933) Sales Engr., 
Sheldons, Ltd., 96 Grand Ave. S., and •168 
Grand Ave. S., Apt. 6, Galt, Ont., Canada. 

LICANDRO. James P. CJ 1938) Air Cond. Engr,. 

• Carrier Corp., 704 Statler Bldg., Boston, and 
3 Overlook Rd., Melrose, Mass. 

LICHTY, C. P. (M Mgr., eC. P. Lichty 
Engineering Co., 400H South 2l8t St, and 102 
Ridge Rd„ Birmingham, Ala, 

LIEBERMAN, Morris S. (J 1042; 5 1939) Asst. 
Inspector. Ordnance Material/War Dept., Gage 
l^b., Carnegie Institute of Technology, Pitts- 
burgh, and •646 Sixth St., Oakmont, ra. 

LIEBLICH, Murray (S 1940) Student, • Carnegie 
Institute of Technology, 4921 Forbes St., Pitts- 
^r^h, Pa., and Park Central Hotel, New York, 

LIFTON, David (/ 1942; S 1029) Inspector, 


Raymond B. M 1941) Dtst. Office, 
MinneapoiaHHoneywell keeulftWr Co., 3210 
Second ^ve., and S.W.. Seattle. 


I>ept., and 


Wash. 

LESER, FredoHok A. (M 1041; A 1037) Dist. 
Mtr.. •Hg mectric Venrilating C^o., 6^ 

D. C.. and 7201 Cobalt Rd„ 

LESSINOEk/ B d^r F, (A 1941) Mgr,, aUi- 
singer l^umblag R Heating Co.', 221 S. 10th St, 
and $14 North iSth St., Boise, Idaho. 

LKirPOLD, Owge U (A 1937) Sales Engr., 
MltmeapoUitHoneywell Regulator Co„ 561 Read- 
i^^Rdn and • 1^ Northwood Dr„ Cincinnati, 

LEDTHEBSER, Fr^ W*, Jr, <Af 1937)^ Secy., 
♦ National Metal Prt>ducts Corp., 21 N. Ix^omls 
St,, Chicago, and 1715 North 77tb Court 
Elmwood I^rk, lU. 

..EVINB* Gharlas (J 1939) Air Cond. ^rvkt 
Kngr., Alfred L. Hurt, Inc., 315 Vanderbilt 
Ave., and *1171 Ocean Parkway, Brooklyn, 
N. y . 


LIGE, Walter W. (M 1941; A 1940) Resident 
Mgr., Bell & Gossett Co„ Pittsburgh, and • 230 
Birch Ave., Pittsburgh (16), Pa. 

LIGHT, John C. (A 193$) Branch Mgr., eClow 
Oasteam Heating Co,, 223 Wacastcr St,, Jackson, 
Miss. 

LIGHTHART, Charles H. (M 1936) Mfrs. Sales 
En^., •?. O. Box 112, Niagara Sq. Stition, 
Buffalo, and F^en, N. Y. 

LILJA, Oscar L, (A 1937; / 1936) Asst. Mech. 
Engr,, Tolu, King dc Day, Inc.. 1509 Plonet'r 
Bldg., St Paul, and ♦5000 -ioth Ave. S., 
Minneapolis, Minn. 

LINCOLN, Roland L. (M 1936) Mgr., Dust Ub., 
B, F. Sturtevant Co., Hyde Park, Boston, and 
• Dover, Mass. 

LINDSAY, Grimth W., Jr, (M 1937) mi N. 
Garland Ave., Dayton, Ohio. 

LINDSTROM, Donald F, (/ 1041) Assoc, Engr., 
Alvin L, Lindstrom, Cons, Mecli. Engr,, 1013 
Mortgage Guarantee Bldg.. Atlanta, and •461 
Ansley St., Decatur, Gu. 


41 




HEATING VENTILATING AIR CONDITIONING GUIDE 1942 


LINEBAUGH, John E. (M 1937) Capt., Air 
Corps, Asst. Engr. Officer, O. L C., Production 
Planning Dept., Patterson Field, Fairfield, Ohio. 
LINGEN, Ralph A. (A 1939; J 1938) Dist Mgr., 

• American Foundry & Furnace Co., 709 North 
11th St., Milwaukee, and 619 North 61st St., 
Wauwatosa, Wis. 

LINK, Charles H. (5 1941) 607M W. Franklin 
St., Jackson, Mich. 

LINSENMEYER, Francis J. (M 1935) Dir. of 
Mech. Engrg., • University of Detroit, McNich- 
ols and Livemois, and 19020 Warrington Drive, 
Detroit, Mich. 

LINSKIE, George A. (J 1939) War Dept., U. S. 
Engineers, Denison Dist., and • P. O. Box 495, 
Denison, Tex, 

LINTON, John P. (M 1927) Pres., Engineering 
Installations, Ltd., 1154 Beaver Hall Square, and 

• 247 Brock Ave. N., Montreal W., Que., 
Canada. 

LIPSCOMBE, Harold W. J. (M 1938) Mgr., Air 
Cond. Dept., Davidson & Co., Ltd., Central 
House, Kingsway, London, and • Glenmore, 
Woodland Way, West Wickham, Kent, England. 
LITTLEFORD, Wallace H. (M 1936) Estimating 
Engr., Vice-Prea., •£. J. Febrey & Co., Inc., 
616 New York Ave. N.W., Washington, D. C., 
and 106 Edmonston Rd,, Hyattsville, Md. 
LIVAR, Allen P. (M 1935) Chief Engr., Htg. Div., 
Chrysler Corp., Airtemp Div., 1119 Leo St., 
Dajdon, Ohio. 

LIVERMORE, James N. (M 1939) Mech. Engr., 

• The Detroit Edison Co., 2000 Second Ave., 
Detroit, and Hanover Rd., Pleasant Ridge, Mich. 

LLOYD, Edmund H. (J 1936) Sales Engr., 
Bryant Air Conditioning Corp., 1626 K St. N.W., 
and •2614r'39th St. N.W., Washington, D. C. 
LLOYD, Edward C. (ilf 1927) • Armstrong 

Cork Co., and R. D. 5, Old Philadelphia Pike, 
Lancaster, Pa. 


LOBSTEIN, Melville G. (M 1941) Asst. Chief 
Engr. in Charge of Bldg, and Equip., Museum of 
Science and Industry, 57th St. and Lake Michi- 
gan, Chicago, and •1401 S. Highland Ave., 
Berwyn, 111. 

LOCK, Rowland H. (M 1939) Vice-Pres., J. H. 
Lock & Sons, Ltd., 221 Sterling Rd., and ^24 
Kennedy Park Rd., Toronto, Ont., Canada. 

LOCKE, James S. (M 1939) Sales Engr., Minne- 
apoIis-Honeywell Regulator Co., 433 E. Erie St.. 
Chicago, and *1828 Fairview Ave. S., Park 
Ridge, 111. 

Robert A. CM 1935) Mgr., Steel Heating 
Boiler Institute, Middletown, Pa. 

LOCKHART, Harold A. (A 1936: / 1935) Chief 

. Engr., Bdl & Gossett Co., 8200 Austin Ave., 
Morton Grove, and sBox 5385, R.R. 7, Des 
Plaines, 111. 

LO^CKB^T, WiUiam R. (A 1939; J 1936) Dist. 
^les Mgr., eYork Ice Machinery Corp,, 215 
investment Bldg., Washington. D. C., and U. S. 
Navy, c jo Postmaster, New York, N. Y . 

LOEFFLER, Frank X., Sr. (M 1914) Pres., 
• Loeffler-Greene Supply Co., 1604 N.W. Fifth 
St., and 1811 Northwest 19th St., Oklahoma City. 
Okla. 


1^33; A 1931; J 1927) Mgr., 
New Sha^hai Heating & Plumbing Co., 330 
Natio^l Commerce Bank Bldg., 406 Kiangse 
Rd., Shanghai, China. 

LWpON, Mimrlce (A 1941) Owner, • S. & L. 
Engineering Co., 3006 Mermaid Ave., and 2926 
Mermaid Ave., Brooklyn, N. Y. 

J- (*5 1^39) Chief Plbg. Engr., 
Can & J. E. Greiner Co., Marine Barracks, 
Jacksonville, and sBox 232A, R, R. No. 1, 
Newport, N. C. 

1938) Sales Engr., • Buf- 
falo Forge Co., 490 Broadway, Buffalo, N. Y. 

LONG, Wayne E. (M 1935) Prof. Mech. Engrg,. 
• Texas A^'cultural & Mechanical Collet, 
College Station, Tex. ’ 

LONGCOY, Grant B. (M 1933) Engr.. Joseph 
Leader Bldg., Cleveland, 
and • 1215 Ramona Ave., Lakewood, Ohio. 


LOO, Ping Yok (M 1933) Gen. Mgr,, •China 
Engineering Co., 30 Brenan Rd., Shanghai, and 
271-73 Dunbarton Rd., Tientsin, China. 

LOUCKS, D. W. (A 1930) Supvr., Commercial 
Elec. & Steam Sales, •Duquesne Light Co., 435 
Sixth Ave., and 1049 Osage Drive, Wilkinsburg, 
Pittsburgh, Pa. 

LOUGHRAN, Patrick H., Jr. (7 1937) Asat. Mgr. 
Govt. Sales Dept., Wasliington Gas Light C'o., 
411 Tenth St. N.W., and •45l3~49th St, N.W., 
Washington, D. C. 

LOVE, Clarence H. (M 1919) Mfrs. Agent, 
Nash Engineering Co., 421 Chamber of C'om- 
mercc, and •289 Norwalk Ave., Buffalo, N, Y. 

LOWE, Robert A. (7 1938) Engr., United States 
Government, and •4015J{t Country Club Drive, 
Los Angeles, Calif. 

LOWE, Walter (7 1940; .9 1938) Htg. Engr.. The 
Peoples Natural Gas Co., 645 Wm. Penn Way, 
and • 443 Althea St., Pittsburgh, Pa. 

LOWNSBERY, B. F. (M 1920) Preject Engr., 
Benjamin F. Shaw Co., 201 E, Lombard St., 
and *21 S. Sycamore St., Wilmington, Del. 

LUCK, Alexander W,* (Life Member; U 1919) 
Htg. Engr.-Consultant, 532 Woodward St., 
Reading, and • P.O. Box 34, Reiffton, Pa* 

LUGKE, Charles E. (Af 1924) Stevens Prof. 
Emeritus Mech. Engrg., •Columbia University, 
Pupin Bldg., and 186 Riverside Drive, New 
York, N. Y. 

LUDLOW, Harold M. (M 1940) Sales and Engrg., 
• 226 S. Parish St., P.O. Box 1368, and 960 
Pecan Blvd., Jackson, Miss. 

LUND, Clarence E.* (M 1930; 7 1935; .V 1933) 
Mech. Engr., University* of Miimesotsi Engineer- 
ing Experiment Station, and •4817 I2th 
Ave. S., Minneapolis, Minn. 

LUTY, Donald J. (M 1933) Asst, Gen, Mgr., Air 

, Cond. Div., • Gar Wood Industries, Inc., 7924 
RiopelleSt., and 13661 Cloveriawn Ave., Detroit, 
Mich. 


LYFORD, Robert G. (7 1939) Branch Mgr., 
• The Powers Regulator Co., 1634 Allen Hldg., 
and 2717 E. Amherst Ave., Dallas, Tex. 

LYLE, J. I.* (Af 1911) (Presideniial Member) 
(Pres., 1917: Council, 1917-18) Prctt., •(\'UTier 
Corp., and Orchard Rd., Syracuse, N. Y. 


LYMAN, Samuel B. (A 1924) Bucnsod-Stacey 
Air Conditioning, Inc., 60 Bast 42od St., New 
York, N. Y., and • 866 Hueston Sit., Union, N. J. 
LTOCH, James R, (A 1940) Owner, •Lynch 
Furnace Co., 1804 N.E. Union, and 2952 N.K. 
EdgehxH Place, Portland, Ore. 


LYNCH, WiUiam L. (M 1928) Pres., •Roim^ 
Turney Radiator Co„ and 1205 N. CJeorge St., 
Rome, N. Y. 


LYNN, Pmdwick B. (M 193^ Refrig. Engr., 
Electnc Products Corp., 66i^ Penn Ave„ Pitts- 
burgh, and •812 Moyhend St., Springdale, Pa. 

LYON, Doug^ McClure (A 1941) Partner, 
• Douglas McClure Lyon, 317 State Tower 
Bldg., and 1826 James Sit., Syracuse, N. Y. 

LYON, P. S. (M 1929) Pres., •Cochmne Corp., 
17th St. and Allegheny Ave., and 3416 Warden 
Drive, Phxiadelphra, Pa. 

Comtdim J. (A 1932) Sales Engr,, 
Nash Enidneering Co., Wilson Ave.^and #5 
Olmstcad Place, South Norwalk, Conn. 


outh Norwalk, Conn, 


M 


MABLBY, Louis C. (M 1937) UU U. S, N. R., 
Executive Officer, U. S. Naval Section Base, 
Sabmc Pass, Tex. 


MABLBY, T. HoXUster 1989) Chief KngTM 
• Mechanical Heat St Cold, Inc.. 7704 Wood- 
wd Ave., D^rdt, and 2328 Yorkshire Rd., 
Birmingham, Mich. 


MABON, James E. (7 1942: S 1939) Engr., The 
Glenn L. Martin Co., 409 Southway, {^tmore, 
Md., and *340 N. Walnut BmlrsvtUf, Pa, 
MACCUBBIN, Howard A. (M 1934) Buyer, Htg. 
Equip., Moatgomw Ward at Co., and #4914 
N. Mason Ave., Chkago, III. 
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MACDONALD, Donald B. (i/ 1030) Engr., 
Sordom Const. Co., 46 Owens St., Forty Fort, and 

• 101 E. Walnut St,, Kingston, Pa. 
MacDONALD, Dou^tlas J. (M 1935) Vice-Prea., 

Htg. Div., •Standard Sanitary Dominion Radi- 
ator Co,, Ltd., Royce and Lansdowne Avcs., and 
96 Hudson Drive, Toronto, Ont., Canada. 
MacEACHlN, Graham <L (M 1938) Capt., Corps 
of Engrs., U. S. Army, Co. C„ 35th Engineer 
Tng. Battalion, Fort Leonard Wood, Mo., and 

• 5112 Byers Ax^c., Fort Worth, Tex. 
MacGREGOR, Cecil M. (A 1939) Capt., F. A., 

U. S, Army, Field Artillery School, Fort Sill, 
and eBox 1193, Lawton, Okla. 

MACHEN, James T. (A 1938; J 1934) Asst. Vice- 
Pres., •The Ric-wiL Co., 1562 Union Commerce 
Bldg., and Sterling Hotel, Cleveland, Ohio. 
MACHEREL, Ferdinand (M 1939) Mgr.-Owner, 
INCO, ‘Tndustrieset Coufert," 50 Rue Daquerre, 
Algiers, French North Africa. 

MACHIN, Donald W. (J 1936) Fuel Service 
Engr., Pittsburgh & Midway Coal Mining Co., 
610 Dwight Bldg., Kanaaa City, Mo., and •2112 
Vermont St., Lawrence, Kan. 

MACK, Emil H, (A 1938) Asst. Sales Mgr., The 
Vilter Manufacturing Co., 2217 S. First St., and 

• 2225 N. Booth St., Milwaukee, Wis. 

MACK, Ludwijt (M 1036) Dist. Mgr., Cooling & 

Air Cond* Div., B. F. Sturtevant Co., Cresmont 
and Haddon Aves., Camden, N. J., and • 412 W. 
Hortter St., Philadelphia, 1^. 

MacLACHLAN, Victor D. (A 1930; J 1938) 
Flight Lt., R.A.F,V.R., • Honeywell-Brown, Ltd., 
Wadsworth Rd., Perivale, Greenford, Middlesex, 
and R.A.F. Station, Digby, Lincoln, England. 
MacLEAN, H. A. 1039) Mgr., •The MacLcan 
Plumbing Servlets P.O. Box 400, and 89 Tremoy 
Rd., Noranda, Ouc., Canada. 

MacMXLLAN, Alexander R. (M 1936) Mgr., 
Delco Appliance Div., •General Motors Sales 
Corp., 2-160 General Motors Bldg., and 2465 
Longfellow Ave., Detroit, Mich. 

MACRAE, Robert B, (A 1939; J 1036) Engr., 

• E. J. Nell Co., P.O. Box 104^ Manila, and 
No. 6 Palm Court, Pasav, Rijial, P. I. 

MACROW, Lawrence (A 1941; J 1036) Branch 
Chief Engr., • Carrier Corp,, 12 South 12th St., 
Philadelphia, and Buttonwood Way, Glensidc 
H^glite, Pa. 

MaeWATTv Donald A. Of 1938) Sales Engr., 
Powers Regulator Co., 231 East 46th St., New 
York, and •Plandomc, L. L, N. Y. 

MADDUX, O, Lloyd fW 1035; A 1933) Owner, 
O. Lloyd Maddux, 63 Parle Place, New York, 
N. Yo and • 17 Tallmadge Ave., Chatham, N. J, 
MADELY, Predertek J, (A 1980) Chief Estimator, 
F4kstcm Steel Products, Ltd., 1335 Delorlmler 
Ave., and aOSTO l^uis-Hemon St., Montreal, 
Oue,, Canada. 

MADISON, Richard D. (M 1926) Research Engr., 

• Buffalo Forge Co., 490 Broadway, Buffalo, and 
218 Braniwood Rd.. Snyder, N. Y. 

MAEHLING. Leon S. {M 1032) Supt. of Service. 
Equitable Gas Co., 6804 Penn Ave., and 
Country Club Drive, Pittsburgh, Pa. 

Ma<aRL, Willis J. (A/ 1934; A 1931: J 1927) 
Chief Engr., • P. H. MaGiri Foundry i Furnace 
Works, 401-13 B. Oakland Ave., and 1119 E. 
Monroe St., Bloomlngfon, Hi. 

MAONUSSON, NXcholaa </l 1938) Estimator- 
Detfgner-Sales, Montgomery Ward & Co., 160- 
15 Jamaica Ave., aiS • 138-05 Linden kvd., 
JaoJaica, U L, N, Y. 

MAHONt B. B. CM 1935) Principal of Air Cond., 

• International Correspondence Sdtool, Wyo- 
ming Ave* and Aelt St., and 433 Fig St., Scranton, 

datence A. (A 1938) Public Works 
Dept., «City Hall, 18tu Moor, and 6123 Ken- 
wo^ Av^, Kansas City, Mo, 

MAHON, Frank B. (M 1937) Industrial Sales 
Promotion. •Dtt(iuesne Light Co., 435 Sixth 
Ave.i and 290 LeMoyne Ave., Pittsburgh, Pn. 
MAHONEY, David J. CM 1930; A 1926) Branch 
Mgr^, ♦Johnson Service Co., 603 Franklin St., 
and 140 Unwood Ave,, Buffaki, N, Y. 


MAIER, George M. (M 1921) •American 
Radiator & Standard Sanitary Corp., Bessemer 
Bldg., Room 1226, Pittsburgh, and 135 Longue 
Vue Dr., Mt. Lebanon, Pa. 

MAIER, Herman F. (M 1926) Chief Engr.- 
Secy., eNew York Blower Co., 3155 Shields 
Ave., and 7124 S. Morgan St., Chicago, 111. 
MAKIN, Henry T., Jr. (M 1939) Engr. and 
Archts. Repr., American Radiator & Standard 
Sanitary Corp., 2212 Walnut St., and •301 
Wadsworth Ave., Philadelphia, Pa. 

MALIN, Benjamin S. (M 1940; J 1939) Ordnance 
Officer, Executive Plant Equipment Section, 
Manufacturing Dept., Springfield Armory, Ord- 
nance Dept., U. S. Army, and •34 Bronson 
Terrace, Springfield, Mass. 

MALLIS, WilUam (JW 1914) Owner. mZZO Lyon 
Bldg., and 723 Federal Ave., Seattle, Wash. 
MALLY, Chester F. (M 1940; A 1938) Gen. Mgr., 

• Mally & Co., 307 Boulevard Bldg., Detroit, 
and 292 W. Woodland Ave., Ferndalc, Mich. 

MALONE, Dayle G. (M 1929; A 1926) Branch 
Mgr., •Petroleum Heat & Power Co., 3301 S. 
California Ave., and 7337 Merrill Ave^ Chicago, 111. 
MALONE, James S. (A 1936) Dist. Repr., 

• Hoffman Specialty Co., 4 N. Eighth St., and 
7124 Waterman Ave., St. Louis, Mo. 

MALVIN, Ray C. (M 1929) Pres., •Malvin & 
May, Inc., 2015 S. Michigan Ave., and 8220 
Dante Ave., Chicago, 111. 

MANDELL, Thomas F. (A 1937) Sales, Carrier 
Corp., 704 Statler Office Bldg., Boston, and 

• Walnut Rd., South Hamilton, Mass. 

MANK, MerrUl (A 1939) Owner, •Merrill Mank 

Co., 14 Bonnefoy Place, and 16 North Ave., 
New Rochelle, N. Y. 

MANN, Walter N. (M 1939) Gen. Mgr., Brock- 
house Heater Co., Ltd., Victoria Works, West 
Bromwich, Staffs., and • “Moncymore," Can- 
well, Sutton Coldfield, Warwickshire, England. 
MANNEN, D. Edward, Jr. (J 1939) Vice-Pros,, 
The Mannen & Roth Co., 9108 Woodland Ave., 
Cleveland, and •4167 Silsby Rd., University 
Hdghts, Ohio. 

MANNING, C. E. (A 1942; J 1937) Engr., 
Commercial & Air Cond. Div., Frigidaire Div., 
General Motors Sales Corp., Euclid and Friend- 
ship, and *6206 Sellers St., Pittsburgh, Pa. 
MAJnNY, J^ Hauroy <A 1936) Pres., • Robinson 
Furnace Co., 213 W. Hubbard St., and 242 N, 
Parkside Ave., Chicago, 111. 

MARCHIO, Emilio, Jr. (/ 1940; 5 1038) Student, 
Betz Air Conditioning Corp., 1820 Wyandotte, 
and •212 S. Monroe, Kansas City, Mo. 
MARCONETT, Vernon G. (A 1936) Supt., The 
Farquhar Furnace Co., and •216 Fulton St., 
Wilmington, Ohio. 

MARIN, Axel* (M 1935) Assoc. Prof. Mech. 
Engrg., •University of Michigan, 241 W. 
Enmneering Bldg., and P.O. Box 175, Ann 
Arbor, Mich. 

MARINO, Frank A. (A 1041) Partner, Controlled 
Heating Co., 38-12 69th St., Woodslde, and •34- 
25 107th St., Corona, L. I., N. Y. 

MARKERT, John W. (A 1940) Naval Archt., 
Htg. and Vtg., U. S. Maritime Commission, 
Room 4626, Dept, of Commerce Bldg,, Wash- 
ington, D. C., and •SdOO Garfield St., Bethesda, 
Md. 

MARKLAND, Charles E. (M 1939) Mech. 
Operating Engr., • University of Illinois, Urbana, 
and 1211 W. Healey St., Cliampdgn. III. 
MARKS, Alexander A. (A 1930) Chief Engr.. 
Richmond Radiator Co», 818 Fayette Title and 
Trust Bldg,, Uniontown, Pti. 

MARKUSIL Emery U, (M 1931) Secy., • IJasU^rn 
Mechanical 225 East 2lst St„ New York, 
and 84-30 ^6th Ave., Woodhaven, L. I., N. Y. 
MARRINER, John M. S. (Af 1984) Vict^Pres,, 

• Taylor Engineering & Construction Co., Ltd., 
80 tuchmond St. W., and lllH Balsam Ave., 
Toronto, Ont., Canada. 

MARSCHALL, Peter J. (Af 1930; / 1927) Engr., 
Kroeschell Engineering Co., 215 W, Ontario St., 
(Ihicago, and •2009 Greenwood Ave,, Wilmette, 
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MARSHALL, Albert W. (M 1937) Inspector and 
Engr., Hartford Steam Boiler Inspection & 
Insurance Co., 1806 Arrott Bldg.^ Pittsburgh, 
and • 1120 Highview Rd., Dravosburg, Pa. 
MARSHALL, James (7 1939) Engr., The Bahn- 
son Co., 1001 S. Marshall St., and eApt. A 
3-108 Twin Castles, Winston-Salem, N. C, 
MARSHALL, OrvUle D. (M 1942; A 1931) Mfrs. 
Agent, • 311 Anderson Bldg., and 1440 Fisk Rd., 
S.E., Grand Rapids, Mich. 

MARSHALL, Stanley C. (M 1939) Chief Engr., 
Mayflower-Lewis Corp., Duluth and E. Seventh 
St., St. Paul, and *2735 Toledo, Minneapolis, 
Minn. 

MARSHALL, Thomas A. (J 1937) Sales Engr., 

• York Ice Machinery Corp., 1275 Folsom St., 
and 1369 Hyde St., San Francisco, Calif, 

MARSHALL, WilUam D. (M 1935) Branch Mgr.. 
Noland Co., Inc,, 1823 N. Arlington Ridge Rd., 
and *3232 Woodrow St. N., Arlington, Va. 
MARSTON, Anson D.* (A 1937) Major, G. S. C.. 
Asst, to A. C. of S. CG-3), •Headquarters V, 
Army Corps, Camp Beauregard, La. 

MART, Leon T. (M 1941) Pres., The Marley 
Co., 3001 Fairfax Rd., Kansas City, Kan., and 

• 6840 Tomahawk Rd.. Kansas City, Mo. 
MARTENS, E, D. (M 1937) Gen. Mgr., jiF. 

Brutschy Co., Inc., 701 Columbia Pike, Arling- 
ton, Va., and 89 Eldridge Ave., Hempstead, 
L. I„ N, Y. 

MARTIN, Albert B. (U 1917) Branch Mgr., 

• Kewanee Boiler Co., 1858 S. Western Ave., 
Chicago, and 997 Vine St., Winnetka, 111. 

MARTIN, G. D. (M 1941) Branch Mgr., • Giin- 
nell Co. of the Pacific, 601 Brannan St., and 
1021 Kirkham St., San Frandsco, Calif. 
MARTIN, George W.* (Life Member- M 1911) 
Supervising Engr., •U, S. Realty & Improve- 
ment Co., Ill Broadway, New York, N. Y., and 
340 Prospect St., Ridgewood, N. J. 

MARTIN, John O. (A 1939) Partner, ej. 0. & 
C. U. Martin, 637 Minna St., San Frandsco, and 
328 Jerome Ave., Piedmont, Calif. 

MARTIN, Raymond (A 1937) Sales Engr., 
•Vapor Car Heating Company of Canada* Ltd., 
65 Dalhousie St., Montreal, and 9 Morris Ave , 
Ste. Therese, Que., Canada. 

MARTOCELLO, Joseph A. (M 1934) Pres., 

• Jos. A. Martocello & Co„ 229 North 13th St., 
Philadelphia, Pa. 

MARTY, Edaar O. (M 1916) Chief Elec. & Mech. 
Engr., Pennsylvania Turnpike Commission, 11 
N. Fourth St., Harrisburg, and •218 North 20th 
St., PottsviUe, Pa. 

MARTYN, Henry J. (A 1937) Pres., eMartyn 
Bros., Inc., 911 Camp St„ and 5306 Rldgedale 
St., Dallas, Tex. 


MARZOLF, Frank X. (A 1987) Sales Engr., Min- 
neapoUs-Honeywell Regulator Co., 416 Brainard 
St., and •16790 St. Marys, Detroit, Mich. 
MARZORATI, Giuseppe (U 1938) Consulting 
Engr., eSi. N.C. Giacomo Jucker, Mauro 
Macchi 28» and Baldissera 9, Milano, Italy. 
MASON, Ray B. (U 1925) Sales Engr., • Kewanee 
Boiler Corp., 2014 Wyandotte St, and 121 East 
70th Terrace, Kansas City, Mo, 

MAST, Clyde M. (A 1940) .Heating Sc Air Con- 
ditioning Supply, Inc., 263 Sierra St., and •536 
Nixon St., Reno, Nev. 

MATCHETT, James C. (M 1923) Vice-Pres. and 
Gen.^ Mgr,, • Illinois Engineering Co., Racine 
Ave. and 21st St., and 9936 S. Winchester Ave., 
Chicago. 111. 

MATHEKA, Charles R. (S 1939) U.S.S. Tattnall, 

• c/o Postmaster General, New York, N. Y., and 
1506 Summit Ave., Union City, N. J. 

MATHER, Harry H. (A 1929) Trees., Mather 
Paper Co., 611 S. Front St, Phitedelphia, and 

• 373 Lakeview Ave., Drexel Hill, PSh, 

MATHEWSON, M. E. (M 1937) eA. M. 

Kinney, Inc., 1301 Enquirer Bldg., and 3569 
Erie Ave,, Cindnnati, Ohio. 


MATHIS, Eugene‘S (M 1922) Vice-Pres. and 
Treas., • The New York Blower Co., 33nd St. 
and Shields Ave., Armour P.O. Station, and 9151 
S, Hoyne Ave., Chicago, 111- 


MATHIS, Henry (M 1921)^ The New York 
Blower Co., 32nd St. and Shields Ave., Armour 
P. O. Station, and •11246 Longwood Dr., 
Chicago, 111. 

MATHIS, John (A 1938) Engr., • Standard 
Furnace & Supply Co., 407 S. Tenth St., and 109 
South 42nd St, Omaha, Nebr. 

MATHIS, Julien W, (A 1021) •New York 
Blower Co., 3145-56 Shields Ave., and 7929 
Bishop St., Chicago, 111. 

MATHISON, Russell St. Clair (.1 1938) Asst 
Mgr., Weathermakers (Canada), Ltd., 593 Ade- 
laide St. W., and *44 Strathgowan Ave., 
Toronto, Ont., Canada. 

MATOUSEK, A. G. (M 1037) Mgr., Gamble 
Store, Schuyler, Nebr. 

MATTHEWS, John E. (M 1934) Stiles Engr., 
B. F. Sturtevant Co., Crestmont & Haddon Ave., 
Camden, and #300 Chestnut St., Haddonfield, 
N. J. 

MATTHIES, Leo A. (S 1941) Ensign, U.S.N.R., 

• B. 0. 2, Naval Air Station, Seattle, Wash., and 
4433 18th Ave, Mkineapolia, Minn. 

MATTINGLY, Maurice F, (A 1939} Sales Kngr., 

• Johnson Service Co., 1355 Washington Blvd., 
and 8028 Ingleside Ave., Chicago, 111. 

MATZ, George N. (M 1938) Mech. Engr., A. 
Ernest D'Ambly, 2101 Architects Bldg., Plilla- 
delphia, and •649 Ferae Ave*, Drexel Hill, Pa. 
MATZEN, Harry B. (M 1019) Consulting Mecli. 
Engr., 186 Madison Ave., New York, and • 16 
Addison Place, Rockville Centre, L. I., N. Y. 
MAURER, Lester (M 1941) Asst. Engr., Navy 
Dept,, and ^2027 Massadiusctts Ave. N.W., 
Washington, D, C. 

MAVES, G. 0. (A 1939) Sales Engr.. ♦Minnv- 
apolis-Honeywell Regulator Co., 1305 Capitol 
Ave^ and 2340 Wroxton Rd., Houston, Tex. 
MAWBY, Pcnsyl (M 1934) DIst, Stiles Mgr., 
Lehigh Navigation Coal Co., 123 S. Broad St., 
Philadelphia, and • 15 E. Ridley Ave., Ridley 
Park Pa 

MAXV^LL, Geonle W. (M 1035; 5' 1932) Kngr., 
Kcnealy Sc Maxwell, Main St., and •l.iwer 
County Rd., Harwich Port, Mass. 

MAXWELL, R. Shlorlaw (M 1937) C'»en. Mgr., 

• Bennett & Wright, Ltd., 72 Queen St. K., and 
107 Cheltenham Ave., Toronto, Ont., Canada. 

MAY, Arthur O. (A 1938; J 1928) Secy.. eStan- 
nard Power Equipment Co., 53 W. Jackson Blvd.. 
Room 025, and 5736 N. Bernard St.. Chicago, 111. 
MAY, C. W. (M 19.33) Consulting Engr.. •1803 
Smith Tower, and 0056 Fourth N.E., Seattle. 
Wash, 

MAY, Edward M, (M 1931) Branch Mgr. and 
Combustion Engr., Steel Products Engineering 
Co., 1601 S. Miciiigan Ave.. Chicago, and 
N. Ridgcland Ave.. Oak Park. ill. 

MAY, George Elmer**' (M 1933) tHUlxatlon Engr.. 
New Orleans Public Service. Ine*, 317 Buronne 
^St.. New Orleans. La. 

MAY, James W. (Af 1938; J 1935) Assoc. Prof, 
of Htg. and Vtg., • College Kngrg.. University 
of Kentucky, and 1046 Fontaine Rd„ {.exlngton, 

mM; MmcweU F. (M 1929) Vlce^Pivs,, • Young 
and Palt»s Park, III. 
MAYimB, Cfharles E. (M 1926) Salwi Engr,, 
E. B, Badgw & Sons Co,. 75 hits St„ and 
Boston. Mass. 

MAYNARD, J, B^l« (M 1931) Chief Ut«. Engr,, 
Sales Engrg.^ DepL, AmeHcan iUd&tor Si 
Unitary Corp., and •324 Fifth St.. 
Elyria, Ohio. 

MAYNE, Waltw L. (M 1938) VittJ-Pres,-Sales 
Mgr., •Marsh Valve Co„ Brigham Rd. at 
Dunkirk, N. V. 

McBRlDE, J. Kevins (A 1941) Vler-Pttss., 

• Frank A, M^rtde Co.. 158 W*ad St., and 228 

Ave.. PaUfson. N. J. 

MgCAlPFERTY, Jotgpli E. U 1987> Dint, Engr.. 
Petroleum Heat 5c I^wtr Co.. 419 Eoylston 5t., 
Boston, and 0747 Front St*. Weywoutlt, Mass. 
McC^FRAY. Chunks E. (M 1988) Sales Kngr., 

• 100 vv^t ihnd St., more, and 5700 Cttm 
Country Blvd.. Mt. Washington. Md, 
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McGAIN, H. Kinft (H 1939; A 1938; J 1937) 
Consulting Engr., • Newcomb & Boyd, 615 Trust 
Co. of Ga. Bldg., and 85 Old Ivy Rd., Atlanta, 
Ga. 

McCALLUM, Chester E. (A/ 1941) Asst. Chief 
Engr., •The Bahnson Co., and Chatham Apts., 
Winston-Salem, N. C. 

McCAJW, Frank D, (A 1939) Supvr. Air Cond. 
Sales, •Westinghouae.Electric & Manufacturing 
Co., 40 Wall St., New York, and 378 Scarsdale 
Rd., Crestwood, Yonkers, N. Y. 

McCarthy, John J. (A 1937) Htg.-Vtg. Engr., 

• Providence Public School Dept,, 20 Summer 
St., and 318 Academy Ave., Providence, R. I. 

McCarthy, Thomas F. (M 1938) Sales Engr., 
Kroeschell Engineering Co., 215 W. Ontario St., 
and • 6948 Calumet Ave., Chicago. 111. 
McCauley, James H. (M 1921) Pres., •!. H. 
McCaul<y & Son, 5620 West 65th St., Chicago, 
and 707 William St., River Forest, 111. 
McCLANAHAN, L. C. (M 1930) Dist. Mgr., 

• Aerofin Corp,, 003 Great National Life Bldg., 
and 811 S. Tyler, Dallas, Tex. 

McClellan, James E. (M 1922) Office Mgr., 

• American Blower Coro., 228 N. LaSalle St.. 
Chicago, and 738 Marion Ave., Highland Park, 111. 

McCLINTOCK, William (M 1935) Consulting 
Engr., Board of Education, 34J4 East 12th St., 
an<r #647 East 232nd St.. New York, N. Y. 
McCLOSKEY, John H, (A 1940) Owner, J. H. 
McCloakcy, 109 North St., and •304 Elkton 
Blvd., Klkton, Md. 

McCLUNG. Tom H. (A 1942: J 1939) Sales Engr., 
Brod & McCIung, Lewis Blag., and •0020 N.B. 
Alameda, Portland, Ore. 

McCONACHIE, L. L. (A 1028) Owner, •!.. I.. 
McConachie Co„ 1003 Maryland Ave., Detroit, 
and 1415 Harvard Rd., Grosse Pointe Park, 
Mich. 

McCONNBR, Charles R. (A 1925; J 1922) Gen. 
Sales Mgr., •Claragc Fan Co., and 1904 Waite 
Ave.. Kalamaxoo, Mich. 

McCORMACK, Denis (A/ 193^ Mgr., Com- 
mercial Instruments & Controls Dept., Julien P. 
Friez 8t Sons, Div. of Bendix Aviation Corp., 
4 N. Central Ave., and sRuxton Post Office, 
Baltimore, Md. 

McCORMidK, G«orAe W.. Jr. (4 1941) Sale, 
Engr., American Blower Corp., 307 Essex Bldg., 
and *802 Mt, Curve Ave., Minneapolis, Minn. 
McCOY, C\ B. (M 1930) Partner. sTurner- 
McCoy, 316 W. Second St., and 6117 Sherwood 
Rd^ Little Rock, Ark. 

MeSoY, Thomms F. (U 1924) Mgr., •The 
Powers Regulator Co., 125 St. Botolph St., 
Boston, and Glen Rd., Wellesley Farms, Mass. 
McOREA, Joseph B. (M 1987) Htg. and Vtg., 
1^10 Drexel Ave., Detroit, Mich. 

McCRBA, Lester W. (AT 1920) Prop., •McCrea 
Sales Co., 19 N, Carrollton Ave., and 664 W. 
University Pkwvn Baltimore. Md. 

McCULLEY, D. E. (A 1917) Mfra. Repr., •1101 
^ck$on St., and 1 102 Park Ave., No. 3, Omaha, 

Mc^LOUCH, Henry G. (A^ 1930) Vice-Pres., 
S, S, Frets, Jr., Ino., 1902 Chestnut St., ana 
•7W Uncom Dr., Mt. Airy, Philadelphia, Pa, 
McCUIXOUGH. John L. (u 1930) •Hvry 


•7949 uncoin ur., Mt, Airy. t'lUtedeiptiia, fa. 
oCUIXOUGH. John L. (u 1930) •Horiy 
Dougherty St Son, Freeport, and 105 Koycroft 


Dougherty St Son, Freeport, and 105 Koycroft 
<15), PlttsburA, A, 

B. V. (M 1928) Owner, •McCune^s 
Mr CoadlUoning, 807 W, Yakima Ave,, Yakima, 

McCR^'KER, JfMtnes P. (S 1940) Student, 
Catholic Univenljty of America, and •1445 
Evarti StJ^aE., Wishington, D. C. 
MdOBRMOTTt John (A 1942; J 1939) 

• Engr. Corps, Fort Belvdr, Va., and 3534 S.E. 
Clayboume, Fwtland, Ore. 

MCDONALD, Pmn (A 1938) Branch Mgr,, 

• Minneapolis^Honey^ll Regulator Co., 44 
Prinosii St., and 132 Kingston Row, Winnipeg, 
Man., Canada. 

McDonald, Thomas (A 1931) Vice-Pres.. 

• Mlnneapolis-Honeywen Regulator Co., and 
4618 Drexel Ave., MlnneupoUs, Minn. 


McDonnell, Everett N. (M 1923) (Council, 
1940-41) Pres., •McDonnell & Miller, 400 N. 
Michigan Ave., and Drake Hotel, Chicago, 111. 
McDonnell, John E. (A 1936) Sales Engr., 

• McDonnell & Miller, 400 N. Michigan Ave., 
Chicago, and 2299 Lakeside Place, Highland 
Park, 111. 

McDowell, Harry L. (J 1939) Sales Repr., 

• U. S. Radiator Corp., 1128 Belt Line Blvd., 
Columbia, S. C. 

McELGIN, John W.* (A 1937; J 1931) Engr.. 
J. J. Nesbitt, Inc., Holmesburg, Philadelphia, 
and •Limekiln and Butler Pikes. Ambler, Pa. 
McENTEE, Francis M. (M 1940) Asst. Super- 
vising Air Cond. Engr., • Office of the Architect, 
U. S. Capitol, and 718 Somerset Plate, Wash- 
ington, D. C. 

McGEORGE, Richard H. (M 1927) Mgr., Htg.- 
Air Cond. Dept., McCord Radiator & Manu- 
facturing Co., 2687 E. Grand Blvd., and • 14666 
Glastonbury Rd., Detroit, Mich. 

McGINN, George F. (A 1941) Mai., Infantry, 

• Reception Center, Fort George G. Meade, Md., 
and 106 Beechwood Ave., Catonsville, Md. 

McGinnis, Frank L. (M 1940) Mech. Engr., 
Williamsburg Restorations, Inc., and *382 N. 
Henry St., Williamsburg, Va. 

McGONAGLE, Arthur (M 1932) Consulting 
Engr., •1013 Fulton Bldg., Pittsburgh, and 
6816 Prospect Ave., Ben Avon, Pa. 

McGOWN, Frederick H., Jr. (J 1941; S 1939) 
Instructor, eWyoming Seminary, Kingston, Pa., 
and P.O. Box 106, Cooperstown, N, Y. 
McGRAIL, Thomas E. (M 1920) l-ocal Repr., 

• Canadian Sirocco Co., Ltd., 63 Sparks St., 
Ottawa, Ont., Canada. 

McILVAiNE. John H.* (M 1929) Pres., Land- 
wehr Heating Corp., Sixth and Cuyuga Sts., 
Philadebhia, and sCOl Pembroke Rd., Bryn 
Mawr, Pa. 

MeINDOE, James F. (M 1939; A 1931) Sales, 
American Radiator & Standard Sanitary Corp.. 
1001 Pacific Bldg., and • 1863 N.W. Aspen St., 
Portland, Ore. 

MclNTIRE, James F.* (M 1916; A 1914) CfVwi- 
dential Member) (Pres., 1939: Ist Vice-Pres., 
1938; 2nd Vice-Prea., 1937; Council, 19^28; 
1932-40) Vice-Pres., sU. S. Radiator Corp., 
1056 First National Bank Bldg., and 3261 Sher- 
bourne Rd., Detroit, Mich. 

McIntosh, Fabian C. (Af 1921; J 1917) 
(Council, 1929-31; 1933-36) Branch Mgr., • John- 
son Service Co., 1238 Brighton Rd., and 3650 
Perrysville Ave., Pittsburgh, Pa. 

McKSdC, J, Wilson (A 1938) Branch Mgr., 

• U. S. Radiator Corp., 489 N. Plankinton Ave.. 
and 6713 W. Bluemound Rd., Milwaukee, Wis. 

McREEMAN, Clyde A.* (M 1936) Assoc. Prof. 
Mech. Bngrg., • Case School of AppU^ Science, 
10900 Euclid Ave., Cleveland,' and 4036 Blue- 
stone Rdi, Cleveland Heights, Ohio. 
McKENZIE, Charles Murdock, Jr. (M 1938) 
Htg. Engr., Southern California Cas Co., 810 
S. Flower St., and *3806 Boyce Ave., Los 
Angeles, Calif. 

McKBRLIB, Jardine (M 1938) Managine Dir., 

• Industrial Training Systems, Ltd., 67 Carlton 
St., and 16 Glen Arden Rd„ Toronto, Ont,, 
Canada. 

MCKINLEY, Carroll B. (A 1942; J 1936; S 1934) 
Sr. Engr., • Kohlenbergcr Engineering Corp., 
Fullerton, and 628 S. Lemon, Anaheim, Calif, 
McKINNBY, Carl A. (A 1989; J 1937) Air Cond. 
Engr., • United Gas Cotp., 708 United Gas 
Bldg., and 1918 Park St., Houston, Tex, 
McKINNBY, WUliam J. (Af 1938; A 1934) DIst. 
Mgr., •American Blower Corp,, 714-101 Mari- 
etta St. Bldg., and 3303 Mathieson Dr. N.W,. 
Atlanta, Ga. 

MeKITRlCK, Walter D. (M 1936) Mech. Engr., 
Robert & Co., Inc.^ 61 East 42nd St., and •680 
Rlvewidc Drive, New York, N. Y. 
McKlTTRlCK, Percy A. (A 1934) Tretts.-Gen. 
Mgr.. Parks-Crumer Co., P. 0. Box 444, and 
219 Blossom St., Fitchburg, Mass, 
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McLAKEN, T. H. (A 1938) Gen. Sales Mgr.. 

• The James Morrison Brass Manufacturing Co., 
Ltd., 276 King St. W., and 2084 Girairi St. E., 
Toronto, Ont., Canada. 

McLARNEY. Harry W, (M 1933) Air Cond. Div., 

• Union Electric Co. of Missouri, 3l5 North 12th 
Blvd., St. Louis, and 807 Hawbrook Rd., Glen- 
dale, Mo. 

Ma^EAN, Dermid (M 1917) Mech. Engr., 

• Snyder & McLean, 2214 Penobscot Bldg., and 
12651 Birwood Ave., Detroit, Mich. 

McLEISH. William S. (A 1932; J 1928) aThe 
Rio-wiL Co., 1563 Union Commerce Bldg., 
Cleveland, Ohio, and 3101 Sunset Dr., Morehead 

McLl^NEG^, D. W.* (M 1933) Engr. m Charge, 
Air Cond. and Commercial Refrig. Dept., 

• General Electric Co., 5 Lawrence St., Bloom- 
field, and 73 Arlington Ave., Caldwell, N. J. 

McLOUTH, Bruce F. (M 1936; J 1934) Pres, and 
Gen. Mgr., • McLouth Air Conditioning Corp., 
2400 E. Michigan Ave., Lansing, and 135 Gun- 
son, East Lansing, Mich. 

McMahon, Thomas W. (M 1928) Dist. Mgr., 

• American Blower Corp., 1711 Railway Ex- 
change Bldg., St. Louis, Mo. 

McMullen, E. W. (M 1938) Dir. of Research, 

• The Eagle-Picher Lead Co., and 900 Richmond 
Rd., Joplin, Mo. 

McNamara, WilUam (A 1930) Mgr., eThe 
Trane Co., 850 Cromwell Ave., and 1355 Como 
Ave. W., St. Paul, Minn. 

McNAMEE, Earl W. (M 1940) Air Cond. Engr., 

• B. & J. Jacobs Co., 1729 John St., and 2627 
Ocosta Ave., Cincinnati, Ohio. 

McNEVIN, Joseph E. (M 1937) Owner, • Colo- 
rado Heating Co., 950 Cherokee St„ and 216 
East Bayaud, Apt. 4, Denver, Colo. 
McPherson, wauam a. (M 1929) Chief, 
Htg.-Vtg. Div., Dept, of School Bldgs., 26 
Norman St., Boston, and tSO Dwinnell St., 
West Roxbury, Mass. 

McOUAID, Dan J. (M 1934) Owner, •Dan J. 

McQuaid Engineering Service, 1742-46 Arapahoe 
• St., and 1565 Milwaukee St., Denver, Colo. 
McRae, M. W. (M 1939) Research Engr., • Crane 
Co., 836 S. Michigan Ave., Chicago, and 816 
Fairview Ave., Park Ridge, 111, 

MEAD, E. a. (M 1926) Sales Mgr., •Nash 
Engineering Co., South Norwalk, Conn. 

MEAD, George E. (A 1941) Owner, • George E. 
Mead Co., Seattle Construction Center, Frye 
Hotel Bldg., and 4729 36th Ave. N.E., ^ttle, 
Wash. 

MEAD, H. K. (A 1939) Htg. and Vtg. Equipment, 

• 1100 Guardian Bldg., Portland, and Jennings 
Lodge, Ore. 

MEAGHER, Arthur T. (M 1938) Dir. and Sales 
Mgr., Plbg, and Htg. Dept., Wm. Stairs, Son 
& Morrow, Ltd., 174-190 Lower Water St., and 

• 83 Seymour St., Halifax, Nova Scotia, Canada. 
MEDOW, Jules (A 1941; J 1937) Designing Engr., 

Ilg Electric Ventilating Co., 2860 N. Crawford 
Ave., Chicago, 111., and *660 S. Cloverdale 
Ave., Los Angeles, Calif. 

MEHMKEN, Herman O. (A 1941; J 1940) 
Engr., York Ice Machinery Corp,, and #400 
W. Park, Edwardsville, 111. 

MBHNE, Carl A. (M 1929) Htg.-Vtg. Expert, 
C. A. Mehne, 101 Park Ave., Room 821, New 
York, and eSS Livingston St., Valhalla, N. Y. 
MEILLER, Dairiel V. (A 1941) Gas Testing Engr., 

• Public Service Company of Northern Illinois, 
1001 S. Taylor Ave., Oak Park, and 1101 S. 
Fifth Ave., Maywood, 111. 

MEINHOLTZ, Herbert W. (M 1936) 608 Mayo 
Bldg., Tulsa, Okla. 

MEINKE, Howard G. (M 1933) Div. Engr., 

• Consolidated Edison Co. of New York, Inc., 
4 Irving Place, Room 1500, New York, and 41 
Harte St., Baldwin, L. L, N. Y. 

MELLON, James T. J, (M 1911) (Council, 1915) 
ITes., •Mellon Co., 4419 Ludlow St., and 431 
North 63rd St., Philadelphia, Pa. 


MELNICK, Nicholas A. {M 1941) Engr., G. M. 
Simonson, and ^279 Fifth Ave., San Francisco, 
Calif. 

MELONEY, Edward J. (Af 1930) Vice-Pres.- 
Secy., •Bowers Bros. Co., 2015 Skinsom St., 
Philadelphia, and 100 E. Stewart Ave,, Lans- 
downe, Pa. 

MENDEN, Peter J. (M 1935) Htg. Engr., Advance 
Heating Co., 910 Herrick Ave., and •2200 
Taylor Ave., Racine, Wis. 

MENSING, Frederick D. (M 1020) (Treas., 
1931-32), (Council, 1931-32), Consulting FCngr., 
Mensing & Co., 2845 Frankford .\ve., Phila- 
delphia, Pa. 

MEl^NS, Seymour H. (A 1939) Vice-Pres., Max 
Miller & Co., 823 N. California Ave., and • 4955 
N. Whipple St., Chicago, III. 

MBRGARDT, Albert?. (.1 1940) Pres., •Ameri- 
can Heating Engineering Co., Inc., 1005 New 
York Ave. N.W., Washington, D. C., and 31K)5 
N. Fifth St., Arlington, Va. 

MERRILL, Carle J. (M 1919) Treaa., •('. J. 
Merrill, Inc., 54 St. John St., and 15 Longfellow 
St., Portland, Me. 

MERRILL, Frank A. (M 1934) Consulting Kngr.. 

• Office of Hollis French, 210 South St., Boston, 
and 19 Auburndalc Rd., Marblehead, Mass. 

MERZ, Robert A. (S 1940) Student. Michigan 
State College, and eSlO West Grand River 
Ave., East Lansing, Mich. 

MERTZ, Walter A. (Af 1910) Secy.. •The Kehm 
Bros. Co., 51 E. Grand Ave., and 3753 N, Keeler 
Ave., Chicago, III. 

MERWIN, Gile E. (Af 1924; J 1923) Dist, Mgr., 
The Trane Co., 5012 Parker St., Omaha. Nebr. 
METCALFE, Curtis (A 1937) Engr., Uotm Htg. 
Dept., Michigan Consolidated Gas Co., and 

• 14433 Faust, Detroit, Mich. 

METZGER, A. F. (A/ 1040) Supvr. of Steam 

Utilization Div., •Allegheny County Steam 
Heating Co., 435 Sixth Ave., and 3421 Horne 
St., Pittsburgh, Pa. 

METZGER, H. J, (A 1937) Pres., Wheeler- 
Blaney Co., 137 E. Water St.. Kalamazoo, Mich. 
MEYER, Charles L. (M 1030) L, j. Wing Munu- 
facturing Co., 154 West 14th St., New York, and 

• American liV^Ifare League, 86-00 Palo Alto 
Ave., Hollis, L. I., N. Y. 

MEYER, Frank L.* (AJ 1932; J 1928) Pres., ♦ The 
Meyer Furnace Co., and 9 Cole Court, P<‘orla, III. 
MEYER, Henry C., Jr.* {Lift Mimber, Ai 1808) 
(Council, 1915-16) Pres., •Meyer, Strong 8c 
Jones, Inc., 101 Park Ave., New York, N. Y., 
and 25 Highland Ave., Montclair, N. J. 
MEYER, Karl A. (Af 1938) Design Kngr., New 
York Blower Co., 17 1 Factory St„ and alO*.) 
Woodward Ave,, I^a Porte, Ind, 

MICHIB, D. Fraser (Af 1938; A 1930) Htg. Sales 
Engr., • Crane, Ltd., 93 Lombard St., and 176 
Green Ave., Winnipeg, Man., Canada, 

MIDEKB, Joseph M. {A 1938) Viee-Pre*., 
Midekc Supply Co., 100 E, Main St„ and •2505 
Northwest 19th St,. Oklahoma City. OkUv. 
MILENER, Eugene D. (Af 1936) Secy., Indiwtrial 
and Commercial Gas Section, •Amerioin <ra« 
Association, 420 I-exington Ave., Suite 550, 
New York, N. Y, 

MILES, Clarence N. (A 1938) Foreman, Assembly 
Dept,, Kohlenberger Engineering Corp,, 806 S. 
Spadra Rd., and ♦ Route U Box 174-A. Fttller- 
ton, Calif. 

AflLLAKD, JoniM W. (M I»!») 804 Utrodate 

Ave., Alexandria, Va, 


MBLLBR, Archibald T. (Af 1938) Mgr„ tnsu- 
ktion ^ea, The Banrett Div., ABUsd Chomicttl 
& Dye Corp,, 40 Rector St.. New York, N. V.. 
and • 125 ^win Ave., Ridgewood, N, J. 
MILLER, Bruce R. (Af 1935; A 1930) Mech. 
Engr., R. Weroer. Con^ kngr., 316 W. T. 
Waggoner Bldg., Fort Worth, Tex, 

M^LER. Charles^ tA 1917) Sales, the IL B. 
Smith Co„ Ittc., 331 Masson Ave., New York. 
N. Y. 
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MILLER, Charles W. (iWf 1919; J 1908) Pres., 

• The Rado Co., 759 N. Milwaukee St.. Room 
405, Milwaukee, and R-1, Box 42, Menomonee 
Falls, Wis. 

MILLER, Edgar R. (.4 1935) Chief Engr., •Win- 
nipeg Cold Storage Co., Ltd., Salter and 'Jarvis 
Ave., and P.O. Box 1384, Winnipeg, Man., 
Canada. 

MILLER, Floyd A* (M 1911) Inspection Engr., 

• Federal Works Agency, U. S. Government, 
377 U. S, Court House, and 944 Montrose Ave., 
Chicago, 111, 

MILLER, George F. (M 1936) Sales Engr., 

• George F. Miller, 1014 K St. N.W., Washing- 
ton, D. C., and 5008 Grove St., Chevy Chase, 
Md, 

MILLER, Glen* (A 1937) Research Asst., Cali- 
fornia Institute of Technology, and •772 S. 
Ave., Pasadena, Calif. 

MILLER, Jacob (M 1936) Pres., •Hy-Grade 
Construction Co., Inc., 342 West 14th St., New 
20 East 58th St., Brooklyn, N. Y. 
MIJULER, John W. (M 1941) Engr., Motor 
Wheel Corp„ and •R. 2, Box 602, Lansing, 
Mich, 

MILLER, Leo B, (M 1920) Sales Exec., •Perfex 
Corp., 500 W, Oklahoma Ave., and 3481 N. 
Hackett Ave., Milwaukee, Wis. 

MILLER, Lorln G.* (M 1933) Head, Mech. 
Kngrg. Dept., • Michigan State College. R. E. 
01a« Hall of Engrg., and 232 University Drive, 
East Lansing, Mich. 

MILLER, Robert A.* (M 1031) Tech. 55alca Engr., 

• Pittsburgh Plate Glass Co,, ^00 Grant Bldg., 
Pittsburgh, and 1211 Carlisle St., 'Tarentum, Pa. 

MILLER, Robert T. (A 1927) Chief Engr., w^les 
Depto •Masonite Corp., Ill W. Washington 
St., Chicago, and 1412 Schilling St., ClUcago 
Heights, ni. 

MILLER, William T. (M 1938) Prof, Htg.-Vtg., 

• Purdue University, and 626 Hayes St., West 
l4ifayette, Ind. 

MILLHAM, Franklyn B. (M 1938) Installation 
Mgr., S. S. Frehi, Jr.. Inc., 1902 Chestnut St., 
and #532 Ellet St., Philadelphia, 

MILLIGAN, Donald C. (A 1941) Draftsman. 
Vtg. Dept., G. G. Sharp, 30 Church St., and 

• 155 East 39th vSt., New York, N. Y. 
MILLIKEN, J, IL* (M 1923) Repr., •American 

Air Filter Co,. Inc., 228 N. LaSalle St., Chicago, 
and 1021 Ridge Court, Evanston, 111. 

MILLIS* Linn W. (£.*/« Mimberz M 1918) Secy., 
Security Manufacturing Co., 1630 Oakland Ave., 
and #3534 Wabash Ave., tineas City, Mo. 
MILLS, D, M. (A 1940) Mgr., Houston Div., 
F. J. Evans Enginc^ng Co., 3223 Milam St., 
and 711 W. Alabama, Houaton, Tex. 

MILLS, Hartaell C. (A 1935) Sales Engr., 
Minneapolis Gas L^ht Co., Eighth and Mar- 
quette, and #4137 Tenth Ave. S., Minneapolis, 
Minn. 

MILNE, A. H. (K 1938) Dir., Dept, of Bldgs., 

• Protestant Board of School Commissioners, 
City of Montreal, 8460 McTavisli St., and 4786 
Grosvenor Ave., Montreal, Que., Canada. 

MILWARD, Robert K. (A 1920) Branch Mgr., 

• U. S, Radiator Corp., 127 Campbell Ave., and 
2441 Calvert Ave., Detroit, Mich. 

MINER, H. Harvey (A 1940) Partner. ♦ Miner 
Supply tV>., 129 W. Front St,, Red Bank, and 
71 sSlverton Ave., Little Silver, N. J. 
MINSXER, William A. 1940) Asst. Sales 
Mgr., Young Radiator Co., and eOlO W. Lawn 
Ave«, Racine, Wis. 

MIRABILE, J. James (A 1938) Engr., •Thomas 
Shipley, Inc., 101 Roosevelt Ave., and 1525 
Third Ave., York, Pa. 

MITCHELL, Alva E, (M 1939) Mech. Engr.- 
Htg., Ofllce of Price Administration, U. S. 
OovemmenL Fourth and D St. N.W., Wash- 
h^fconj^D. C., and #6601 Sligo Pkwy., Hyatts- 

MITCHELL, A. J, (M 1938; J 1930) Vice-Pres.. 
Air Conditioning Co., 3215 McKinney Ave., 


Houston, Tex. 


MITCHELL, John A. (A 1940; J 1938) Owner. 

• Air Conditioning & Refrigeration Systems, 202 
Waterloo Bldg., and Sherwood Park, Waterloo, 
Iowa. 

MITCHELL, John G. (J 1937; 5 1936) Sales 
Engr., •Fairbanks Morse & Co., 417 S. Fourth 
St., and 704 Delaware S.E., Minneapolis, Minn. 

MITTENDORFF, E. M. (M 1932) Engr., Sarco 
Co., Inc., Merchandise Mart, Chicago, and 

• 956 Greenwood Ave., Winnetka, 111. 

MODIANO, Rene (Af 1926) Managing Dir., 

Carrier Continentale, 4 Rue d’Aguesseau, Paris 
(8s), and #65 Blvd. Beaus* jour, Paris C16s), 
France. 

MOESEL, F. Albert (A 1939) Asst. Mgr., • W. A, 
Case & Son Manufacturing Co., 31 Main St., 
Buffalo, and 382 Argonne Drive, Kenmore, N.Y. 

MOFFAT, Ormond George fM 1940; A 1937) 
Application Engr., Canadian Westinghouse Co., 
Ltd., Sanford Ave., and #141 George St., 
Hamilton, Ont., Canada. 

MOHN, H. Leroy (M 1937) Chief Engr., Milton 
Manufacturing Co., and #706 Hepburn St., 
Milton, Pa. 

MOHRFELD, Herbert H. (7 1936) Engr. and 
Vice-Pres., • C. P. Mohrfeld, Inc.. 24 Lees Ave., 
CoUingswood, and 070 Station Ave., Haddon- 
field, N. J. 

MOHSIN, Shawki (7 1940) Air Cond. Engr., 
Egyptian Government, and •Carrier Corp., 
C.f.D., Syracuse, N. Y. 

MOLFINO, PhUip (M 1938) Mech. Engr., 

• Leland & Haley, 58 Sutter St., and 125 Clayton 
St., San Francisco, Cahf. 

MOLLANDER, Eric D. (A 1940) Dir., Register 
& Grille Manufacturing Co., Inc., 70 Berry St., 
Brooklyn, and wisei Unionport Rd., Park- 
chester, New York, N. Y. 

MOLLENBERG, Harold J. (M 1936) Wce-Pres,, 
Mollenberg^Betz Machinery Co., 22 Henry St., 
Buffalo, and • 172 Westgate Rd., Kenmore, N.Y. 

MOLONEY, Rojter R. (M 1937) 26 Bonner Ave., 
Manly, Sydney, Australia. 

MONICK, Fred R. (A 1936) Mgr., •American 
Radiator & Standard Sanitary Coip., and 1114 S. 
Sixth Ave., Sioux Falls, S. D. 

MONTGOMERY, Edward G. (A 1938) Special 
Repr., Steel Co. of Canada, Ltd., 625 Dominion 
St., Montreal, and *20 Finchley Rd., Hamp- 
stead, Que., Canada. 

MONTGOMERY, John R. (A 1937) Max., 
Standards and Research, •Truscon Steel Co,, 
Albert St,, and 296 Granada Ave., Youngstown, 
Ohio. 

MOODY, Lawrence E. (Af 1919) • Moody k 
Hutchison, 1701 Architects Bldg., Philadelphia, 
Pa., and 237 Jefferson Ave,, Haddondeld, N. J. 

MOON, L. Walter (M 1916) (Council, 1033-301 
Vice-rres., St. Louis Industrial Truck Co., 7700 
E. Railroad Ave., and ellSTA Hornsby Ave., 
St. Louis, Mo. 

MOORE, Bryant W. (A 1930) Mfrs. Agent, 36 
S.W. Third St., and •7910 Southeast 30th Ave., 
Portland, Ore. 

MOORE, Frank C. (A 1938) Canadian Mgr., 
Aerofin Corp., 67 Yonge Sl, and #44 Lola Rd., 
Toronto, Ont., Canada. 

MOORE, H. Carlton* (M 1985) Engr.-Design, 
Shreve I^mb & Harmon. Fay, Spofford & 
Thorndyko, IX Beacon St., Boston, and •HS 
Beaumont Ave., NewtonvlUe, Mass. 

MOORE, IL Lee {M 1919) (Council, 1927-28) 
Repr., •Buffalo Forge Co., 431 Fulton Bldg., 
and Flaccus Rd„ Ben Avon, Pittsburgh, Pa. 

MOORE, Henry W. (M X935) Mgr.. Air Cond. 
Engrg. DepL, The Bimel Co., 305 Walnut St., 
ana • 1400 Myrtle Ave*. Cincinnati, Ohio, 


MOORE, Herbert S« (A 1923) Dist. Repr., Iron 
Fireman Manufacturing Co. of Canada, Ltd., 
602 King St., and • 107 CIcndenan Ave., Toron- 
to, Ont., Canada, 

MOORE, MacDonell (A 1040) Pres, -Gen. Mgr., 
• The Moore Fuel Corp.. 23 Rose St., and 14 
Fairview Ave., Danbury, Conn. 
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MOORE* R. E. (A 1928) Vice-Pres. in Charge of 
Sales, • Bell & Gossett Co., 8200 N. Austin Ave , 
Morton Grove, and 425 Merrill Ave,, Park 
Ridge, 111. 

MOORE, Wesley Robert (M 1937) Branch Mgr., 

• Minneapolis-Honeywell Regulator Co., 4501 
Prospect Ave., Cleveland, and 14211 Ashwood 
Rd., Shaker Heights, Ohio. 

MORAWEGK, Alvin H., Jr. (J 1941) Secy.- 
Sales Engr., Abbott Engineering Co., 49 Liberty 
St., Newark, and eSTO Central Ave., Orange, 

MOidsHOUSE, H, Preston (M 1933) Gen. Htg. 
and Air Cond. Repr., Public Service Electnc 
& Gas Co., 80 Park Place, Newark, N. J. 
MOREHOUSE, J. Stanley (M 1938) Dean of 
Engrg., sVillanova College, Villanova, and 102 
Llandoff Rd., Upper Darby, Pa. 

MORGAN, Arthur S. (M 1938) Mgr., Peas Oil 
Burners of Canada, Ltd., 85 King St. W., and 

• 156 Glenmanow Drive, Toronto, Ont., Canada. 
MORGAN, Glenn C, (M 1911) Vice-Pres. and 

Secy,, • Morgan-Gerrish Co., 307 Essex Bldg., 
and 4308 Fremont Ave. S., Minneapolis, Minn. 
MORGAN, Robert G. (M 1916) Pres., • Stewart 
A. Jellett Co.. 1200 Locust St., and 314 W. 
Seymour St., Philadelphia, Pa. 

MORGAN, Robert W. (M 1938) En«., Fedders 
Manufacturing Co., 67 Tonawanda St., Buffalo, 
and *71 Highland Dr., WilliamsviUe, N. Y. 
MORIARTY, John M. (M 1937) Owner, •Con- 
solidated Heating & Ventilating Co., 1709 W. 
Eighth St., Los Angeles, and 1616 Baldwin Ave., 
Arcadia, Calif. 

MORIN, A. R. (A 1938) Mff., Refrigeration Dept., 
Macklanburg Brass & Copper Products, Inc., 
Ill Northwest 23rd, and •2115 Sherman, 
Oklahoma City, Okla. 

MORjRJS, C. l^ymondl (M 1921) Pres., Power & 
Heating Equipment Sales, Inc., 14 Burnett Place, 
Nutley, N. J. i 

MORRIS, John A. (A 1939; / 1936) Htg. Dept., 
James Robertson Co., Ltd., 946 William St, and 

• 4134 Marlowe Ave., Montreal, Que., Canada. 
MORRISON, Chester B. (Af 1931) Managing 

Dir., sYork Shipley, Ltd., North Circular Rd., 
Hendon, London, and 40 Berkeley Sq., London, 
W. 1, England. 

MORRISON, Walter B. (A 1942; J 1939) Engr., ' 
Htg. Dept, Meier & Frank Co., and •1805 
Northeast 27th, Portland, Ore. 

MORRISON, Wayne L. (A 1988) Owner, oW. L. 
Morrison Co., 1908 Broadway St., and P.O. Box 
697, Great Bend, Kan. 

MORRO, Jo)^ J. (M 1940) Engr., Paragon Oil 
Co., 76 Bridgewater St., Brooldyn, and 
East 29th St., New York, N. Y. 

MORROW, J. DeWltt (A 1938) Secy.-Treas. and 
M^., • The Warren Co., Inc., 614 walker Ave., 
^UBranch St., Houston, Tex. 

T, (M 1913) Pres,, •American 
Blower Corp., 6000 Russell St., and 16222 Shafts- 
^,bury Rd., Detroit, Mich. 

MORSE, Floyd W. (A 1934) Vice-Pres., Cham- 
berhn Metal Weather Strip Co., 16 Oak St., and 
132 Villa St., Mt Vernon. N.'Y. 

MORSE, Louis S., Jr, (M 1038; J 1936) Mar., 

• Spee-D Chemical Service, 416 Bralnard St., 
Detroit, and I-one Pine Rd., Bloomfield Hills, 
Mich. 

**°?!E* 1936) Mfrs. Repr., 

• «q 4 White Bldg., and 4316 East 43id St., 
Seattle, Wash. 

MORTON, Clmles H. (A 1931) Local Repr., 

• y & Co.. 228 Ottawa Ave- N.W., 

and 1106 Sherman St. S.E., Grand Rapids, Mich. 

MORTON, Harold S*(M 1931) Maj., Ordnance 
Dept., U. S. Army, Office of the Chief of Ord- 
nance, Washington, D. C., and •624 Ritchie 
Ave., Silver Spnng, Md. 

MORTON, Pmil S. (J 1989) Htg..Plbg. Sales & 
Engrg., 609 Bangor Rd., Lawrence. Mi^. 
MOSES, Widtw B., Jr. (J 1940; S 1936) Engr., 
Leo S. Weil & Walter B. Moses, 425 S. Peters 
St., and eSfiSO Spruce St., New Orleans, La. 


MOSHER, Clarence H. (A 1919) Owner, C. H. 

Mosher Co., 423 Ashland Ave., Buffalo, N. V. 
MOTZ, O. Wayne (M 1932) Consulting Engr., 

• 234 Paramount Bldg., and 2605 Briarcliff, 
Cincinnati, Ohio. 

MOULD, Delmar E. (M 1930) Mgr., •!. W, 
Mould & Son, Ltd., 10642~102nd Ave., and 
8619-108 A St., Edmonton, Alta., Canada. 
MOULD, Harry W., Jr. (J 1941) Student Engr., 
Buffalo Forge Co., Buffalo, and •251 Parkwood 
Ave., Kenmore, N, Y. 

MUCKLE, James (M 1939) Dept. Chief, • Ander- 
sen, Meyer & Co., Ltd., 21 Yuen Ming Yuen Rd.. 
Box 265, and 11 Park Rd., Apt. 8, Shanghai, 
China. 

MUELLER, Harald C. (M 1936; A 1930) Mgr., 

• Powers Regulator Co., 2720 Green view Ave., 
Chicago, and 1277 Forest Glen Dr, N„ Winnetka, 
111 . 

MUELLER, Harold P. (M 1936) Pres.-Treas., 

• L. J. Mueller Furnace Co., 2006 W. Oklahoma 
Ave., and 511 E. Monrovia Ave., Milwaukee, Wis. 

MUELLER, John E. (M 1937} M$;r. of Commer- 
cial Sales, aWest Penn Power Co., 14 Wood St., 
Pittsburgh, and 670 Crystal Drive, Mt, Lebanon, 

MUENZENMAYER, WUlatd R. (A 1941) Owner- 
Mgr., Muenzenmayer Sheet Metal Co., Junction 
City, Kan. 

MUESSIG, James W. <M 1038) Sales Engr., 

• Clarage Fan Co., 333 N, Michigan Ave., 
ChicaTO, and 406 Lodge Lane, Lombard, 111. 

MUIRHEID, John G. (A 1910; J 1037) Nash- 
Kelvinator Corp., and •1621 Oueens Rd., 
Charlotte, N. C. 

MULCEY, Paul A.*'* (A 1930; / 1938) Asst. Dir., 
Anthracite Industries Laboratory, Primos, Del. 
Co., and aSOO Springfield Rd., Aldan, Del. 

Pa. 

MULLEN, Thomas J., Jr. (A 1942; J lOS.'i) 
Industrial Mgr., • B. F. Sturtevant Co., Westtrrn 
Div., lnc^602 Wrigley Bldg., Chicago, 111. 
MUMFORD, Albert R. (M 194(5) s5r. Rc^arch 
Assoc., Consolidated Kdwon Co. of New York. 
4 Irving Place, New York, N. Y., and ♦107 
Palisade Ave., Bogota, N. J. 

MUMFORD, Wllfiam W. (J 1040; S 1930) 
Machinist, Oil Well Improvement Co., and 

• 1920 N, Dekware Plswe, Tulsa, Okla. 

MUNIBR» L. (M 1010: J 1916) Pre«., 

• Wolff & Munier, Inc., 25l2 I^t 41st St., New 
^^Vork, and 63 Columbia Ave., Hortsdalc, N. Y. 
MUNKELT, Frederick H. CM 1938) Vice-Pres., 

• W, B. Connor EagineorinK Corp., lU East 
^nd St., New York, and 317 Hast 17th St., 
Brooklyn, N. Y. 

MUNN, E. Fit* (M 1035) •lUl McArthur 
Bldg., Winnipeg, and 66 Berrydale Ave, K., St. 
Vital, Man., Canada, 

MIBEIDOCH. John P. (M 1937) Pres., ejohn P. 
Murdoch (Jo., S.W. Cor. ^th and Oakford 5>u., 
Phlladgphk, and 735 Beechwood Drive, Beech- 
wood P& 

CCiyg and^ Mcch.), Mulrhead Ik Murhard Co., 
338 S.W. Nbth Ave., and e^iSd N.W. Upshur 
St., Portland, Ore. 

MURNIN, Edward A„ Jr. (A 1938) Swpt, of 
Devdopmtot and Assembly, Sarco 6Iunttfactur- 
Itasfca Sts,, and *802 


• Kogers PlumWn« « Hjmtlng Co., 2127 Eighth 
Tuscaloosa, Ala. 

MURPHY, Itol^ a CA 1940) Bates ReptM 
Co„ 2X4 Old Colony Btdg.i and 
^f®g0 Grond Ave.. Des Moines. Iowa. 

MUWOT, DeJ^w 1 . CM mi) Bhlvi Kngr.. 
E. C. Cooley Co.. 626 Market St.. San FrandsocK 

T.* (M i9l5> Vltw-Pnii,. 
^C^er Corp.. and X055 James SL. Syracuse. 

MU^i^, a* (M X0»3> Vlee.pr»*s.. 

Co,, 216 Central Ave.. 
and 496 Lightfoot Rd,. Uml$vlth, Ky. 
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MURPHYy Joseph R, (Af 1934; A 1925) Vice- 
Pres., Taco Heaters, Inc., 342 Madison Ave., 
New York, N. Y„ and • Terrace Ave., River- 
side, Conn. 

MURPHY^ William W. (M 1930) Treaa., • W. W. 
Murphy Co., 424 Worthington St., and 25 
Mansfield St., Springheld, Maas. 

MURRAY, H. C. S. (A 1941; / 1930) Sales Engr., 
• Canadian Comstock Co., Ltd., Room 2206, 
80 King St. W., and 19 Elora Rd., Toronto, 
Cnt., Canada. 


MURRAY, Thomas F. (M 1923) State Archt., 
• 14 wS. I.ake Ave., Albany, N. Y. 

MURSINNA, Oilbcrt P. (A 1939) Htg.-Air Cond. 
Contractor, •Gilbert P. Mursinna, 411 Poplar 
St., and 3067 Boudinot Ave., Cincinnati, O. 
MUSGRAVE, Merrill N, (A 1935) Pres., Harrison 
i^iles Co., Inc., 2019 Third Ave., and • 1005 E. 
Roy vSt., Apt. 13, Seattle, Wash. 

MVER, Haydn (A 1920) Pres., •Haydn Mycr 
<'o., Inc., 2224 Comer Bldg,, and 1411 Avon 
(Mrcle, Birmingham, Ala. 

MYERS, Oeorjie W. F. (Af 1930; A 1928; J 1923) 
Myers Engineering Equipment Co., 3736 W. 
Pine Blvd., St. Louis, and • 470 Pasadena Ave., 
Webster Groves, Mo. 

MYLER, William M., (M 1937) Chief Engr., 
. •Janitrol Kngrg. Dept., Surface Combustion 
Corp„ 400 Dublin Ave., and 1340 Glenn Ave., 
Columbus. Oliio. 


MYTINGBR, Kenneth L. (M 1930) Sales Repr., 
Cooper & Cooper, Inc., Pittsfield, Maas., and 
• 714 Madison Ave., Albany, N. Y. 


N 


NACHMAN, George P. (Af 1938) Treas., eXhe 
Spohn Heating & Ventilating Co., 1776 E^st 
45tli St., and 2870 Mcadowbrook Blvd., Cieve- 
lai^, Ohio. 

NAMAN, Israel A. (J 1940) Mech. Engr., Planning 
Div., Ventilation Group, Puget Sound Navy 
Yard, and • 1307-Uth St., Bremerton, Wash. 
NAROWETZ, Louis L., Jr. (Af 1929; A 1912) 
Secy.-CJcn, Mgr,, •Narowetz Heating & Venti- 
lating Co., 1711 Maypole Ave., Chicago, and 
112 S. Northwest Highway, Park Ridge, 111. 
NASS, Arthur F. (M 1027) Pres., •McGinnesa 
Smith Sc McOinness Co., 527 First Ave., and 
29 Elmhurst Rd.. (Wabash Station), Pitts- 
burgh, 1^. 

NEAL. Jemet P. (A 1039) Capt., Ord. Dept., 

• Walter Reed General Hospital, Washington, 
D. C., and 3^ Xie^th Place, Cincinnati, Ohio. 

NEARINGBURC, Arthur (A 1938) Sales Engr.. 

• Sheldons, Ltd., 1221 Bay St, and 130 Floyd 
Ave,, Toronto, Ont., Canada. 

NEB. Raymond M. (A<“ 1936) Steam Service Engr., 

• Boston Edison Co., 39 Boylston St., Boston, 
and 10 Orkney Rd., Brookline, Mass. 

NEILBR, Samuel O. {Lift Member*, M 1898} 
Owner, ♦Neiler Rich & Co., Cons. Mech. & 
Elec. Bngrs., 431 S. Dearborn St., Chicago, and 
737 N, Oak Park Ave., Oak Park, 111. 

NELSON, Alex A. (A 1942) Chief Engr., • Federal 
Reserve Bank Bldg., North Kansas City, R.F.D. 
4. and Northcrest Addition, Clay Co., Mo. 
NELSON, 0. L. (A 1937; J 1929) Chief Air c:ond. 
Engr., .Sears & Plott, 814 S. Vandeventer St.. 
St. I^uis, and • 10X5 Nolan Drive, Glendale, St 
Louis Co., Mo. 

NELSON, V, W.* (M 1928) Assoc. Prof. Mech. 
Kngrg., •College of Knjdneering, University of 
Wisconsin, Mech. Engrg.lBldg.. and 3906 Council 
Crest, Madison, Wit. 

NEl^N, OeorSe 0, (M 1923) Engr., Curstens 
Bros., Ackley, Iowa. 

NELSON^ HmroW M. (AT 1987) Pres., • H. M. 
Nelson St Co., Inc., 1223 Connecticut Ave., 
Washington, D. C., and Falls Church, Va. 
NELSON, Herman W. (jJff Member; M 1909) 
Pres, and Gen. Mgr., •The Herman Nelson 
Corn., 1824 Third Ave., and 2615 121)1 St., 
Moline, 111. 


NELSON, Laurence K. (M 1940) Assoc. Engr., 

• James M. Todd, Consulting Engr., 624 
Gravier St., and 2502 Palmer Ave., New Orleans, 
La. 

NELSON. Richard H. (A 1933; J 1928) Secy.- 
Treas.. The Herman Nelson Corp., 1824 Third 
Ave., and • 1303 30th St., Moline, III. 
NELSON, Roy O. (Af 1938) Sales Engr., mC. H. 
Bevington Co., 600 S. Michigan Ave., and 5927 
N. Rockwell St., Chicago, 111. 

NESBITT, Albert J.* (M 1921) Secy.-Treas., 

• John J. Nesbitt, Inc., State Rd. and Rhawn 
St., Philadelphia, and Babylon and Davis Grove 
Rds., Hatboro, Pa. 

NESMITH, Oliver E, (A 1928) Engr., Williams 
Oil-O-Matic Heating Corp., Bell and Hanna, and 

• 107 Warner, Bloomington, 111. 

NESS, William H. C. (M 1931) Gen. Mgr., 

• Master Fan Corp., 1323-35 Channing St., and 


215 N. Kingsley Dr., Los Angeles, Calif. 
NESSELL, C. W. (M 1937) Supvr., Federal Pro- 
jects Div., • MinncapoUs-Honeywell Regulator 
Co., 2763 Fourth Ave. S., Minneapolis, Minn. 
NESSI, Andre (AT 1930) In^. des Arts et Mfrs., 
Expert pres le Tribunal Civil de la Seine, 1 
Avenue du President Wilson, Paris, XVI, France. 
NEST, Richard E. (M 1936) Consultant, 5018 
Morello Rd., Baltimore, Md. 

NEUBAUER, Edwin W. (M 1939) Engr., •Cam- 
bell Norquist & Co., 1127 S. w. Morrison St., 
and 4804 N. E. Davis St., Portland, Ore. 
NEWBY. Ira P. (M 1941) Charge of Htg. Sales., 

• American Radiator Sc Standard Sanitary 
Corp., 1512 Santa Fe Bldg., and 6325 Bryan 
Parkway, Dallas, Tex. 

NEWMAN, Harold E, (M 1938) Asst. Mgr,, 

• B. A. Newman Co., 320 North H St., and 410 
BuckiMham Way, Fresno, Calif. 

NEWPORT, Charles F.* {Life Member; M 1906) 
Sales Engr., Weil-McLain Co., Michigan City, 
Ind., and • 10001 Longwood Dr., Chicago, 111. 
NEWTON, Alwin B,* (Af 1938) Mgr. Refrigera- 
tion Controls Div., • Minneapolis-Honey well 
Regulator Co., 2747 Fourth Ave. S., and 18 W, 
Rustic Lodge Ave., Minneapolis, Minn. 
NICHOLLS, John M. (M 1939) •Robbins 
Gamwell Corp., 68 West St., and 136 Bartlett 
Ave., Pittsfield, Mass. 

NICHOLLS, Percy* {Life Member; M 1920) Su- 
pervising Engr., Fuels Section, • u. S. Bureau of 
Mines, 4800 Forbes St., and 5251 Forbes St«, 
Pittsburgh, Pa. 

NICHOLSON, Sterling J. (A 1941)PrC8., Nichol- 
son. Inc., Box 317, Durliam, N. C. 

NICKLE, Arthur J. (A 1936) Sales Engr., 

• Darling Brothers, lAd., 140 Prince St., and 
4356 March Ave., Montreal, Que., Canada. 

NICOLL, Scott F.* {M 1939) Air Cond, AppUca- 
tion Engr^ •York Ice Madhincry Con)., York, 
and 1433 First Ave., Elmwood, York, fti. 
NICOLS, J. A. {M 1941) Dial. Mgr., • B. F, 
Sturtevant Co., 1217 McKnight Bldg., and 3915 
S. Tyrol Trail, Tyrol Hills, Minneapolis, Minn, 
NIELSEN, Howard B, (A 1939) Mfra. Repr., 

• 409 Couch Bldg., Portland, and Jennings 

NIE^E, Joseph H. {M 1938) Branch Mgr., Ilg 
Electric Ventilating Co., 836 Architects & 
BuUdere Bldg., and *5837 Winthrop Ave,, 
Indianapolis, Ind. 

NIGHTINGALE, George F. (A 1931) Western 
Sales Mgr., •Tuttle 8c Bailey, Inc., 01 W. 
Kinsie St., Chicago, and 2136 W. lAnncman 
St., Glenview, HI, 

NINfNOBR, cinUtlstt H. (A 1038) Salin BnRr.. 

• Frigidalre Div., funeral Motors Sales Corp,, 
29 Franklin Rd., and Route 1, Box 198, Roanoke, 
Va. 

NOBBS, Walter W. <Af 1919) Consulting Engr., 
26 Victoria St., London S,W. 1, and *50 Falr- 
haael Gardens, London N.W, 6, England. 
NOBIS, H. M. {M 1914) Owner, #1301)11 Heater 
Co., 1935 Union Commerce Bldg., Cleveland, 
and 1827 Stanwood Rd., East Cleveland, Ohio. 
NOBLE, James P. (A 1937) 1960 Beverly Rd., 
Columbus, Ohio. 
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NOBLE, Milner (.M 1940; A 1929: J 1924) Gen. 
Mgr., Aerofin Corp., 410 S. Geddes, Syracuse, 
N. Y. 

NOLAN, James J., Jr. {M 1939) Sr. Mech. Engr., 
War Dept., Office of Quartermaster General, 
and • 4024 Calvert St., N.W., Washington, D. C. 

NOLL, William F. {M 1924) Prop., eWm. F. 
Noll, 629 North 27th St., and 4823 W. Townsend 
St., Milwaukee, WJs. 

NOORD, Donald F. {J 1941; S 1935) Mech. 
Engr., Giffels & Vallet, Arcade Bldg., St. Louis, 
and • 1361 McCutcheon, Richmond Heights, Mo. 

NORAIR, Henry (M 1938) Pres., • Norair Engi- 
neering Corp., 1114--22nd St. N. W., and 6908 
32nd St. N.W., Washington, D. C. 

NORBY, Karl H. (A 1938) Mgr. Htg. Dept., 

• Tacoma Plumbing Supply Co., 315 South 23rd 
St., Tacoma, and Box 113, Parkland, Wash. 

NORDINE, L. F. (M 1914) Office Mgr., The Trane 
Co., 2701 Ontario Rd. N.W., Washington. D. C., 
and • 812 Silver Springs Ave., Silver Spring, Md. 

NORFOLK, Leslie W. (A 1941; J 1939^ Consult- 
ing Engr., 42 Hampden St., Nottingham, Eng- 
land. 

NORMAN, Roy A. (M 1937) Prof, of Mech. 
Engrg., Iowa State College, Mech Engrg. Dept., 
and • 715 Ridgewood Ave., Ames, Iowa. 

NORRINGTON, Walter L. (J 1938) 1st Lt. 
Ordnance Dept., Office of Chief of Ordnance, 
Washington, D. C., and • 305 Barbara Fritchie, 
Beverly Plaza, Alexandria, Va. 

NORRIS, William P. (7 1938) Sales Engr., 
Natkin & Co., 3920 Lindell Blvd., and • 410 
N. Newstead Ave,, St. Louis, Mo. 

NORTH, William R. (A 1940) Sales Engr., *27 
S. Gay St., and 1521 Kingsway Rd., Baltimore, 
Md. 

NORTON, John A. (M 1940) Mgr. Htg. Sales 
Div., Crane, Ltd., 306 Front St. W., Tortonto, 
and • 71 Donegall Dr., Leaside, Ont., Canada. 

NORTON, L. Ivan (A 1941) Engr., eEvoready 
Plumbing & Heating Co., 211 S. Iowa Ave., and 
110 E. Polk St., Washington, Iowa. 

NOTTBERG, Gustav (A 1933) Vice-Pres., • U. S. 
Engineering Co., 914 Campbell St., and 1835 
East 68th Terrace, Kansas City, Mo. 

NOTTBERG, Henry J. (M 1919) Pres., • U. S. 
Engineering Co.. 914 Campbell St., and 160 
West 54th St,, Kansas City, Mo. 

NOTTBERG, Henry, Jr. (J 1937) Secy., eU. S. 
Engineering Co., 914 Campbell St., and 150 
West 54th St., Kansas City, Mo. 

NOVOTNEY, Thomas A. (M 1928) S. K. Well- 
man Co., 1381 East 49th St., and •University 
Club, Cleveland, Ohio. 

NOWITZKY, Herman S. (A 1931) Supt. Con- 
struction Corps,, Wilmer & Vincent, 1776 Broad- 
way, New York, N. Y., and •821 Llewellyn 
Ave., Norfolk, Va. 

NOYES, lUchard R. (J 1938) Sales Engr., 

• Canadian Sirocco Co,, Ltd., 630 Dorchester 
St. W., and 2010 Mansfield, Apt. 12, Montreal, 
Que., Canada. 

NUSBAUM, Lee* (M 1916) Owner, •Pennsyl- 
vania Engineering Co., 1119-21 N. Howard St., 
Philadelphia, and 315 Carpenter Lane, German- 
town, Philadelphia, Pa. 

NUSBAUM, S. Richard (J 1940) Mgr., •Penn- 
^Ivania Engineering Co., 1119 N. Howard St., 
Philadelphia, and 562 Montgomery Ave., Haver- 
ford, Pa. 

NUTTING, Arthur* (M 1940) Chief Engr., 
•American Air Filter Co., 215 Central Ave., and 
504: Wallace Ave., Louisville, Ky. 

NYE, L. Bert, Jr. (7 1935) Laboratory Supvr,, 
Washington Gas Light Co„ 411 Tenth St., 
^Washington, D. C., and • McLean, Va. 

NYOUIST, John D. (J 1942; S 1941) Jr. Mech. 
Engr., Collins Radio Co., 35th St., and •116- 
25th St. Drive S.E., Cedar D^pids, Iowa. 


DAKLEY, LeRoy W. (M 1937) Owner. sL. W, 
Oakley Sales Co., 408 W. Clinch Ave., and 2003 
Laurel Ave., Knoxville, Tenn. 


OAKS Orion O. (M 1017) Consulting Mech, 
Engr., 511 Fifth Ave., New York, N. Y„ and 

• 119 Oakridge Ave., Summit, N. J, _ 
O’BANNON, Lester S.* (A/ 1928) ResCiirch Engr., 

• Agricultural Experiment Station, University 
of Kentucky, and 123 State St., Lexington, Ky. 

OBERG, H. C. (A 1933) Mgr. Engrg. Dept., 
Crane Co., Fifth and Broadway, and • 1362 W. 
Minnehaha St., St. Paul, Minn. 

OBERLIN, James A. (J 1942; 5 1040) Engr., 

• Allied Products Corp., Plant 3, and 211 Union 
St., Hillsdale, Mich. 

OBERSCHULTE, Richard H. (J 1938) Sales 
Engr., mD. T. Randall & Co., 404 Blvd. Bldg,, 
Detroit, and Box 76, Franklin, Mich. 
O’DOWER, Hugh J. (A 1938) Sales Engr., 
Vilter Manufacturing Co., 400 No. 114 W. Tenth 
St., Kansas City, Mo. 

ODUM, Ralph A. (A 1930) Chief Heating In- 
spector, Southern Engineering & Architectural 
Co., Panama City, and •218 Broadway, Daytona 
Beach, Fla. 

OELGOETZ, J. F. (Af 1038) Owner, •!. F, 
Oelgoetz Co., 3365 N. High wSt., and 279 K. North 
Broadway, Columbus, Ohio. 

OERTEL, Fritz H. E. (A/ 1939) Consulting Engr., 
R. E. D. 2, Greensboro, N. C. 

OESTERLE, A. L. (Af 1940) Engr., •Gtilf Engi- 
neering Co., Inc., 916 S. Peters St., and 3420 
Live Oak PI., New Orleans, La. 

OFFBN, Ben (Af 1928) • B. Offen & C'o.. 008 S. 
Dearborn St., and 3740 Lake Sl«»rc Dr., C.hicago, 
III. 

OFFNER, Alfred J. *(A/ 1922), (TreiiBur«‘r. lOH.")- 
38: Council, 1936-41), Consulting Engr., • 139 
]^st 63rd St., New York, and 160-16 Uth Ave,, 
Becchhurat, L. L, N. Y. 

O’FLAIIERTY, J. G. (Af 1937) t hief Kngn, 

• Unifin Tube Co., 1109 York St., and 
Central Ave., London, Ont., C'unada. 

O'GORMAN, J. Sm Jr. (.4 1934) Branch Mgr., 

• Johnson ^rvice Co., 230 K, Alexandrine Ave., 
Detroit, and 147 Abbey Kd., Birmingham, Mich. 

OLD, WUUam H. (A/ 1037) Asst. Mgr., •Clan* 
8 e Killian, 1761 Forest Ave. W.. l>(‘trr»it, and 
18246 Devonshire Rd., R. F. D. No. 4, Birming- 
ham, Mich. 

OLDES, Willard E. A. E. (A 1939; J 193(1) 
660 West 204th St., New York, N. Y. . 
OLSEN, <3arlton F. (A 1926; J 1920) Knar, and 
Sales, Kewanee Boiler Corn., 1868 S, Wtutern 
Ave., and •1000 West 100th St., Chicugo, ill. 
OLSEN, Guatav E. (A^ 4930) Sales Mgr., Fit/.- 
gibbons Boiler Co., Inc., 101 I*ark Avc„ New 
York, and • 68-09 Beach Channel Dr., Arvernc, 
L. L, N. y. 

OLSON, Barney (A 1929) • Barney Olson, Inc,, 
122 S. Michigan Ave., and 6724 N. Natomu Ave., 
Chicago, 111. 

OLSON, Gilbert E. (AI 1930) Soutlmrn Mgr., 

• H. K. Ferguson Co„ 1605 Commerce Bldg,, 
and 8369 Park Place Blvd., Houston, Tex. 

OLSON, Milton J. (A 1041; J 1937) Vice-Pres., 
OJson Bros., 2661-65 St. Mary’s Avts, and • 5627 
Williams Omaha, Nebr. 

OLSON, Robert G. (Af 1923) Kastern Mgr,, 

• Hydraulic Coupling Div., AmeHcun Blr>wer 
Corp., 60 West 40th St., and 22 East 3«lh St,, 
New York, N. Y, 

OLVANY, WiUiam J. 1912) Prw., VVm, J. 

Olvany, Inc., 100 Cturles St., New Ytirk. N, Y. 
O'NEILL. James W. (Af 1929; A 1927} J 1926) 
Chief Engr,, Trane Co. of ('Tanudu, Ltd., 4 
Mowat Ave., and *65 Hlgltview (Jrweent, 
Toronto, Ont., Canada. 

OONK, W. J. CM 1937) Dist. Mgr,, H. h\ Sturte- 
vant (Jo., 916 Olive and #4548 Red Bud 
Ave., St. Louis, Mo, 

OOSTEN, Louis S. (J 1938) Kngr., BHI St (UmHt 
Co., 8200 Austin Ave., Morton Grovn and 

• 1827 Berwyn Ave., Chicago, lU. 

O'REAR, L. R, m 1934) Pres., aMidwext 
^ Heating Co.. 2450 Blake St„ and 
826 S. Josephine St,, Denver, Colo, 
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ORGELMAN, Georfte H. (J 1942; S 1940) Con- 
struction Engr., Turner Construction Co., Now- 
berry St., Boston, Mass., and #10 Pearl St., 
Danbury, Conn. 

ORMISTON, John B. (A 1940) Owner, •Ormi- 
ston Plumbing & Heating Co., 105 Manning 
Ave., and 1 Gramatan Drive, Yonkers, N. Y. 
O’ROURKE, Hugh D., Jr. (7 1937; S 1936) Asst. 
Mgr., Unit Heater Dept., McCord Radiator & 
Manufacturing Co., 2587 E. Grand Blvd„ and 

• 14635 Strathmoor Ave., Detroit, Mich. 

ORR, George M. (M 1936) Pres., eG, M, Orr & 

Co., 642 Baker Arcade Bldg., and 1100 West 
63rd'‘St., Minneapolis. Minn. 

OSBORN, Wallace J. (A 1927) Vice-Pres., . 
Keeney Publishing Co., 1734 Grand Central 
Terminal Bldg., New York, N. Y., and • 1029 
Old Post Rd,, Eairfield, Conn. 

OSBORNE, G. H. (Af 1922) Managing Dir., The 
Ventilating & Blow Pipe Co., Ltd., 714 St. 
Maurice St., and eSSO Pratt Ave., Outremont, 
Montreal, Oue., Canada. 

OSBORNE, Stanley R- (M 1939) Promotion 
Engr., • Chase Brass & Copper Co., Grand St., 
Watcrbury, and 116 Grove St., Naugatuck, 
Conn. 

O’SHEA, John J. (A 1941) Sales Repr., Buffalo 
Forge Co., 305 Teckwood Dr. N.E„ and #714 
Greenview Ave. N.E., Atlanta, Ga. 

OSTER, WUHam P. {M 1940) Vice-Prca., •Equi- 
table Equipment Co., Inc., 410 Camp St., and 
4651 Bacclch St., New Orleans, La- 
OSTROM, Eric W. 1937) Chief Engr.. Air 
Cond, Dept., A/B Svcnska Flaktfabriken Kungs- 
gatan 16. and ejohn Ericssonsgatan 18. 
Stockholm, Sweden. 

OTT, Oran W. (M 1926), (Council, 1034-36) 
Consulting Mecn. Engr., •000 Washington 
Bldg., Los Angeles, and 1462 Wavcrly Rd., San 
Marino, Calif. 

OTTO, Robert W. (Jkf 1912) Mech. Engr., Toltz 
King & Day, Inc., 1609 Pioneer Bldg., and 

• 2147 Carroll Ave.. St. Paul, Minn. 
OURUSOFP, U* 1931) Mgr. of Utilization, 

Washington Gaa Light Co.. 411 Tenth St. N.W., 
Washington, D. C. 

OUWENEBL, WUHam A. (Af 1937) Chief Engr., 

• Standard Distributing Corp., 406 E. Wells 

Milwaukee, and 801 Marshall Ave., South 
Milwaukee, Wis. 

OVERTON. Sidney H, (M 1929) Repr., Ideal 
B<^er 8c Radiators, Ltd. & American Radiator 8c 
Stan^rd Sanitary Corp., P. 0. Box 6985, 
Johannesburg, South Africa. _ _ 


OWEN, Charles E, (U 1941) Consulting Engr., 
Mfrs. Agent, eOwen Engineering Service, and 
1218 S. Thompson. Carbondale, 111, 

OWEN, Je« Davis (Af 1937) Head Operating 
Engr., U, S. Army, and • P. 0. Box 837, March 
l^ieTd, Calif. 

OWXn6s, Horace L. (A 1940) Refrig. and Air 
Cond. Engr., •Houston Natural Gas Corp., 
P. O. Box 1188, and 3101 Arbor, Houston, Tex. 


PABST, Charles S. (M 193^ Pres., Pabst Air 
Conditioning Corp., 210-22X Eagle St., Brooklyn, 
and •8727-98th St*, Woodhaven, L. L, N. Y. 

PACKTOR, Bernard M. (A I94y Chief Engr. and 
Putxih. Agent, Air Distributors, Inc., 207 M^ow 
St,, and e 196 Ellsworth Ave., New Haven, Conn. 

VAZH, Owrw A. y 1942! S mw Enpg. 
Draftsman, Link Belt Co., and oaSOS College 
Av^ Indianapolis. Ind. 

PAETZ, Herbert B. (M 1922) Div. Sales Mgr., 


PAETZ, Herbert E. (M 1922) Div. Sales Mgr^ 
« Ammcan Blower Com,, 632 Fisher Bldg., and 
1415 Parker, JMrolt, Mich. 

PACE, Arvin (M 1936) Chief Engr.. eThe 
Bahnson Co., Salem Station, and 628 Roslyn 


Bahnson Co., ^lem S^tion, and 628 Roslyn 
Rd*. Winston-Salem, N. C. 

Pi^i, Hsirry W. (M 1923) Pres., Chicago Blower 
COj* Bamboo, and • I-ake Delton. Wte. 

PACE, Vernon C, (A 1936) Mgr., Air Cond, Div., 
• Fltzgibbons Boiler Co., Inc., 101 Park Ave., 
New York, and The Scarswold, Scarsdale, N. Y, 


PAINE, H. Allan (7 1940) Engr. in charge of 
Construction, Healy Plumbing 8c Heating Co., 
St. Paul, and • 602 N. Ninth St., Brainerd, Minn. 
PALUMBO, Bernard F. (7 1941) Htg.-Vtg. Engr., 
N. A. Sperry, 61 Bradley St., and •60 Foster 
Sq., Bridgeport, Conn. 

PAOUET. Jean-M. (A 1940 ; 7 1936) Engr., 

• J. A. Y. Bouchard, Inc., 97 Abraham Hill, 
and 9 A. M. Roy Ave,, Quebec, P. Q., Canada. 

PARENT, Harold M. (M 1938) Partner, •Parent 
& Kirkbride, N. W. Cor. Fourth and Locust St., 
Philadelphia, Pa., and 324 Pitman Ave., Pitman, 
N.J. 

PARK, Harold E. (A 1938; 7 1936) Sales Engr., 

• Shaw-Perkins Manufacturing Co., 1645 Oliver 
Bldg., Pittsburgh, and 110 Braun St., Etna, Pa. 

PARK, J. Frank CM 1937; A 1936; 7 1930) Secy.. 

• Western Air « Refrigeration, Inc., 1234 S. 
Grand Ave., and 2100 Kenilworth Ave., Los 
Angeles, Calif. 

PARK, Nicholas W. (M 1936) Htg, Engr,, Phila- 
delphia Saving Fund Society (Real Estate Dept.), 
32 South 12th St,, Philadelphia, and •OOO 
Jericho Rd., Abington, Pa. 

PARKER, Dudley F. (Af 1930) Nash Engineering 
Co., 420 Lexington Ave., New York, N. Y. 
PARKER. Richard A. (A 1938) Pres., •Paricer 
Building Specialties, Inc., 991 Bryant St., and 
1490 Francisco St., San Francisco, Calif. 
PARKINSON, John S."** (A 1940) Lt., U. S, 
Naval Reserve, David Taylor Model Basin, 
Navy Dept., Washington, D. C., and •SOOT 
Oneida Lane, Bethesda, Md. 

PARKS, Charles E. (M 1937) Dist. Mgr., Ilg 
Electric Ventilating Co., 810 W. Fifth St., Room 
910, Los Angeles, Calif. 

PARKS, Vernon H., Jr. (A 1941) Htg. Engr., 
Meyer Furnace Co., 1061 St. Louis Ave., and 

• 6837 Agnes Ave., Kansas City, Mo. 
PARRILLI, Roberto (M 1938) European Tech- 
nical Repr., Nash-Kelvinator Corp., Via Colon- 
netta 2, Milan, Italy, 

PARROTT, Lyle G. (Af 1922) Consulting Engr., 

• Snyder & McLean, 2308 Penobscot Bldg., and 
3788 Gladstone, Detroit, Mich. 

PARSONS, Leonard D., Jr, (7 1937: 5 1936) 
Ist Lt., Quartermaster Corps, Office or Quarter- 
master General, Room 6146 New Municipal 
Center, and •126-35th St. S.E., Apt. 303, 
Washington, D. C. 

PARSONS, Rojter A. (A 1942; 7 1933) Hta. Engr., 

• Board of Water & Electric Light Commis- 
sioners, 114-16 W. Ottawa St„ and 2009 Clifton 
St., Lansing, Mich. 

PARTLAN, Robert L. (7 1940) Partner, Secy.- 
Treas., • Sheet Metal Works, 1426$ Goddard 
Ave., and 20432 Yacama Ave., Detroit, Mich. 
PARVIS, Ralph S, (Af 1938) Mgr., Diamond Ice 
&; Coal Co., 827 Market St., and •2128 Biddle 
St., Wilmington, Del. 

PASTOR, John C. (if 1938) Mfrs. Repr. and 
Designer, 1091 Talbot Ave., Jacksonville, Fla. 
PATERSON. Frederick C., Jr. (Af 1936; 7 1928) 
Pres., F. C. Paterson 8c Co., Inc,, and eTO Stone 
Ave,, Bradford, Pa. 

PATORNO, Sullivan A. S. (Af 1923) Consulting 
Engr., elOl Park Ave., and 312 East 163rd St., 
New York, N. Y, 

PATTERSON. CmnviUe P, (Af 1939) Sales 
Engr., eW. B. Haiwerty, Inc., P. O. Box 2071, 
and Hotel Mlrasol, Tampa, Fla, 

PAUL, Donald 1. (Af 1936: 7 1932) Chief Engr., 

• Gurney Foundry Co., Ltd., 4 Junction Rd,, 
and 264 Lawrence Ave. E., Toronto, Ont., 
Canada. 

PAULEY. Robert D. (7 1940) Development 
Engr., • Wood Conversion Co., and 316 Avenue 
D, Cloquet, Minn. 

PAVEY, Ohatlea A. (Af 1937) Dlst. Mgr., • B. F. 
Sturtevont Co., 812 Mi^gan Bldg., and 18727 
Bretton Dr,, Detroit, Mich, 

PAWKETT, Lawrence S. (A 1938) Owner, 

• L. S. Pawkett 8c Co., 810 Insurance Bldg., and 
902 W. Magnolia, San Antonio, Tex. 
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PEACOCK, Glenn S. (H 1939) Htg. Engr., 
University of Pittsburgh, Oakland P. O.. and 

• 111 Elmont St., Grafton P. O., Pittsburgh, Pa. 
PEACOCK, Herbert (Af 1930) Washington Mgr., 

• Carrier Corp., 942 Investment Bldg., and 
5073 Lowell St. N.W., Washington, D. C. 

PEART, AUen M. (A 1937) Dist. Mgr., •Minnc- 
apolis-Honeywell Regulator Co., 637 Craig W., 
Room 8J2, and 4635 Melrose, Montreal, Que., 
Canada. 

PECK, Henry E. (A 1938) Asst. Branch Mgr., 
Delco Appliance Div., General Motors Sales 
Corp., 8^ N. Michigan Ave., Chicago, 111. 
PEEBLES, John K., Jr. (A 1925: J 1924) Partner. 
Baskervill & Son, Archts., Central National 
Bank Bldg., and • 1708 Park Ave., Richmond, 
Va. 

PEISER, Maurice B. (J 1937) Sales Engr., • Nat- 
kin & Co., 3920 Lindell Blvd., and Park Manor 
Hotel, 5560 Pershing, St. Louis, Mo. 
PELLEGRINI, Louis C. (M 1939) Vice-Pres., 
'Mario Coil Co., 6135 Manchester Ave., and 

• 6549 Murdoch St., St. Louis, Mo. 

PELLER, Leonard (A 1942; J 1934) Industrial 

Engr., United Engineers & Constructors, Inc., 
1401 Arch St., and • 6810 Lawnton Ave., Phila- 

PELLMOUNTER, Thomas (A 1936) Mfrs. 
Agent, 903 McGee St., and •3308 Euclid Ave., 
Kansas City, Mo. 

PELLMOUNTER, Thomas V. (J 1938) Sales 
Engr., •Cooling Coil Dept., Trane Co., and 401 
South 14th St., La Crosse, Wis. 

PENNEY, Gaylord W. (M 1938) Mgr., Electro- 
Physics Dept., Research Lab., • Westinghouse 
Electric & Manufacturing Co., East Pittsburgh, 
and 171 Orchard Rd., Wilkinsburg, Pa. 
PENNOCK, WiUiam B. (M 1927) Pennock 
Engineering, 53 Queen St., and ^243 McLeod 
St., Ottawa, Ont., Canada. 

PERKINS, Robert C. (M 1941; .4 1936) Branch 
OfiSce Mgr., • Ilg Electric Ventilating Co., 1021 
Texas Bank Bldg., and 2803 Burlington, Dallas, 
Tex. 

PERRAS, George E. (M 1936) Mgr., Htg. Div., 

• Thomas Robertson & Co., Ltd., 262 Craig 
St. W., and 6915 Christophe Colomb St., Mon- 
treal, Que., Canada. 

PERSSON, N. Bert (M 1937) Consulting Engr., 
Food Service Eqmpment Engineering, 1418 
Simpson Ave., and • 1418 Simpson Ave., 


Simpson Ave., and • 1418 Simpson Ave., 
St. Paul, Minn. 

PESTERFIELD, G. H. (M 1988; J 1936; 5 1932) 
Asst. Prof, of Mech. Engrg., •Michigan State 
College, Dept, of Mech. Engrg., and 142 Gunson 
St., il^t Lansing, Mich. 

PETERSEN, Bruce W. (A 1942; J 1940) Supt., 
Twin City Furnace Co., 13 S. Third St., and 

• 4211 Russell N., Minneapolis, Minn. 
PETERSEN, Christian P. (A 1937) Owner, 

• Petersen Sheet Metal Works, 4120 Cedar 
Ave., and 4000 Cedar Ave., Minneapolis, Minn. 

PETERSEN, Robert H. (7 1942: S 1941) Engr., 
Allis-Chalmers Manufacturing Co., and •2251 
N. Lake Dr., Milwaukee, Wis. 

PETERSON, B. G. (A 1941) Sales Engr., 6236 
Florence Blvd., Omaha, Nebr. 

PETERSON, Carl M, F,* (M 1986) Asst. Prof. 
Mech. Engrg., Asst. Supt. of Bldgs, and Power, 

• Massachusetts Institute of Technology, 77 
Massachusetts Ave.. Cambridge, and 40 Fletcher 
Rd., Woburn, Mass. 

PETERSON, Glamnce L. (M 1938) Branch Mgr., 
Minneapohs-Honeywell Regulator Co., 1136 
Howarcf St., San Francisco, and ^2 Indian 
Rock Path, Berkeley, Calif. 

PETERSON, DuWayne J. (M 1940) Dlst. Mgr., 

• Mxnneapolis-Honeywell Regulator Co., 45 
Allen, and 8 Tillinghast, Buff^, N. Y. 

PETERSON, Hans P. (J 1939) Air Cond. Engr., 

• Bush Manufacturing Co., 100 Wellington St., 
and 224 S. Whitney St., Hartford, Conn. 

PETERSON, J. Raymond (A 1941: J 1940) 
Draftsman, Gausman and Moore. E1026 Hrst 
National Bank Bldg., and •719 £. Ne\^da 
Ave., St, Paul, Minn. 


PETERSON, Neil H. (M 1937) Mfrs. Agent, 

• 1129 Folsom St., and 2744 Green St., San 
Francisco, Calif. 

PETERSON, Sterling D. (A 1930) Northwest 
Mgr., • Johnson Service Co., 514 Colman Bldg., 
and 5051 Prince St., Seattle, Wash. 

PETERSON, Walter E. (M 1941) Design Engr., 
Sanderson & Porter, Joliet, and •,‘>246 N. 
Kimball Ave., Chicago, III. 

PETIGROW, Ben N. (M 1939) Engr. Distributor 
for Carrier, •P. O. Box 872, Tel Aviv, Palestine. 
PETTIT, Ernest N., Jr. (M 1937) Air Cond. 
Engr., United Gas Corp., United Gas Bldg., and 

• 3018 Plumb, Houston, Tex. 

PETTY, Charles E. (A 1939) Sales Engr., •U. S. 
Radiator Corp., P. 0. Box 1301, and 2120 
Providence Rd., Charlotte, N, C. 

PEXTON, Frank S. (A 1936) Industrial Engr., 

• Kansas City Gas Co., 824 Grand, and 304 
East 70th Terrace, Kansas City, Mo. 

PFEIFFER, David C. (M 1940) Power Sal<‘S 
Engr., • Dallas Power & Light Co., 1606 Com- 
merce St., and 3516 St. Johns Dr., Dallas, Tex. 
PFEIFFER, Frank F. (M 1938) Engr., Industrial 
Div., United Engineers & Constructors, Inc., 
1401 Arch St., and *7421 Sommers Rd., Phila- 
delphia, Pa. 

PFRIEM, Peter G. (A 1937) Sales Kngr.* The 
Knapp Supply Co„ Ohio and Dudley Sts., 
Muncxe, Ind., and •2536 Burnet Ave., Cincin- 
nati, Ohio. 

PFUHLER, John L. (A 1026; J 1923) Plumbing 
and Heating Contractor, 600 Manor Rd., Staten 
Island, N. Y. 

PHILIP, WMliam (M 1937) Sales Kngr., SUndard 
Sanitary & Dominion Radiator, Ltd., Cor. 
Royce and Lansdowne Aves.. and *74 Bustedti 
Ave., Toronto, Ont., Canada. 

PHILIPPI, Joseph J. (M 1930) vSiiles Kngr., 

• Johnson Service Co., 1366 Washington Blvd., 
and 7807 S. Winchester St., Chiaigo, 111. 

PHILLIPS, Frederic W. (M 1921) Htg.-Vtg. 
Engr., Queens Borough Gas & Filt^ric C'o.. 1610 
Far Rockaway Blvd., Far Rockaway, L. i., and 

• 825 East 38th St., Brooklyn, N. Y, 

PHILLIPS, Rsdph B. (M 1936) Consulting Mech. 

and Elec. Engr., •Ralph K. hiilUps, (163 Archi- 
tects Bldg., Los Angeles, Calif. 

PHILLIPS, Robert H. (A 1941: / 1938) Kngr.. 

• Carrier Corp., 1600 S. Santa Fe Ave., and 3215 
Rowena Ave., Los Angeles, Calif. 

PHILLIPS, Walter L. (A 1938) Mgr., Air Cond. 
Dept., •Grifi5th Consumers Co., 1413 New 
York Ave. N.W., Wasliington, D. C., und Hox 
233, Fhlls Church, Va. 

PHIPPS. Frederick G. (A/ 1930) Vic<».I»re«., 
Preston-Phipps, Inc., 637 Craig St. W., and 
• • 5431 Eamscliffe Ave., Montreal, Que., Canada. 

PICOT, John W. (A 1937) Dir. in ('imrge Air 
Cond., John Taylor 8c Sons (Aust.) Pty.. Ltd.. 
262 (George St-, Sydney, Ni>,W„ and •)» 
Marine Parade, Watsons Kay, N.S.W., Australia. 
PILLBN, A. (A 1083) Owner, •Harry A. 
Pillen Co.. 626 Broadway, and 2124 Crane Av«*., 
Cincinnau, Ohio. 

PINES, Sidney CM 1920) Owner, ♦Pineti.Natkln 
Co., 2413 N. rearl St., and 3541 Bryn Mawr 
Dr., Dallas, Tex, 

PISTLBR, Wttlard C. (M 1934) Consulting 
Bngr,, 61 Leverone Bldg., 4 W. Seventh St., and 

• CJrchard Lane and Crestview .Ave., Cindnnati, 
Ohio. 

PITCHER, tMter J. <M 1929; A imi J 1924) 
Blectrimatic Corp., 2100 Indiami Ave.. and 

• 1224 Bast 69th St., Chicago, ID. 

PLACE, ayd« R, (M 1924) CoMulUnr Kngr., 
•420 Lexington Ave., and 333 Kast ik., 
New York, N, Y, 

PLATE, Jdhn f. (A 1940) Sales Kngr., • J, M. 

L. A. Osborn Co„ 1641 SsL, Cleveland, 

and 1789 Holyoke Ave., i^st CTevmnd# O^o. 
PLAYFAIR, G. A, (A 1924) M«r„ Johnson 
Temperature Regulating Co. of Canada, lAd., 
U3 Slmcoe St., Toronto, and a Weft Hid, 
Ontario, Canada. 
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PLEUTHNER, Richard L. (J 1938) Asst. Project 
Engr., Maintenance Dept., E. I. Du Pont de 
Nemours & Co„ Alabama Ordnance Worl^, 
Childersburg, Ala., and • 393 Starin Ave., 
Buffalo, N. Y. 

PLEWES, Stanley E. (M 1917) Branch Mgr.. 

• Johnson Service Co., 2853 North 12th St., and 
341 E. Hortter St., Philadelphia, Pa. 

PLOSKEY, Edward J. (J 1940) Design Engr., 
Redwood Manufacturers Co., 1600 Hobart Bldg., 
and •2307-'32nd Ave., San Francisco, Calif, 
PLUM, Leroy H. (M 1935; A 1934) • Warren 
Webster & Co., 17th and Federal Sta., Camden, 
and Home Acres Farm, Medford, N. J. 
PODOLSKE, Arthur R. (A 1938) Prop. • Arthur 
R. Podolske Sheet Metal Works, 824 E. Center 
St,, and 820 E. Center St., Milwaukee, Wis. 
POEHNER, Robert E. (M 1928) Owner, • Htg. 
Contractor, 849 Massachusetts Ave., and 2308 
Coyner Ave., Indianapolis, Ind. 

POOALIES, Louis H. (K 1931) Mech. Engr., 
Wilbur Watson & Associates, 4614 Prospect 
Ave,, and *4102 Archwood Ave., Cleveland, 
Ohio. 

POHLE, Kenneth F. (A 1930) Vice-Pres., W. F. 
Hlrschman Co., Inc., 259 East 134th St., New 
York, N. Y. 

POLLAK« Rudolf (M 1987) Chief Engr., • Rocke- 
feller Center, Inc,, 50 Rockefeller Plaza, New 
York, and Larchmont, N. Y. 

POLLARD, Alfred L. (A 193^ Gen. Supt., 

• Puget Sound Power & Light Co., 860 Stuart 
Bldg., and 3009-28th Ave. W„ Seattle, Wash. 

POLLOCK, Carl A. (A 1937) Vice-Pres. and Gen. 
Mgr., • Dominion Electrohome Industries, 
Ltd,, 39 Edward St., and 120 Sterling Ave., 
Kitchener. Ont„ Canada. 

POND, WiUiam H. 1938) 820 W. Front St., 
Plainfield, N. J, 

PONDER, Everett (A 1939) Owner, Everett A. 
Ponder Co., 3118 Northeast 70th St.. Portland, 
Ore. 

POPE, S. Austin (M 1917) Pres., •William A. 
Pope Co., 26 N. Jefferson St., Chicago, and 831 
Ashland Ave.* River Forest, III. 

PORTER, Carl W. (A 1940: J 1936) Engr., 

• Richards & Porter, 42 W. Concord Ave., and 
915 Bradshaw Terrace, Orlando, F]a. 

PORTER, Kniaht C. (M 1940) Supvr. Air Cond. 
Div., •Commonwealth Edison Co., 72 W. 
Adams St., Chicago, and 144 Linden Ave., 
Glencoe, 111. 

PORTER, Noel Z* CJ 1988) Elec. Engr., Todd- 
Califomia Shipbuilding Corp., Richmond, and 

• 2339 Hil^, Berkeley, Calif. 

POSEY, James (M 1919) Consulting Engr., *10 
K. Pleasant St., and 4005 Liberty Heights Ave., 
Baltimore, Md. 

POST, Nicholas CJ 1941) Mech. Engr., War 
Dept. Army Air Corps., Wright Field, Dayton, 
Ohio, and • 616 Post PL, l^st St. L^uis, 111. 
POTTER, John R. (A 1039; J 1938) Design Engr,. 
Lockwood-Ckeeu, EngniM 10 Rockefeller Plasa, 
New *459^. Beech St., Long Beach, 

POUGHBR/ Barnard R. E. (J 1940) Sgt., 110 
(EL) A. T. Coy. R. E,, and • 99 Mauldeth Rd. 
W„ Withinaton, Manchester, Lancs, England. 


POUND* Inward W. 1941) Mgr. Electro- 
Matk Sales,, •American Air Filter Co., 2U 


POWERS, F. W. (Life Member; M 1911) (Council, 
1918-19) Pres., aThe Powers Regulator Co.. 
2720 Greenview Ave., and 900 Castlewood Ter- 
race, Chicago, 111. 

POWERS, Lowell G. (A 1937: J 1930) Branch 
Mgr., • Carrier Corp., 795 Union Commerce 
Bldg., Cleveland, and 2730 Cranlyn Rd., Shaker 
Heights, Ohio. 

POWERS, Robert W. (S 1941) Student. • Carnegie 
Institute of Technology, 1930 Wightman St., 
Pittsburgh, Pa., and 411 W, Main St., Bennetts- 
ville, S. C. 

PRATT, Foster J. (M 1937) Sr. Naval Archt., 
Puget Sound Navy Yard, Bremerton, and 

• Annapolis Terrace, Port Orchard, Wash. 
PRAWL, F^nkE. (M 3940; J 1936) Lt., Ordnance 

Dept., •Southwestern Proving Ground, Hope, 
Ark., and Prawl Engineering Co., Scottsbluff, 
Nebr. 

PREBENSEN, Harold J. (M 1938) Vice-Pres., 

• Air Comfort Corp., 1307 S. Michigan, Chicago, 
and Meadow Lark Rd., Northfield, 111. 

PRENTICE, Oliver J. (A 1927) Dir. of Publicity 
and Public Relations, • C. A. Dunham Co., 450 
E. Ohio St., and 850 Lake Shore Dr., Chicago, lU. 
PREWITT, H. B. (A 1939) Asst. Branch Mgr., 

• American Blower Corp., 783 Broad St., 
Suburban Sta. Bldg., and 615 £. Allen Lane, 
Philade^hia, Pa. 

PRICE, Charles E. (A 1983) Treas,, • Keeney 
Publishing Co., 6 N. Michigan Ave., Chicago, 
and 800 Vernon Ave., Glencoe, 111. 

PRICE, Charles F. (J 1937) Purch. Agent, The 
Knapp Supply Co., Ohio Ave. and Dudley St., 
and elOlS w. Washington St., Muncie, tnd. 
PRICE, D, O. (M 1934) Htg.-Air Cond. Engr., 
General Steel wares, Ltd., 199 River St., and 

• 131 St. Germain Ave., Toronto, Ont., Canada. 
PRICE, Ernest H. CM 1039; A 1937; J 1934; *8 

1982) Lt., Ist Corps Field Park Coy, Royal 
Canadian Engineers, and • 170 Harbison Ave., 
Winnipeg. Man., Canada. S 
PRIESTBR, Gayle B.* (7 1935; S 1934) Instnictor- 
Mech. Engrg., • Case School of Applied Science, 
Cleveland, and 2865 Derbyshire Rd., Cleveland 
Heights, C>hio. 

PRINCE, Raymond F. (J 1936) Htg. and Sales 
Engr., R. B. Duxming & Co., 54 Broad St., and 

• Burleigh Hill, R. F. D. 1, Bangor, Maine. 


1401 Arch Bt„ Philadelphia, and 458 S. Fourth 

C. 1939) Fartaer, •£. C. 
Powers 3: Son, 240 Cherry St., Philadelphia. Pa„ 
and 22 E. Stllee Ave., ColUngswood, N. J. 

POWERS, Ediar C. (A 1984; J 1931) tvt. (jg) 
U, S. N. R, (active duty Philadelphia Navy 
Yan^, Partner, K. C. Powers & Son, 240 Cherry 
St, Philadelphia, Pa., and ♦23 MadUon Ave., 
Krlton, N, J. 


apolia, Minn. 

PROIE, John (M 1936) Mgr» •Prole BrosM 856 
W. North Ave., and 101 Dilworth St., iPitts- 

PR^1biL,^Paul L. (A 1932) Partner, • Hucker- 
Pryibil Co., 1700 Walnut St., and 328 E. Phil- 
Ellena St., Pldladelphia, Pa. 

PRYKE, John K. M. (A 1937) Captain, Royal 
Army Ordnance Corp., (British Army) and • 140 
East 81st St., New York, N. Y. 

PUGH, Daniel C. (7 1942; 5 1939) Engrg. Drafts- 
man, • Carbide & Carbon Chemicals Corp., Re- 
search and Development Dept,, South Charleston, 
and 215 Brooks St., Charleston, W. Va. 

PULLUM, Clarence E. CM 1940) Vice-Pres,, 
• Bell & Gossett Co^ 8200 Austin Ave., Morton 
Grove, and 1011 N. Grove Ave., Oak Park, III. 

PULLEN, Royal R. (M 1935) Chief Mech, Engr., 
Homestake Mining Co., and elOO E. Hill St., 
Lead, S. D. 

PURCELL, Frederick C, CM 1926) Sales Engr., 
Minneapolis-Honeywell Regulator Co., 415 
Brainard St., atul • 18680 Santa Rosa Dr., 
Detroit, Mith. 

PURINTON, Dexter J. (A 1923) lOl Park Avn,, 
and • 157 East 39th St. New York, N. Y. 


OUACKENBUSH, Seelye M. CM 1040) Partner. 
• Otiackenbush Co., 597 Miclilgan Ave., and 
251 Parkside Ave., Buffalo, N. Y. 

OUALL. Clarence O. (A 1037) Owner, Quail 
Plumbing Heating Co., 65 Ninth St, anti 
Pearl St„ CUntonvUle, WIs. 
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QUEER, E. R * W 1933) Lt., E-V (S), U. S. N. R., 
U. S. Navy, Code No. 638, Bureau of Ships, 
Navy Dept., Washiugton, D. C., and *5707 
26th St. North, Arlington, Va. 

QUICK, Blair A. (A 1938) Sales Mgr.. Indepen- 
dent Register Co., 3747 East 93rd St., and 
• Fenway Hall, Cleveland, Ohio. 

QUIRK, Clinton H. (Jkf 1916; J 1916) Sales Engr.. 
and 465 Front St., Hempstead, L. I., N. Y. 


RABE, Albert E. {M 1938) Dir., • Carrier Engi- 
neenng, S.A., Lt^, P. 0. Box 7821, and 152 
Mowbray Rd., Greenside Extension, Johannes- 
burc. South Africa. 

RABER, Benedict Frederick* (M 1937) Prof. 
Mech. Engrg., •University of California, Room 
114 Engrg. Bldg., and 1124 Arch St., Berkeley, 
Calif. 

RAGHAL, John M. (A 1936; J 1930) Mgr., Air 
Cond. Dept., •Volkart Brothers, 8 Clive St., 
and 1 Bishop Lefroy Rd., Calcutta, India. 
RAINE, J. J. (M 1912) Vice-Pres., • G. S. Blodgett 
Co., 190 Bank St., Burlington, and Essex Junc- 
tion, Vt. 

RAINGER, Wallace F. (A 1930; J 1924) Jaros, 
Baum & Bolles, 415 Lexington Ave., New York, 
and eddl Hawthorne Ave., Yonkers, N. V. 
RAINSON, Samuel J. (J 1940) Air Cond. Tech- 
nician, Htg.-Cooling Installation and Service, 
Quum Engineering Corp., 50 Watt St., and • 646 
East 231at St., New York, N. Y. 

RAISLER, Robert K. (M 1941; A 1933; J 1930) 
Treas., eRaisler Corp., 129 Amsterdam Ave., 
and 38 East 85th St., New York, N. Y. 
RAMONEDA, Enrique (J 1941) Engr., Ing. 
Enrique Ramoneda, Valladolid No. 25, Mexico, 

D. F., Mexico. 

RAMSEUR, Vardry D.. Jr. (7 1940) Htg. Engr., 
Ramaeur Roofing Co., Inc., 363 W. McBee Ave., 
and m50 Woodvale Ave., Greenville, S. C. 
RAND, Fred R. (M 1938) Htg. Engr. and Sales 
Mgr., Enamel & Heating Products, Ltd., and 

• Squire St., Sackville, N. B., Canada. 
RANDALL, Robert D. (A 1930) eD. T. Randall 

& Co., 7310 Woodward Ave,, 404 Blvd. Bldg., 
and 340 E. Grand Blvd., Apt. 211, Detroit, 
Mich.' 

RANDALL, W. Clifton* (M 1928) Chief Engr., 

• Detroit Steel Products Co., 2250 E. Grand 
Blvd., Detroit, and 770 Shirley Dr., Birmingham, 
Mich. 

RANDOLPH, Charles H. (M 1930; A 1928; 
J 1926) Air Cond, Engr., Wisconsin Electric 
Power Co., 231 W. Michigan St., and elCH 

E. Royall PL, Milwaukee, Wis, 

RANDOLPH, Harold F, 1940) Vice-Pres.. 

• International Heater Co., 101 Park Ave., and 
12 Woodlawn Ave. E., Utica, N. Y. 

RATHER, Max F. (M 1919) Eastern Dist. Mgr., 

• Johnson Service Co., 28 East 29th St., New 
York, N.Y. and 90 Orchard Dr^ Greenwich, Conn. 

RAVEN, A. H. (M 1938) Htg. Engr., Wigman Co., 
313 Perry St., and •2119 George St., Sioux 
City, Iowa. 

RAY, George B. (J 1939) Engr., Wise Furnace 
Co., Akron, and •1520 Front St., Cuyahoga 
Falls, Ohio, 

ray, Lewis B. (M 1932) Pres., • Ray Engineering 
Co., Inc., 830 Broad St., Newark, and 151 
Augusta St., Irvington, N. J, 

RAYMER, WlUiam F., Jr, (A 1936; J 1934) 
Sales Engr., • American Blower Corp., 249 
High St., Newark, and 18 Bradley Terrace, 
West Orange, N. J. 

RAYMOND, Fred I.* (A 1929) Owner, eF. I. 
Raymond Co., 629 W. Washington Blvd., 
Chicago, 111., 

RAYNIS, Theodore (A 1939; J 1934) Naval 
^cht., U. S. Navy, New York Navy Yard, 
Br<^klyn, and • 68 Hilltop Dr., Manhasset, L. I., 

Joseph T, (A 1938) Partner, sKerr 
M^hinery Co.. 608 Kerr Bldg., and 8162 E. 
Jefferson Ave., Detroit, Mich. 


REARDON, J. F. (A 1941) Contract Sales, 
Powers Regulator Co., 2341 Carnegie, Cleve- 
land, and • 26981 Mallard Ave., Euclid, Ohio. 
RECK, William E. (M 1927) Civil Engr., eThe 
Reck Heating Co., Ltd., Esromgade 15, Copen- 
hagen, and Sundvej 16, Hellerup. Denmark. 
REDRUP, Will D. (M 1936) Pres., • The Majestic 
Co., and 310 Randolph St., Huntington, Ind. 
REDSTONE, A. L. (M 1931) Research Engr., 
Proctor & Schwartz, Seventh and Tabor Rd., 
and • 1636 E. Duval, Philadelphia, Pa. 

REED, Frederick J. (M 1939) Asst, Prof. Mech. 
Engrg., • Duke University, 263 College Station, 
and 2203 Englewood Ave,, Durham, N. C. 
REED, Van A., Jr. (M 1930) Mech. Engr., 

• Federal Engineering Co., 239 Fourth Ave., 
Pittsburgh, and 114 Water St., Elizabeth, Pa. 

REED, Virgil C. (Af 1938) Owner, •James H, 
Pinkerton Co., 640 Natoma St., and 1234 
Second Ave., San Francisco, Calif. 

REED, William H., lU (A 1938) Sales Mgr., • Air 
Cond. Equipment, Dravo Corp., 302 Penn Ave., 
and 7468 Penyield PL. Pittsburgh, Pa. 

REESE, Henry L. (M 1923) Consulting Engr., 

• Reese & Co., 940 ^ruce St., Reading, and 
R. D. 4, Coudersport, Pa. 

REGER, Henry P. (M 1934) Pres., •U. P. Reger 
& Co., 1601 East 72nd PL, and 0930 Bennett 
Ave., Chicago, 111. 

REICH, Julius G. (A 1941) Chief Engr.. Sides 
Engr., eThe Holland Furnace Co., 12700 Su- 
perior Ave., and 10703 Lee Ave,, Cleveland, Ohio. 
REID, Henry P. (M 1931; A 1927) Opersiting 
Engr., Universal Atlas Cement t*o., 135 East 
42nd St., Chrysler Bldg.. New York, N. V. 
REID, Herbert F. (A 1932) Partner, Htg. Dept., 
Reid-Graff Co., 1417 Pe<‘k St., Mtuskegon 
Heights, Mich. 

REIF, Allarf F. (M 1937) Pres., •Relf-Rexoil, 
Inc., 37-43 Carroll St., Buffalo, and 10 Livingston 
Pkwy., Snyder, N. Y. 

REIF, Charles A. (A/ 1937) Vice-Pr<*s.. • Relf- 
Rexoil, Inc., 37 Carroll St., Buffali>, and 77 
Ruskin Rd., Eggcrtsville, N, V. 
REIFSCHNEIDER, Jake (A 1938) ('hief Engr., 

• Eppley Hotels Co., 1802 Dotige St., and 4409 


Pqpbleton, Omaha, Nebr. 

REILLY, Bertram B. (7 1938) Engr., ♦ Dravo 
Corp., 300 Penn Ave., Pittsburgh, and 230 
Ridge Ave., Ben Avon, Pa. 


REILLY, PhlUp Harry, Jr. (A 1941) ProducUtm 
Mgr., •Heating E<iuipment Co.. 1123 Harrison 
St., San Franci^o, and 132(1 Columbus Ave„ 
Burlix^mc, Calif. 

REINKET Alfred G. (A 19-10; 7 2933) S<»cy., Cfus 
Reinke Machinery & T<hj1 Co.i 03 Dlckerrion St., 
Newark, and eSzl Park PI., Irvington, N, J. 

REINKE, Louis F. (A 1937) Owner. •Reinke 
Sheet Metal Works, 534-38 S. Fifth St., anti 1535 
W. Walker St., Milwaukee, Wl«. 

REIS, Robert {J 19^) Mech. Engr., eWigttm 
Abbott Corp., 1226 South Ave., and 713 Watchung 
Ave., Plainfield, N. J. 

REISBERG, Leater K. <A 1939) Viee-Prei^., 
• Goodin Co., 707 N. Third St., and 2724 N.E, 
HayesSt., Minneapolis, Minn, 

RENOUF, Edward Prince (A/ 1933) Cond, 
Supvr., Westinghouse Electric 8t Mamtfacturing 
Co., 1006 Inturanoe Bldg., and •944(1 Waterview 
Rd., Dallas, Tex* 

REPP, Harnr L. (If 1022) Branch Mgr., • V, S, 
Radiator Corp., 3221 (Jlamegie Ave,, and 15612 
Braemar Dr,. Cleveland. Ohio. 

RESCH, Roy J. <A 1940) Pret*, ♦ McQuny, Inn.. 
1600 Broadway N.E.. and Minnenp^is AUdetic 

RBT^W,'ffiSw CM“Sa9) ChW Rw., Bmtd 
of ^ucation, School Ditt. of PMUdetphiti. 2t«t 
and Parlcpwiy, and a 4413 Walnut Phila- 
delphia. Pa. 

REYNOLDS, TTiuriow W* (.Vf 1932) Coneulting 
£n^., 100 Pinecrest Dr„ Ha«tlng»-on«Hu(}son. 

REYNOLDS, W. V. (A 192$) Free.. eWMter 
Reynolds, Inc., 361 Third Ave., and 444 East 
62nd St„ New York* N* V. 
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RHINE, George R, (A 1938) Capt., Ordnance 
Dept., c/o San Antonio Arsenal, San Antonio, 
and • 1804 Vincent, Brownwood, Tex. 

RHOTON, W. R. (M 193C) Pres., The W. R. 
Rhoton Co., 5915 Bonna Ave., Cleveland, and 

• 1728 Lee Rd., Cleveland Heights, Ohio. 

RICE, C. J. (A 1923) Pres., Sterling, Inc., 3738 

N. Holton St., and •Route 6, Box 374, Mil- 
waukee, Wis. 

RICE, Robert B. (M 1934) Prof, of Experimental 
Engrg., •North Carolina State College, North 
Carolina State College Station, and 2502 White 
Oak Rd.. Raleigh, N. C. 

RICHARD, Edwin J. 1933) Owner, •Richard 
Equipment Co., 2137 Reading Road, and 3147 
Victoria Ave., Cincinnati, Ohio. 

RICHARDS, Guy H. (A 1939) Mgr. Htg. Dept., 
Crane Co., 2 South 20th St., and •7230 First 
Ave. S., Birmingham, Ala. 

RICHARDS, Leslie V* (M 1941; A 1940) Owner- 
Mgr„ • Richards Oil Burner Sales 8c Service, 97 
Lawrence St., Malden, Mass. 

RICHARDSON, Heniy G. (M 1934) Pres., 
Williams-Richardson Co., and •1433 Harvard 
Ave., Salt Lake City, Utah. 

RICHARDSON, Laurence S. (A 1939) Mgr.- 
Engr.. Htg. Dept., Stark-Davis Co.. 110 S. W. 
Front St., and • 6929 S.E. Yamhill St., Portland, 
Ore. 

RICHARDSON, R. Donald (J 1938) Active 
Service, Bombardier Royal Regiment Artillery, 
and eSS SilhiU Hall Rd., Solihull, Birmingham, 
England. 

RICHFIELD, Nicholas H. (M 1937) Engr., Oil 
Burner Div., American Radiator & Standard 
SaniUiry Cnrp., Bessemer Bldg., and aHlO 
Milan Ave., Brookline, Pittsburgh, Pa. 
RICHTMANN, William M.* (A 1932; J 1926) 
Assoc. Prof, of Mcch. Engrg,, • Texas College of 
Arts 8c Industries, and 600 W. Richards St., 
Kingsville, Tox. 

RIDLEY, Walter H. (ikf 1939) Mgr., Dryer Div.. 
Riggs 8c Lombard, Inc., Suffolk St., Lowell, and 
Westford vSt., Chelmsford, Mass. 

RIES, Lester S. CA/ 1929) Supt., Dept, of Bldgs, 
and Grounds, •Oberlin College, 32 E. College 
St., and 291 Oak St., Oberlin, Ohio. 

RIESECK, Wilbert L, (.V 1941) wStudent. Carnegie 
Institute of Technology, Schenley Park, and 

• 3763 ICaet St., Pittsburgh. Pa. 

RIESMEYER, Edward H., ir. <A 1930; J 1930) 

Htg. Engr., •Schaffer Heating Co., 231-33 ^ 
Water St., and 4702 Stanton Ave., Pittsburgh, ' 
Pa. 

RIET2, Elmer W.* (.Vf 1023) Mgr., Specialty 
Div., • The Powers Regulator Co., 2720 Grccn^ 
view Ave,, Chicago, and 2260 S. Sheridan Rd., 
Highland Park, 111. 

George H. (A 1941) Branch Mgr., 

• Cole Sullivan Engineering Co., 801 S.W. Stark 
St., and 1613 N. Benton Ave,, Portland, Ore. 

RITCHIE, A. G. CJW 1938) Pres., • John Ritchie. 
Ltd,, 102 AdeWe St. K., and 41 Gariield Ave., 
Toronto, Ont,, Canada. 

RITCHIE* Edmund J. (M 1923) Vicc-Pres., 
Sales., Sarco Co.. Inc., 475 Fifth Ave., New York, 
and *2 Grace Court, Brooklyn, N. Y. 

RITCHIE, WilUam CL^« Mmber; AT 1909) 

17 Van Reipen Ave., jersey City, N. J. 
RITTBLMEYER, John M. (M 1941) Pres., 

• Rittelmeyer 8c Co., 179 Whitehall St. S.W., 
23^2 Woodward Way, Atlanta, Ga. 

RITTENKOUSB, Owen R. (.V 1941) Student, 

• Carnegie Institute of Technology, 5017 Forbes 

Pittsburgh, and 440 Richhlll St., Waynes- 


hurg. Pa. 

RITTER, Arthur (Ai 1911) Mgr., New York 
Office, •American Blowtir Corp., 60 West 40th 
Stt, New York, and 29 Edgemont Rd., Scarsdale, 

RIVAW, M, M, (At 1035) Mgr,, Rivard Sales 
Co., 4560 Main St., and • 1805 West 49th St. 
_ Terrace, Kansas City, Mo. 

ROACH, Edwin R. (A 1941) Ktg.-Vtg. Engr.. 
Baskervill 8c S<m, Box 157, Fort Belvoir, and 
• 724 St. Asoph St,. Apt. 108, Alexandria, Vu, 


ROBB, Joseph E. (A 1936) Sales Engr., Minne- 
apolis-Honeywell Regulator Co., Minneapolis, 
Minn., and • 1717 Illinois St., Lawrence, Kan. 
ROBERTS, Harry H. (J 1941) Air Cond. Engr., 

• Arkansas Natural Gas Corp., P. O. Box 1734, 
and Apt. D 30, 1901 Centenary Blvd., Shreve- 
port, La. 

ROBERTS, Henry L. (M 1916) •228 North 16th 
St., Philadelphia, and 1014 Allston Rd., Brook- 
line, Del. Co., (Upper Darby P. O.), Pa. 
ROBERTS, Henry P. (A 1936) Secy., • Roberts- 
Hamillon Co., 713 S. Third St., and 3142 W. 
Lake Calhoun Blvd., Minneapolis, Minn. 
ROBERTSON, J. A. M. (A 1930) Vice-Pres., 

• The James Robertson Co., Ltd., 946 William 
St., Montreal, and 109 Sunnyside Ave., West- 
mount, Que., Canada. 

ROBIN, Richard C. (A 1941) Prop., •700 Com- 
monwealth Ave., Boston, and Hartford St., 
R. F. D. 1, Framingham, Mass. 

ROBINSON, Arthur S. (M 1936) Engr., E. T. 
duPont deNemours Co., Wilmington, Del., and 

• 730 Ogden Ave., Swarthmore, Pa. 
ROBINSON, Donald M. (A 1936) Sales Engr., 

• Buffalo Forge Co., 612 Woodward Bldg., 
Washington, D. C., and 6609 Lambeth Rd., 
Bethesda, Md. 

ROBINSON, Edgar R. (A 1938) Sr. Draftsman, 
Vtg.-Htg., New York Shipbuilding Corp., Cam- 
den, and •210 Carlton Ave., Westmont, N. J. 
ROBINSON, George L. (A 1935) Designer, E. L 
duPont deNemours Co., and •ISO West 34th 
St., Wilmington, Del. 

ROBINSON, Jack A. (A 1940: J 1936) Air Cond. 
Engr., Australian Gas Light Co., Parker St., Box 
481 AA GPO, Sydney, and •SOd New South 
Head Rd., Rose Bay, N.S,W., Australia. 
ROBINSON, Kenneth E- (J 1941) Cluef Engr., 
McLouth Air Conditioning Corp., 2400 E. 
Michigan Ave., and •211 Smith Ave., I-ansing, 
Mich. 

ROCK, George A. (M 1937) Chief Inspector, 

• U. S. Navy, Cunningham bield, Cherry Point, 
and 30 S. Front St., New Bern, N. C. 

ROCKWELL, Theodore F. (M 1933; J 1932) 
Asst. Prof. Mech. Engrg., • Carnegie Institute of 
Tcclmology, Schenley Park, Pittsburgh, and 
Glenover Place, Aspinwall, Pittsburgh, Pa. 
RODEE, E. J.* (M 1936) Office of Supvr, of Ship- 
building, U. S. Navy, Bethlehem Steel Corp., and 

• 18 Samoset Ave., Quincy, Mass. 

RODEFFER, Edftar W. (A 1941) Engr., Supt., 

Burke & Son Co., 11225 Robertson Blvd., and 

• 668 West 70th St., Los Angeles, Calif. 
RODENHEISER, Geor&o B. (M 1033) Asst. Dir., 

• David Ranken, Jr., School of Mtx:h. Trades, 
4431 Finney Ave., and 3639a Dover PI., St. 
Louis, Mo. 

RODGERS, Frederick A. (A 1934) Pres., Rodgers 
Engineering Co., 204 Thomas Bldg., and •3913 
Amherst, Dallas, Tex. 

RODGERS, Joseph S. (A 1937; J 1934) Asst. 
Mech. Engr., Naval Academy, U. S, Navy, 
Annapolis, and *10 Fourth Ave. S., Glen 
Bumie, Md- 

RODMAN, R. W, (AI 1922) Supt. of CusU>dianfl. 

• Board of Education, City of New York, 110 
Livingston St*, Brooklyn, and 175 West 73rd 
St., New York, N, Y, 

ROEBUCK, WiUlnm, Jr. (AJ lOl-n Mfrs, Agent, 

• 220 Delaware Ave., and 1240 Delaware Ave., 
Buffalo. N. Y* 

ROEDER, Wlnfteld (M 1941) Branch Mgr.. 

• American Blower Corp., 185 Church St., and 
484 Whitney Ave., New Haven, Conn. 

ROGERS, Churles S. (A 1940) Htg. Engr., L. P. 
Steuart 8c Bros., Inc., I38"12th St. N.E., wuHh- 
ington, D. C., and •804 Maple Ave., Falls 
Church, Va. 

ROGERS, Robert C. (A 1937) House Htg. Engr., 
Community Natural C»as Co., and • 5722 Worth, 
Dallas, Tex. 

ROGERS, Thoma* L, <1. (A 1939) 158 Victoria 
St., London, Ont„ t'amida. 
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HOLLAND, Sverre L. (A 1934) Design Engr., 

• Oklahoma Gas & Electric Co., 321 N. Harvey, 
and 2207 Northwest 19th St., Oklahoma City, 
Okla. 

RONSIGK, Edward H. (M 1937) Supvr., Gas 
Heating Sales, • St. Louis County Gas Co., 231 
W. Lockwood Ave., Webster Groves, and 7739 
Stanford, University City, Mo. 

ROOT, Edwin B. (M 1936) Superior Safety Fur- 
nace Pipe Co., 5816-44 Porsche Ave., Detroit, 
and • 964 Pierce St., Birmingham, Mich. 
ROPER, il^chard F. (A 1940) Pres., Pleasantairc 
Corp., Tower Bldg., and • 2700 Tilden St, N.W., 
Washington, D. C. 

ROSAS, Milton L. (J 1941) Sales Engr., #514 
Wesley Temple Bldg., Minneapolis, and 139 E. 
Congress, St. Paul, Minn. 

ROSE, Harold J.* (M 1938) Sr. Industrial Fellow. 

• Mellon Institute, 4400 Fifth Ave., and 219 
Lytton Ave., Pittsburgh, Pa. 

ROSE, Howard J, (M 1934) Treas., Gen. Mgr.. 
Suburban Air Conditioning Corp., 10 Brookdale 
PL, Mt. Vernon, and *100 Siebrecht Pi., New 
Rochelle, N. Y. 

ROSE, Jerome C. (M 1937) Air Cond. Engr., 
Buensod-Stacey Air Conditioning, Inc., 60 East 
42nd St., New York, and •&31~213th St., 
Hollis. L. I., N. Y. 

ROSEBROUGH, J. Stoddard (A 1937) Sales, 
L. J. Mueller Furnace Co., 4246 Forest Park, and 

• 5937 McPherson Ave., St. Louis, Mo. 
ROSEBROUGH, Robert M. (M 1920) Branch 

Mgr., L. J. Mueller Furnace Co., 4246 Forest 
Park Blvd., St. Loms, and '#519 S. Gore Ave., 
Webster Groves, Mo. 

ROSEBY, Thomas A. (M 1939) Chief Designing 
Engr., • Carrier Australasia, Ltd., 36-40 Bourke 
St., Sydney, N.S.W.. and 11 Gillies St., North 
Sydney, N.S.W., Australia. 

ROSELL, Axel F. (M 1936) Civil Engr., •A.-B. 
Svenska Flaktfabriken, Kungsgatan 18, and 
Kammakaregatan 25, Stockholm, Sweden. 
ROSEN, Edmohd J. (A 1939) Vice-Pres., •Parker 
Building Specialties, Inc., 991 Bryant St., San 
Fandsco, and 3701 Redding St., Oakland, Calif. 

' ROSENBERG, Irwin (J 1942; S 1939) Jr, Naval 
Archt., Norfolk Navy Yard, and •TIS High 
Apt. 2, Portsmouth, Va. 

ROSENBERG, Philip (A 3928) Secy.-Treas., 
Universal Fixture Corp., 135 West 23rd St., and 

• 260 West 104th St., New York, N. Y. 
ROSENBLATT, Arthur M. (M 1938) Pres., 

• Rosenblatt & Hunt, Inc., P. O. Box 828. and 
^ 12g) Edgewood Dr., Charleston, W. Va, 

ROSS, David S. (S 1941) Student, •Carnegie 

Institute of Technology, 4929 Forbes St., Pitts- 
_ burch. Pa., and 1131 West 22nd St., Lorain, Ohio. 
ROSS. J- D. (A 1937) Sales, •Railway & Engi- 
Specialties, Ltd., 417 St. Peter St., and 
E^niachffe Ave., Montreal, Que., Canada. 
ROSS, John (M 1920) Pres., • Ross industries 
Corp., 350 Madison Ave., New York, and Lake 
George, N. Y. 

ROSS, Roderick (M 3937) Consulting Engr., 
Bldg., 37 Swanston St., P. 0. Box 
1381 M, Melbourne, C. 1, and 5 Bums St., 
S. 3, Australia. 

ROSSITER I J (A 1939) Lt. U. S. Army, 

• Canute Field, 3i^atoul, HI., and 439 Harrison 
■r..§£;vvWest L^ayette, Ind. 

1030) Pres., • IntcmaUonal 
Exposition Co., Grand Central Palace, and 141 
T> York, N. y. 

ROTH, JHarold R, (M 1936) Sales Engr,, •Cana- 
dian Sirocco Co., Ltd., 57 Bloor St, W., and 6 
Castleview, Toronto, Ont., Canada. 
ROraMAIW, S. C. w 1936) Chief Engr., 

• West Virginia Workmens Compensation 
Commission, State Capitol Bldg,, and 2008A 

Charleston, W. Va, 

ROTTMATOR, Samuel I. (A 1933; J 1028) Mech. 
EngTj. • ^muel' R. Le^ris, Cons. Engr., 407 S. 

S222 S, Perry Ave., Chicago, III. 
^97^’ William A,* {M 1921), (Council, 1920-31) 

UCroasc, Wis., 

and 718 Longfellow Ave., Detroit, Mich. 


ROWE, William M. (/ 1936) Sales, •.American 
Blower Corp., 1302 Swetland Bldg., Cleveland, 
and 151 Bradley Ave,, Chagrin Falls, Ohio. 
ROWLEY, Frank B.* (M 1918), {Presidential 
Member), (Pres., 1932; 1st Vice-Pres., 1931; 2nd 
Vice-Pres., 1930; Council, 1927-33), Prof. Mech. 
Engrg. and Dir. of p:n^incering Experiment 
Station, University of Minnesota, and *4801 
E. Lake Harriet Blvd., Minneapolis. Minn. 
ROWLEY, Robert K. {S 1941) Student, T’ni- 
versity of Minnesota, and •4801 E, Lake 
Harriet Blvd., Minneapolis, Minn. 

ROY, Arthur C. (A 1937) l^stern Sales Mgr., 
Quaker Manufacturing Co., 617 Beverly Rd., 
Teaneck, N. J. 

ROY, Leo (A 1937) Power Sales Kngr., •Quebec 
Power Co., 229 St, Joseph St., and 41 l.aurVntide 
Ave., Quebec City, P. Q., Canada. 

ROYER, Earl B. (M 1928) Mech. Kngr.. Fosdick 
& Hilmer, Consulting Engrs., 1703 Union Truj<t 
Bldg., and •6635 Iris Ave., Cincinnati. Ohio* 
RUDD, Dann J. (M 1037) Mech. Designer. 
Caribbean-Architect Engineer, 41 East 42nd St., 
New York, and • 367 Deer Park Ave., Babylon, 
L. I.. N. y. 

RUEMMELE, Albert M. (7 19.38) 1st Lt.. Ord- 
nance Section PRGD, B'ort Buchanan, Puerto 
Rico; (after Feb. 1, 1942), Ashley, N. D. 

RUFF, Adolph G, {M 1936) Supt. of Power, XL S. 
Playing Card Co., Park Ave., Norwood, and 

• 3824 Woodford Rd., Cincinnati, Ohio. 

RUFF, D. C. (M 1922) Treae., • liealy-Riiff Co.. 

2266 University Ave., and 2211 St. Clair Avr., 
St. Paul, Minn. 

RUGART, Karl (A 1024) Mfrs. Dlst. Kept., •26 
South 20th St., Philadelphia, and 012 Bryn Mawr 
Ave., Narbcth P. Om Penn Valley, Pu. 
RUGGLES, Robert F. (A/ 1936; A 1927; J 1926 » 
Gen. Sales Mgr., • Autovent Fan & Blower Cn„ 
1806 N. Kostner Ave., and 7041 Brunch, N. 
Ozark, Edison Park, Chicago, 111. 

RUMBOLD, Allan H. (M Ml) Branch Mgr.. 

• Clow Gasteam Heating Co„ 427 Peachtree St,, 
Atlanta, and Norcroas, Ga. 

RUMMEL, Adolph J.* {M 1937) Aiwt. Mgr., 
Commercial Dept., • .San Antonio Public Ser^dre 
Co., 201 N. St, Mary's St., and 235 North Dr., 
San Antonio, Tex. 

RVMSBY, John L. (M 1941) Chief Mech. Kngr.. 
Co:^ Joslin & Macuaons, 1,’tah Ordnance Plant, 
Ordnance, and • 1000 State St., Salt Lake City, 

4 Utah. 

RUNGE, Carl H. (A/ 1041 ; A 1940) (hmsulUng 
Engr., 944 E. Sylvan Ave., Milwjiukee, WU. 
RUPPERT, C. Farrell (.S’ 1939) Student, Purdue 
University, and #400 Northwestern Ave., 
West lAfayctte, Ind. 

RUSSELL, i^yd A. (A 1941) Partner. Kngr, in 
charge of D^gn- Installation, eTakoma Kngi- 
5 Rd,, Silver Spring, and 

Hillandale, Sliver Si>riag, Md, 

RUSSELL, Edward A- (M 1030) t*hief Kttgr,, 
Vapor Heating Co., Inc.. 1600 S, Kilhourn 
Ave., and •8103 Dorchester Ave,, Chicago, UL 
RU^ELL, J, SOfum llJU Mmbm M 
Dir., Romr «c RuMdl, Ltd,, 30 ttondult St., 
London, W. L and ♦Fcrnacres, Fulmer near 
Slough, Buckinghamshire, England* 


RUSSmLL, W* A, iM 1921), (Council, I934-3!), 
1941) Southwestern Znw Mgr., # Iloffmati 

68th St., Kansas City, Mo. 

RYAN, HtoroW J. (M 1940), Pres.. aUaridd 

461-8 1st St, BrooWyn, N. Y, 

Mech, Kngr., Gentry 
13th and Main Si,, and asw Wm 
74th St. Terrace, Kansas City, Mo* 

Chief The Wtna Supply Co.. 5^804 N. 
Santa Fe., and W, Republic. Salina. Kan, 
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RYBOLT, Arthur L. (A 1938) Gen. Mgr., •The 
Rybolt Heater Co., Miller St., and 75 Samaritan 
Ave., Ashland, Ohio. 

RYERSON, Herbert E. (M 1937) Sales Engr., 
Cardox Corp., 311 N, Michigan Ave., Chicago, 
and #908 S. Wheaton Ave., Wheaton, 111, 

s 

SABIN, Edward R, (M 1919) Pres., •E. R. Sabin 
& Co., 4710 Market St., Philadelphia, Pa„ and 
205 Page Ave., Allenhurst, N. J. 

SABLE, Edward J. (M 1939) Treaa,, aThe T. O. 
Murphy Co., 28-27 E. College St., and 246 W. 
Loram St., Oberlin, Ohio. 

SACHS, Sam* (7 1940) Research Asst, in Mech. 
Engrg., •University of Illinois, 213 Mech. 
Engrg. Lab,, Urbana, and 725 S. Wright St., 
Champaign, 111. 

SADLER, C. Boone (M 1928) Associate Civil 
Engr., •Public Works Office, 11th Naval Diat„ 
and 4828 Orchard Ave., &n Diego, Calif. 
SAENGER, Lester W. (J 1941) Htg. Engr., 4928 
Holly Hills Ave,, St. Louis, Mo, 

SAGINOR, S. V. (M 1939) Gen. Mgr., eDavey 
C'ompressor Co., and 307 Woodard Ave., Kent, 
Ohio. 

SAITO, Shozo (M 1923) eSaito Sho 20 Shoten, 
Ltd., Marunouchi Bldg., Opposite Tokyo 
Station, and 3, No. 4 3chome, Kamata-ku, 
Tokyo. Japan. 

SALE, Francis B. (A 1939) Sales Engr,, • Pre- 
ferred UUlitiea Co., 2032 Belmont Rd., Wash- 
ington, D. C. 

SALINGER, Robert J. (A 1942; J 1937) Mech. 
Engr., The Austin Co., M. & M. Bldg., and 

• 2335 Swift, Houston, Tex. 

SALTER, Erneat H. (M 1930) Engr., • Electrical 
Testing Labs., 2 East End Ave., New York, and 
X82 C:icveland Ave,, Great Kills, S. L, N. Y. 
SALZER, Alfred R., Jr. (/ 1940) Mecii. Engr., 
1923 N. Claiborne Ave., New Orleans, Ia. 
SAMPSON* Edwin T. (A 1938) Mgr., Acoustical 
Dept., • Atlas Asbestos Co., Ltd., 110 McGill 
St., Montreal, and 28 Finchley Rd., Hampstead, 
Oue„ Canada. 

SAMPSON, Will D. (M 1940) Consulting Engr., 

• Will D. Sampson & Associates, 922 Ambas- 
sador Bldg., and 7108 Dale Ave., St. Louis, Mo. 

SAMUELS, Sidney (M 1941; A 1928; J 1925) 
Pres., • Sidney Samuels, Inc., 146 West 99th St., 
and 245 West l07th St„ New York, N. Y. 
SANBERN, E. N * (Af 1928) Asst. Secy., Hoffman 
Specialty Co., Inc, 1001 York St., and •5007 
Boulevard Place, Indianapolis, Ind. 

SANDER, Andy J. (M 1941) Bnn*.. •Chicago 
Master SteamBtters Assn., 228 N. I^Salle, and 
7401 lUngston Ave., Chicago, 111. 

SANDERS, Charlet M., Jr, (J 1938) Precipitron 
Repr., e westinghouee Electric & Manufaauring 
('o.* 411 N. ^enth St, St. Louis, and 1115 
North and South Rd., University, Mo. 
SANDFORTtJohn F. (A 1942: J 1938) Instructor 
in Mech. Engrg., •Iowa State College, and 
821 H Duff Ave., Ames, Iowa. 

SANDS, aive C, <M 1^29) G. P. 0, Box 001 F. F., 
Sydney, N.S.W„^ustmUa. 

SANFORD, A. L. (M 1915) Mech. Engr., C. H. 
Johnaton, Archts. fk Enm. 715 Empire Bank 
Bldg., St. Paul, and • 127 Banning Ave., White 
Bear Minn. 

SANFORD, SterUnd L03O) ^Sales Engr.. 

• T^ Detroit Ed^n Co., 2000 Second Ave., 
and 1503 Seybum Ave., Detroit. Mich. 

SAPF, Obarlea L, (A 1936) Sales Mgr., Farquhar 
Fhmace Co., and .0 620 N. Walnut St,. Wil- 
mington, Ohio. 

SATLOW, Abraham (7 1941) Jr. Naval Archt., 
Philadelphia Navy Yard, and 4200 Chester Ave.. 
Philadelphia, Pa„ and • 1946 Bay Ridge Park- 
way, New York, N. Y. 

SATTERLBE, H, A. (J 1940) Partner, aThe 
Schulte Plumbing & Heating Co., 520 Joplin St., 
and 1006 N, Swgt., Joplin, Mo. 


SAUNDERS, Lawrence P. (M 1933), (Council, 
1941) Chief Engr., Research Engrg., • Harrison 
Radiator Div., General Motors Corp., and The 
Tuscarora Club, Lockport, N. Y. 

SAURWEIN, George K. (M 1938) Supt., Engrg., 
Harvard University, Lehman Hall, Cambridge, 
Mass. 

SAWDON, Will M.* (M 1920) Prof, of Experi- 
mental Engrg., • Cornell University, College of 
Engrg., and 1018 E. State St., Ithaca, N. Y. 
SAWHILL, R. V, (A 1929) Domestic Engineering, 

• 110 East 42nd St., New York, and 115 Town- 
send Ave., Pelham Manor, N. Y. 

SAXON, Ruben B. (M 1941) Operating Supt., 
University of Nebraska, 42 and Dewey Ave., and 

• 1206 South 43rd St., Omaha, Nebr. 
SCALINGI, Giro R. (J 1940; S 1938) Melchior, 

Armstrong, Dessau Co., 614 Memorial Dr., 
Cambridge, and 0 94 Josephine Ave., Somer- 
ville. Mass. 

SGANDRETT, Harold R. (M 1941) Estimator, 

• Pacific Gas & Electric Co., 445 Sutter St., and 
458-17th Ave., San Francisco, Calif. 

SCANLON, Edward L. (A 1934) Chief Htg. 
Engr., • Equitable Gas Co., 436 Sixth Ave., 
Pittsburgh, and 3310 Regan Ave., Brentwood, 
Pittsburgh, Pa. 

SCHAD, Clifford A. (A 1938; J 1937) Engr., 
United States Air Conditioning Corp., 2101 
N.E. Kennedy St., and •4426-43rd Ave. S., 
Minneapolis. Minn. 

SCHAFER, Harry C. CM 1037) Sales Mgr,, 
Iroquois Gas Corp., 46 Church SL, Buffalo, and 

• 197 Union St., Hamburg, N. Y. 

SCHECHTER, Jack E. (A 1941; 1937) Design 

Engr,, Raisler Corp., 129 Amsterdam Ave., New 
York, and • 2520 Kings Highway, Brooklyn, N. Y. 
SOHEIDECKER, Daniel B. (A 1919) Pres., 

• Hunter-Clark Ventilating System Co., 2800 
Cottage Grove Ave., and 4626 N. Kilbourn 
Ave., Chicago, 111. 

SCHERNBECKj Fred H. (A 1930) Sales. •Wil- 
liam Bros. Boiler & Manufacturing Co., Nicollet 
Island, and 5046 Portland Ave., Minneapolis, 
Minn. 


SCHERRER, Leon B. (A 1941; J 1936) Sales 
Engr., St. Louis Cooperage Co., 101 Arsenal St., 
and •6112 Simpson Terrace, St. Louis, Mo. 
SCHIMM, Ellis L. (A 1941) 7215 Coronada, 
Dallas, Tex. 

SCHLICHTER, Charles F. CM 1938) Dist. Mgr., 
Surface Combustion Corp., 600 w St. N.E., 
Washington, D. C., and •6740 Fairfax 
Bethesda. Md. 

SCHLICHTING, Walter G. (M 1932) Mgr.. Air 
Cond. Dept., Clarage Fan Co., and • 1417 W. 
Lovell St.. Kalamazoo* Mich. 

SCHLICK, Paul F. <A 1940) Col., Commanding 
216th Coast Artillery, Camp H^n, Calif., and 

• 4530 Sunnyaide Dr., Riverside, Calif. 
SCHMIDT, E. Georg (M 1988) ConsulUng Engr., 

Berlin-Wilmersdorf, Kaiserallee 43, Germany. 
SCHMIDT, Harry (M 1937) Executive Engr., 
Feddors Manufacturing Co., inc., 57 Tonawanda 
St., and •277 Norwalk Ave., Buffalo, N. Y. 
SCHMIDT. Karl, Jr. (A 1942; J 1937) Sales 
Enff., Michigan Consolidated Gas Co., 415 
Clifford St., and • 14438 Mayfield Ave., Detroit, 
Mich. 

SCHMIELER, Joseph B.* (J 1938) VentilaUon 
Engr., New York Shipbuilding Corp., Camden, 
and •811 Delaware St., Woodbury, N. J. 
SCHNEIDER. Charles H. 1938) Br. Mgr., 

• Ilg Electric Ventilating Co.. 706 Profes^onal 
Bldg., Pittsburgh, and 1697 Potomac Ave.. 
Dorraont, Pittsburgh, Pa. 

SCHNELL, Robert H. (A 1988) Mech. Engrg. 
Designer, Smith, Hinchman & Gyrlls, Inc., 
Arclits, 5e Engrs., Des Moines Ordnance Plant,- 
and • 1017-33rd St., Des Moines, Iowa. 
SCHOEFFTER, H. M. (A 1941: J 1989) Sales 
Engr., •Aerofin Corp., 410 S. Geddes St., and 
lOTTwln Hills Dr., Syracuse, N. Y. 
SCHOENIJAHN, Robert P. (M 1919) Consulting 
Engr., aaOd Industrial Trust Bldg., and 719 
Nottingliam Rd,, Wilmington, Del. 
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SCHOEPFLIN, P. H. (M 1920) Pres., •Niagara 
Blower Co., 6 East 45th St., New York, and 91 
Valley Rd., Larchmont, N. Y. 

SCHRBIBER, Herbert W. (A 1937) Br. Mgr.. 

• Johnson Service Co., 507 E. Michigan St., and 
3136 N. Eighth St., Milwaukee, Wis. 

SCHROEDER, WiUiam R. (A 1939) Private, 

• c/o Quartermaster, Scottfield, and 3631 
Janssen St., Chicago, 111. 

SCHROTH, August H. (Af 1911) New York Mgr.. 
Columbia Radiator Co., Room 808, 101 Park 
Ave., New York, N. Y.. and • 167 N. Grove St., 
P. O, Box 47, East Orange, N. J. 

SCHUBERT, Amo G. (M 1939) Asst. Prof. Mech. 
Engrg., Rensselaer Polytechnic Institute, Troy, 
and • 1301 Broadway, Watervliet, N. Y. 
SCHUETZ, Clyde C. (A 1936) Research , Engr., 

• United States Gypsum Co., 1253 Diversey 
Pkwy., Chicago, and 206 S. Edward St., Mt. 
Prospect, 111. 

SCHULEIN, Ernst H. (A 1939; J 1937) Con- 
sulting Engr., Birch & Krogboe, V. Farimagsgade 
31, Copenhagen, V„ and *3 Dalgas Blvd., 
Copenhagen, F., Denmark. 

SCHULER, William B. (A 1937) Sales, Taco 
Heaters, Inc., 342 Madison Ave., New York, 
N. Y., and •7655 Merrill Ave.. Chicago, 111. 
SCHULTZ, Albert W, (M 1936) eGrinneU Co., 
Inc., 240 Seventh Ave. S., and 5204 France Ave. 
S., Minneapolis, Minn. 

SCHULZ, Edward L. (J 1937) Salw Engr.. 

• Carrier Corp., Merchandise Mart, Chioago, 111. 
SCHULZ, Howard I. (A 1915) Mgr., • Crane Co., 

1223 W. Broad St., and 1600 Monument Ave., 
Richmond, Va. 

SCHULZE, Ben H. (Af 1921) Eastern and Govern- 
ment Sales Mgr., • Kewanee Boiler Corp., 214 
Barr Bldg., Washington, D. C., and R. D. 1, 
Kperaville, Pa. 

SCHURMAN, John A., Jr. (AT 1936; J 1935) 
Sales Engr-, York Ice Machinery Corp., 2700 
Washington Ave., Cleveland, and • 16307 Lake- 
wood Heights Blvd., Lakewood, Ohio. 
SCHWARTZ, Jacob (A 1930; J 1929) Contractor, 

• Samuel Schwartz & Son, Inc., 30 West 27th 
St., Bayonne, and 12 Van Houten Ave., Jersey 
City, N. J. 

SCHWARTZ, Maurice (A 1938) Air Cond, 
Supvr., •Queens Borough Gas & Electric Co., 
and 739 CaffreyAve., FarRockaway, L. I., N. Y. 
SCHWARTZ, Norman E, (Af 1939; A 1938) Dist. 
Engr., Chrysler Corp., Axrtemp Div., 551 S. 
Harrison Ave., Kirkwood, Mo. 

SCOFIELD, Paul C. (A 1937; J 1933) Sr. Design 
Engr., Lockheed Aircraft Corp., Burbank, and 

• 425 E. Randolph, Glendale, Calif. 

SCOTT, Allison F. H. (Af 1937) Col., Principal 

Business Specialist Consultant, c/o Office Price 
Administration, Room 2519, Bldg. “D”, 4 HSt., 
and Independence Ave. S.W., and • Army and 
Navy Club, Box 132, 1621 Eye St. N.W., Wash- 
ington, D. C. 

SCOTT, George M. (Af 1915) Pres., • Child & 
Scott-Donohue, Inc., 158 East 38th St., New 
York, and Fort Hill VUlage, Scarsdale, N. Y. 
SCOTT, Roy M. (A 194:0 Mgr., • Roy M. Scott, 
323 Tenth St., and 36 Fairfield Way, &n Fran- 
cisco, Calif. 

SCOTT, William P., Jr. (Af 1941; J 1939) Vicc- 
Pres., Scott Co., 243 Minna St., and •255 Santa 
Paula Ave., San Francisco, Calif. 

SCOTTI, Frederico D. (Af 1939) Doctor Engr., 
Htg. and Air Cond,, •Via Brunelleschi, 4, and 
Via Maffei 77, Florence, Italy. 

SEARLE, William J., Jr, (Af 1938) Air Cond. 
Engr., Ind. Div„ United Engineers & Con- 
structors, 1401 Arch St., Philadelphia, and • 110 
Woodside Ave., Narberth, Pa. 

SECKINGER, Benjamin J., Jr. (Af 1941) 
Partner, •Seckinger Sons Co., 180 Forsyth St. 
S.W., and 1110 Lamer Blvd. N.E., Atlanta, C?a. 
SEEBER, R. R.* (Jlf 1984) Prof. Mech, Engrg. 
Dept., Michigan College of Mining & Tech- 
nology, Houghton, Midi, 


SEELBACH, Herman, Jr. (.1 1937) Minneapolis- 
Honeywell Regulator Co., 45 Allen St., Buffalo, 

N. Y. 

SEELERT, Edward H. (A 1935) Secy.-Treas., 
McQuay, Inc., 1600 Broadway N.E., and •2927 
Ulysses St. N.E., Minneapolis, Minn. 

SEELEY, Lauren E.* (Af 1930) Assoc. Prof, of 
Mech. Engrg., • Mason Laboratory, Yale I'ni- 
versity, New Haven, and 1856 Whitney .\ve., 
Hamden, Conn. 

SEELIG, Alfred E. (M 1926) Pres, and Gen, Mgr., 
L. J. Wing Manufacturing Co., 164 West 14th 
St., and • 640 Riverside Dr., New York, N. V. 
SEELIG, Lester (Af 1925) Chief Engr., Muw*um 
of Science & Industry, 57th St. and Uike Michi- 
gan, and •6459 Cornell Ave., Chicago, III. 
SEITER, J. Earl* (Af 1928) Asst. Mgr. of New 
Business Dept., •Consolidated Gas, Electric 
Light & Power Co., Lexington Bldg., Room 500, 
and 7117 Bristol Rd., StoneleigU, Baltimore, Md. 
SBKIDO, Kunisuko {Life Memhfn Af 1903) 
Consulting Engr,, 19 Momozono, Nakano, 
Tokyo, Japan. 

SELF, V. Floyd (Af 1941) Sales Engr., •Anemo- 
stat Corp. of America, 10 Hast 39th St., New 
York, and 015 Harrison Ave., Harrison, N. Y. 
SELIG, Ernest T., Jr. (Af 1936) Chief Research 
Engr., • Campbell Taggart Research Corp., 
4049 Pennsylvania Ave., and 7236 Summit St., 
Kansas City, Mo. 

SELLMAN, Nils T. (Af 1022) Asst. Vice-Pres., 

• Consolidated Edison Co. of New York. Inc., 
4 Irving PI., New York, and 58 Walworth Ave., 
Scarsdale, N. Y. 

SELTZER, Paul A. {J 1938) Engr,, Bryant Air 
Conditioning Corn., 915 N. Front St„ Phila- 
delphia, and • 154 E. Marshall Rd., Lunsdowne, 
Pa, 

SEMEL, Edward 1941) Engr., John W. Uwii, 
7108 Greenway Ave., and •647 Soutli 56th St., 
Philadelpliia, Pa. 

SENIOR, Richard L. (Af 1925) Pfe»i. •R. 1,. 
Senior, Inc., 103 Park Ave., New York, and ID 
Cherry Ave., New Rticholle, N, Y. 
SETTELMBYER, James T. (A 1940; J 1938) 
Instructor in Rcfrig. and Air Cond., 

County Vocational St Technical High Scho<d, 291 
Norfolk St., Newark, and *45 Pine St., Maple- 
wood, N. J. 

SEVERNS, WiUiam H.* (W 1933) Prof. Mwh. 
Engrg., • University of Illinois, and 009 Indlanii 
Ave., Urbana, III. 

SEYFANG, WiUiam G. (Af 1939) Managing 
Engr., Div. of Plant, • Board of I'kluwition. 81 1 
City Hall, and 116 Dorchmer Rd., Buffalo, N.Y. 
SEYMOUR, Jamea E. (.1 1937) Prop, and M«r„ 
Lee & Seymour, 346 Riuw*USt„an<l #208 Lake- 
wood Blvd., Madiiwn, Wis. 

SGAMBATl, Anthony P. (S 1939) 3 SApencer St., 
Youngstown, Ohio. 

SH^R, 1. Enteet (A 1934) Tresw. and 
Engr., Shaer St Turner Engineering 88 Hnud 
St., Cambridge, and *43 Ormond St,. Dorche*. 
ter, Mass. 

SHAPER, W, P., Jr* (7 1941; 1939) Office Mgr., 

• The Trane Co„ 705 Columbian Mutual Tow»»r 
Bldg., and 238 Angelus, Memphis, Tenn. 

SHAFFER. Chatter E, (Af 1037) Rmawh Kngt., 

• Koppem Co., Kearny, and 045 {iflgrt»ve Dr.. 
Arlington, N. J. 

SHANKLIN, Arthur P. (M 1929) Diet. Mgr., 

• Cairier Corp., 12 South 12th St„ PhBadelphU. 
and 40 Amherst Ave., Svmrthmore, 


SHANSXIN, John Andrew at lOIWO 
and Treat., .• Wett Vir^nia Hriitingtk Plumbing 
Co„ ^ Hale St„ and 1507 Quarrirr St., Charley 
ton, W. Va, 


SH^IRO, Oiarlet A. (7^1938) Asst, Stipetvlwir 
of ShipbuUdfng, U, S. Navy, •c/o NTodivlUe 
^ridj^C^NMfhvlIIe, Tenn., and 188 N. Prart 

SHAPIRO, Mor^ (Af 1941) Sr. Mech. Kngr.. 
Uffitikl fkatet Honing Auttunity. and •6323 
Luzon Av^ N.W„ Wathington. f>, C. 
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SHARP, Henry C. (A/ 1935) Sales Repr., Herman 
Nelson Corp., Fullerton Bldg., Room 221, St. 
Louis, and *7442 Melrose Ave., University 
Ci^, Mo. 

SHARP, John E. (A 1939) Owner, • Sharp’s, 215 
and 1529 W. Grand Ave. S., Spring- 

111 * 

SHARP, John R. (A 1937) Major, •Corps of 
Engiiieers, U. S. Army, c/o 104th Engineers, 
Maple St., Haworth, N. J. 

SHAW, Burton E.* (A 1930; J 1934) Research 
Cliief, • Penn Electric Switch Co., Goshen, and 
Bristol, Ind. 

SHAW, J. A. (M 1938) Gen. Elec. Engr., •Cana- 
dian Pacific Railway Co., Montreal, and 448 
Ave., Wcstmount, P. Q., Canada. 

SHAW, N. J. H, (M 1927; J 1925) Sales Engr., 
Barnes & Jones, Inc., 128^ Brookside Ave., 
Jamaica Plain, and • 37 Benjamin Rd., Arling- 
ton, Mass. 

SHEA, Michael B, (M 1021) Sales Dept., •Ameri- 
can liadiator & Standard Sanitary Corp., 8019 
and 40^ Blaine St., Detroit, Mich. 

SHEARER, William A., Jr. (J 1941; S 1939) 
Jr. hmgr., K. I. diiPont deNcmours Co., and 
St., Charleston, W. Va. 

SIHCARS, Matthew W. (M 1922) Engr.. •C. A. 
Dunham Co., Ltd., 1623 Davenport Rd., and 39 
Toronto, Ont., Canada. 

SHEPI<HXD, Raymond A. {M 1937) Owner, 

• Air C onditioning Engineering Co., 90 Memorial 
Dr., Cambridge, and 92 Governor Winthrop Rd„ 
Sotnerville, Mass. 

SHEKELRR; Morris (M 1921) Pres., •Sheffler- 
GrosB Co., Inc,, Drexel Bldg., Philadelphia, and 
419 C'hapel R^.. Melrose Park, Montgomery 
C'o., Pa, 

wSHELDON, Nelson E. (M 1927) Dist. Mgr., 

• C'arrier Corp., S. Geddes St., Syracuse, and 41 
I^inark Oescent, Rochester, N, Y, 

SHEU)ON, William D., Jr. (A 1936: J 1934) 
Ciijef Engr., Sheldon’s. Ltd., and •Cedar St., 
Criut, Ont,, Canada. 

SIIKLKY, tide (M 1937) Prfs., .Gians & 
Killian Co„ 1701 W. Forest Ave., Detroit, and 
Box 24.1, Birmingham, Mich. 

SHELL, Jack (M 1940) Chief Engr., Air Cond. 
Dept., •Jefferson Amusement Co., Box 3191. 
anti R. K. D, Mo. 1. Box 1015, Beaumont, Tex. 

SHKNK, Donald H. 1934) Assoc. Pro/, Mech. 
Kngrg., •c:iemaon Agricultural College, Riggs 
and 106 Calhoun Circle, Clemson, S. C. 

SHEPARD, Carl R. (M 1941) Inspection Engr., 
U. S. Kedeml Worka Agency, Public Buildings 
Administration, 429 Federal Office Bldg., 55an 
Fmndiu'o, and *438 Rich St., Oakland, Calif. 

SHEPARD, John < 14 >B. (Af 1937; J 1929) Air 
('ontl, Kngr„ • Conaolidated Gas Electric Light 
3e Power Co., Uxlntfton Bldg., Room 506, and 
4823 Keswick Rd., Baltimore, Md. 

SHEPPARD, Prank A- 1918) Sales, • Johnson 
Service ('o„ 1031 Wysmdotte St., and 27 East 
7(Hh St., Kansas City, Mo, 

saEPPERD.TSSker R- (A 1940; J 1938) Bmnch 
Mgr,, •Johnson Service Co., 608 Masonic 
Tempts Bldg,, and 17 Metairie Court, New 
Orleans, I 4 . 

SHERBROOKE, Wftltet A. (Af 1938) Grinnell 
(to., 294«) Northern Elvd., umg Island City, 
and alD-Ol Park Lane S., Kew Gardens, 

MIBRfcr.' Andrew (A4 1929; A 1926) Pres.. 
♦Andrew Sheret, 1114 Blanahard St., and 
1030 StC’tutoSt.. victoria, B. C.. Canada. 


SHElMdAN, V. L. 1936) Consulting Mech. 
648 Hillside 

SHERMAN. W. P. CA<^^1937) Chief Engr., mT. 
I^mis Murray Co.. 1897 Main St., and 1802 
PsikOston St.. CoUiwiWti* G, 
SHERWOO^^Uttremce T. (A/ 1937) Glass 
Technolo^ ©Pennsylvania Wire Glass Co„ 
P^^te^Co., Dunbur. and 11 Angle St., Connells- 


SHORE, David* (J 1938) Htg. and Vtg. Design, 
New York Shipbuilding Corp., Camden, N. J., 
and •4101 Spruce St., Apt, 412, Philadelphia, 
Pa. 

SHROCK, John H. (M 1924) Vice-Pres., New 
York Blower Co., and • 1002 Indiana Ave., La 
Porte, Ind. 

SHULTZ, Earle (A 1919) Vice-Pres., •Illinois 
Maintenance Co., 72 W. Adams St., and 5555 
Sheridan Rd., Chicago, 111. 

SHUMAN, Laurence (M 1939) Mech. Engr., 
U. S. Housing Authority, Washington, D. C., 
and •8367-16th St., Silver Spring, Md. 

SIEGEL, Daniel E. (J 1940; 6' 1938) Engr,, 
Htg. Div., Fruco Construction Co., St. Louis, 
and • 7716 Wise Ave., Richmond Heights, Mo. 

SIEGEL, Roy C. (A 1939) Owner, • International 
Chimney Co„ 303 Curtiss Bldg., and 243 Nor- 
walk Ave., Buffalo, N. Y. 

SIGMUND, Ralph W. (M 1932) Dist. Mgr., 

• B. F. Sturtevant Co., 913 Provident Bank 
Bldg., and 130 Wm. H. Taft Rd., Cincinnati, 
Ohio. 

SILBERSTEIN, Bernard G. (M 1937) Dist, 
Mgr., • Ilg Electric Ventilating Co., 622 Broad- 
wa 3 ^ and 814 E. Mitchell Ave., Cincinnati, Ohio, 

SILVER A, Americo (J 1939) Engr., Carrier Corp., 
International Div., Syracuse, N. Y. 

SIMKIN, Milton (A 1942; J 1936; A’ 1033) Engr.. 
Buensod-Staccy Air Conditioning, Inc., 60 E^st 
42nd St„ New York, N. Y., and elll Brighton 
Ave., Perth Amboy, N. J. 

SIMONS, Byron O. (M 1938) Branch Mgr., 

• MinncapoHs-Honcywell Regulator Co., 3033 
Locust Blvd., St. Louis, and 20 Orchard Ave., 
Webster Groves, Mo. 

SIMONS, Edward W. (M 1938) Chief Mech. 
Engr., Redwood Manufacturers Co., 1600 Hobart 
Bldg., and ^40 Villa Terrace, San Francisco, 
Calif. 

SIMONSON, Georfte M. (M 1937) ConaulUng 
Engr., 9^26 Market St., Room 309, San Fran- 
cisco, and 20 Lorita Ave., Piedmont, Calif. 

SIMPSON, G. L. (Af 1941) Vice-Pres.-Gcn, Mgr., 

• Pittsburgh Lectrodrycr Corp., P. 0. Box 1706, 
Pittsburgh, and Coraopolis Heights, Coraopolia, 

SIMPSON, Robert L. (J 1941) Enaign, U. S. N. R. 
E-V (8) Old Poat Office, and •4629 Bayard St., 
Apt. 207, Pittsburgh, Pa. 

SIMPSON, William K. (M 1919) Engrg. Consul- 
tant and Prop., R, H. Brown & Co., New Haven, 
and ^9 Sands St., Waterbury, Conn. 

SIPP, Edmund F. (J 1940) Jr. Engr,, Mills 
Novelty Co,, 4110 Fullerton Ave., and •3766 
Nora Ave., Chicago, III. 

SKAGERBERG, Rutcher CJkT 1924; J 1921) Sr, 
Mech. Engr., u. S. Housing Authority, North 
Interior Bldg., Washington, D. C., and ^420 
Tyler PL, Alexandria, Va, 

SKELLEY, Jerome H. (A 1938) Pres., eSkency 
Heating Knuipment Co., 1234 Speer Blvd., and 
4101 E. Ellsworth Ave., Denver, Colo. 

SKINNER, Alton, Jr. (/ 1940) Htg. and Air 
Cond. Engr., ej. R, BagweU Co.. 320 Holland 
St., and 1202 Vlckera Ave., Durliam, N. C. 

SKINNER, Henry W, (Af 1020) Mech. Engr., 
Austin Co., 4816 Dexter St-, Fort Worth, Tex. 

SKXAREVSKI, Rimma (A 1940: / 1936) Mech. 
Engr., Sewerage Works, City of Baltimore, 226 
E. University Pkwy., Baltimore, Md. 

SKLENARIK, Louis (A 1937; J 1928) 805 East 
72nd St„ New York, Y, 

SLAWSON JLloyd B. (A 1938) Mgr., Temperature 
Control Dept., • Barbcr-Colman Co., 3030 
Euclid Ave., Cleveland, Ohio, and Rockford, 111. 

SLEMMONS, John D. (M 1937) Mgr,, Sales 
Office, •American Blower Corp,, 660 Marion 
Rd., Columbus, and Rte. 2, WBson Rd., Worth- 
ington, Ohio. 

SLOANB, David J. <S 1939) U. S. Army, 66th 
General Hospital, Port Jackson, S, C. 

SLUSS, Alfred H.* (M 1936) Prof. Mech. Engrg., 
University of Kansas, 224 Fowler Shops, and 

• 827 Mississippi Ave., I^awrence, Kan. 
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SMAK, Julius R. (A 1934) Supt. of Service Dept.. 
Crane Co., South Ave., and #3135 Park Ave., 
Bridgeport, Conn. 

SMALL, Bartlett R. (M 1938; A 1937; J 1932) 
Staff Engr., • Aluminum Co. of America, 801 
Gulf Bldg., and 34 Hillman St. (10), Pittsburgh, 
Pa. ^ 

SMALL, Ray A. (M 1941) Mech. Engr., • Dept, 
of Agriculture, 28 V St, N.W., Washington, D. C., 
and 227 N. Third St., Lewisburg, Pa. 

SMILES, Roy H. (M 1941) Dealer Supvr., 

• Carrier Corp., 12 South 12th St., and 5936 
N. Seventh St„ Philadelphia, Pa. 

SMITH, Clifford F., Jr. (S 1941) Student, 

• Carnegie Institute of Technology, 5035 Forbes 
St., Pittsburgh, Pa., and 1609 S. Center Ave., 


Sioux Falls, S. D. 

SMITH, David J. (J 1941) Sales Engr., •Walter 
H. ]^gan Co., 1612 Vine St., Philadelphia, and 
524 Mercer Rd., Merion Park, Pa. 

SMITH, Elmer G-* (Af 1929) Assoc. Prof, of 
Physics, • Agricultural and Mechanical College 
of Texas, Dept, of Physics, and 100 Fairview 
Ave., College Station, Tex. 

SMITH. Card W. (M 1927) Sales Engr., Premier 
Furnace Co., 1131 Guilford St., Huntington, Ind. 

SMITH, George E. (A 1942) Supvr. Engr., 1 
West Ave., Pinner, Middlesex, England. 

SMITH, Gerald E. (J 1938) 52 Parkway Ave., 
Toronto, Ont., Canada. 

SMITH, Harold C. (M 1941) eThe Smith-White 
Co., Commerce Bldg., and 5840 Olive St., 
Kansas City, Mo. 

SMITH, MUton S. (M 1919) Tjreas.-Gen. Mgr., 
• Euensod-Stacey Air Conditioning, Inc., 60 
East 42nd St., New York, N. Y., and 13 N. 


Terrace, Maplewood, N. J. 

SMITH, Nelson J. (M 1938) Air Cond. Design 
Engr., eFrigidaire Div., General Motors Sales 
Corp., Taylor and Monument Ave., and 1332 
Riverview, Dayton, Ohio. 

SMITH, Roger C. (A 1940) Member, Branch 
Engrg. Dept., York Ice Machinery Corp., 117 
S. Eleventh St., St. Louis, and ^7040 Tulane 


Ave., University City, Mo. 

SMITH, Roy L. (S 1939) Student, Carnegie Insti- 
tute of T^nology, 5010 Morewood PI., Pitts- 


burgh, Pa. 

SMITH, Sidney T. (J 1941) Htg. Engr., Sid 
Smith & Co., 411 W. Fifth St., and •609 Moir, 


Waterloo, Iowa, 

SMITH, Stuart (A 1936) Asst. Mgr., American 
Radiator & Standard Sanitary Corp., 1747 Con- 
necticut Ave., Washington, D. C., and ^6922 
Fairfax Rd., Bethesda, Md. 

SMITH, Walter H. (M 1939) Chief Engr., eXhe 
T. Eaton Co., Ltd., Enmneers Office, and 7 
Kingseourt Dr., Toronto, ^t., Canada. 
SMITH, WUbur F. (M 1920) Consulting Engr., 
W. M. Anderson Co., 600 Schuylldll Ave,, PhTla- 
delphia, and ^709 Braebum Lane, Penn Valley, 
Narberth P. 0„ Pa. 

SMITH, WiUlam D. (Af 1937; A 1935) Pres., 

• Brjrant-Smith, Inc., 2168 Prospect Ave., 
Cleveland, and R. D. 1, Peninsula, Ohio. 

SMITH, WUliam O. (A 1987) Owner, • Smith 
Automatic Heat Service Co., 19250 John R St., 
Detroit, and 7 Sylvan, Pleasant Ridge, Femdale, 
Mich. 

SMOOT, T. H. (Af 1935) Gen. Mgr., Chief Engr., 
Heating Div., Anchor Post Fence Co., 6600 
Eastern Ave., and • 1302 Southview Rd., 
Baltimore, Md. 

SMVERS, Edward C. U 1933) Sales Engr.. 
Barber-Colman Controls, 1013 Perm Ave,, 
Wilkinsburg, and •148 Jamaica Ave., West 
View, Pittsburgh, Pa. 

SNAVELY, A. Bowman (M 1937) Chief Engr., 
Hershey Chocolate Corp., Hershey, Pa, 
SNAVELY, Earl R, (Af 1937) Sales Engr.. 

• Thomas A. Edison Co., West Orange, and 10 
Parkway Dr., Rahway, N. J, 

SNOOK, Alfred H. (A 1940) Mfre. Agent. Way- 
land, Mich. 


SNYDER, Edwin F., Jr. (/ 1940) 15111 E. 
Vemor, Grosse Pointe, Mich. 


SNYDER, Jay W. (M 1017) Member of Firm, 

• Snyder & McLean. 2308 Penobsc(»t Bldg., and 
8987 Martindale Ave., Detroit, Mich. 

SNVMAN, G. C. (A 1941) Regional Mgr., Carrier 
Corp., International Div., and • 1618 James St., 
Syracuse, N. Y. ^ 

SOBEL, Frank (.S’ 1939) Private. •Co. A-lOl 

M. P. Bn., Fort Dix, N. J., and llo Post .Vve., 
New York, N. 

SODEMANN, Paul (.V/ 1926; J 1020) Bhig. Supt., 
Stix, Baer & Fuller, 608 Washington .Vve., and 

• 4136 Farlin Ave., St. Louis, Mo. 
SODEMANN, William C. B. (.U 1919) Pres., 

• Sodemann Heat & Power ('o.. 2ii06 Delmar 
Blvd., St. Louis, and 7542 Teasdale Ave., Uni- 
versity City. Mo. 

SOETERS, Matthew 1937) (’onsulting Engr., 
858 E. Grand Blvd., Detroit, Mich, 

SOLSTAD, Lester L. (7 1936) Htg. Engr., .Mistin 
Sheet Metal Works, 5109 W. Chicago, and 

• 5348 W. Potomac, Chicago, III, 
SOMMERFIELD, Sumner S. (.1 1941; J 1936) 

4106 N. Keystone Ave., Chicago, III. 
SOMMERS, William J. (Af 1937) Sales Repr., 

• Ilg Electric Ventilating Co., 5t)r> Delaware 
Ave., Buffalo, and 235 Hartford Ave.. Kenmore, 

N. Y. 

SOMERS, WilHam S, (M 1938; A 1928; J 1926) 
Chief Engr., Lamneck Products, lnc„ and • 1 l.‘t 
Kenwood Dr„ Middletown, Ohio. 

SOPER, Horace A, (A/ 1916) Vice-Pf**s.. ♦Ameri- 
can Foundry & Furnace Co., Washingttm at 
McClun St., and 1122 K. Monr(H*> St., Blooming- 
ton, 111. 

SOULE, Lawrence C,* (A/ 1908) S«‘<'y, and Cc»n- 
sulting Engr., Aerofin ('orp., SyracujKS N, V.. 
and • Gordon and Stewart Rds., Fells, 

N, J. 

SOUTHMAYD, R. T, (7 1936) SaU% •American 
Blower Corp,, 1302 Swetland Bldg., (‘levtdand, 
and 37 Center St„ C'hagrin Falls. Oldo. 

SPALL, IMward G. (A 1939) Sales Engr,, Power- 
lite Devices, Ltd., Penn Klectrle Switch Div., 
171 John St., and •291 Windermere Ave., 
Toronto, Ont., Canada. 

SPARKS, Jamea D. (A 1937) Northwest Repr., 
Ilg Electric Ventilating (>)., 7(131 VV. Griren 
Way. Seattle, Waeh. 

SPECKMAN, Charlea H. (A/ 1918) (’omiulting 
Htg. and Vtg. Engr,. #482 Hottrtie Bldg., and 
1217 S. Fourth, Philadelphia, Pu. 

SPELBRINK, Robert G. (7 1940) Office Knar., 
York Ice Machineiy Corp., U7 »mth Uth St., 
St. Louie, and •8515 .\ntier Dr., Ricbmond 
Heights, Mo. 

SPELLER, Frank N.* {U/f, Mfmttrr; A/ 1908) 
Metallurgical Consultant, •64U Darlingitm 
Rd., Pittsburgh, Pa. 

SPENCE, Morton R. (A 1942; 7 1934) Asst. 
Purch. Agt„ •Rundle 8c Spence Mfg. Co„ 445 
N. Fourth St., and 799 K. l^xinitton Blvd*, 
Milwaukee, Wis. 


SPENCE, Robert A. (7 1937) Lt„ Ordnance Dept,, 
Army of U, S., Boston Ordnature Diet,, 14*) 
Fedc^ St., Boston, and #33 Barnard Rd., 
Belmont, Maws. 

SPENCER. Roland M. (4 1940; 7 1934) Bmneh 
Mgr., eThe Powers Regulator ((o„ 809 Stuart 
Ave., and 3750 Sunset Blvd., Houston, Tex. 

SPEN^R, Warner E. (A 1938) Repr., Nathmal 
Radiator Co., Inc., TM) Delaware Ave,, Bu^ato, 

SPIBLMANN, Gordon P. (A 1931; 7 l923)Vtce. 
Pres., • Harrison-Spielmann Co,* 480 XHL 
waukee Ave., ('hicago. and 780 N. Prospect 
Ave., Park Ridge, 111. 

SPXBTH. Beojitinixi (M HMD CM Engr., 
• Modine Manufacturing Co., and 400 Harvey 
I>r., Racing Wis* 

sprra/BY, A. in*r imo) p«»,. •».!.. swui*/ 

Heatina; Co,, im W. Fort St.. tMnXC. uml »t 

« PoinU Shores* Mich, 

SPpERR« Frank F, (A 1942; 7 1937) Chief Kngr., 
Heamen Air R Water S, Warren 

and W* Front St,, Trentrm, N, J.. and • 140" iw 
Queens Blvd.* Janudea, L, N. Y. 
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SPOFFORTH, Walter (Jkf 1930) Chief of Mech. 
Services, Federal Penitentiary, McNeil Island, 
and edlS N. Ainsworth, Tacoma, Wash. 
SPREKELMEYER, J. M. (M 1938) Pres., 

• General Engineering Corp., 301 West 13th St., 
and 1012 Bennall Court, Fort Worth, Tex. 

SPROTT, John I. (A 1941) Sales, eRay Oil 
Burner Co., 401 Bernal Ave., and 10 Parker 
Ave., San Francisco, Calif. 

SPROULL, Howard E. (iUf 1920) Div, Sales Mgr., 

• American Blower Co., 1005-6 American Bldg., 
and 3588 Raymar Dr„ Cincinnati, Ohio. 

SPURGEON, Joseph H. 04 1924) Mfrs. Agent. 

• Spurgeon Co„ 6-203 General Motors Bldg., 
and 17215 Pennington Dr., Detroit, Mich. 

SPURNEY, Felix E. (A 1938) Bldg. Mgr., Federal 
Reserve Board, Federal Reserve Bldg., Wash- 
ington, D. C., and ■•28 W. Baltimore St., 
Kensington, Md. 

STACEY, Alfred E., Jr.* (iKf 1914). (Council. 
1941) Comdr., U. S. Navy, Bureau of Ships, 
Navy Dept., Washington, D, C., and eSS 
Wootton Rd„ Essex Fells, N. J. 

STACK, Arthur E. (A 1936) Asst, Mgr. of 
Utilization Dept., Washington Gas Light Co., 
411 Tenth St. N.W., Washington, D. C.. and 

• 911 Gist Ave,, Silver Spring, Md. 

STACY. L. David (A 1936) Sales Engr., Ilg 

Klectnc Ventilating Co., 222 N. LaSalle St„ 
Chicago, and eSOS Elmhurst Rd., Prospect 
Heights, III, 

STACfY, Stanley C, (M 1931) Mech. Engr., 

• Board of Education, 13 S, Fitzhugh St., and 
531 Wellington Ave., Rochester, N. Y. 

STAFFORD, J. Fuller (A 1938) Owner, 619 N, 
Snelling Ave., St. Paul, and •2926-33rd Ave, S., 
Minneapolis. Minn. 

STAFFORD, Thomas D. (A 1937) Vice-Pres., 
Mgr., • Alexander-Stafford Corp., 313 Allen St. 
N.W., and 954 Ogden Ave. S.E., Grand Rapids, 
Mich. 

STAHL, Walter A. (M 1938) Operating Mgr., 

• Merchandise Mart, 222 Bank Dr., Chicago, 
and 2504 Harrison St., Evanston, 111. 

STAMMER, Edward L. {Life Uemher^ M 1919) 
Supt. Htg. and Vtg. Repairs, St. Louis Board of 
Education, Board of Education Bldg., and 

• 4430 Tennessee Ave., St. I^uls, Mo. 
STANDRING, Ronald A. (A 1942; J 1938) Htg. 

Engr., • Gurney Foundry Co., Ltd., lOO Principal 
St.. Vide St. Laurent de Montreal, and 2368 Le- 
claire St., Malsonneuve, Montreal, Oue., Canada. 
STANGBR, R. B. CM 1920) Prop., •Robinson 
& Stanger, Empire Bldg., Pittsburgh, and Middle 
Rd.. Crlentihaw, Pa. 

STANGLE, William H. (M 1940) Mgr.. New 
Products Div.. Servel, Inc., 18th FI., 51 East 
42nd 5^., New York, and •111-03-76^ Ave., 
Forest Hills, L. I., N. Y. 

S^PANLEY, Robort L, (M 1938) Engr.. Factory 
Hepr., • l^ciAc C^s Radiator Co., 7631 Rose- 
berry Ave.. Huntington Park, and 25X8 Dear- 
born Dr,, Los Angeles. CuUf. 

STANTON, IXmrofd W. (M 1938) Commercial 
Sales Dir,, • lowa-Ncbraska Light 8t Power Co., 
and 2100 Ryons St., Lincoln, Nebr. 


Clair Ave., Cleveland, and #1875 Rosomont 
JRd.j East Cleveland, Ohio. 


fjet. tQ June), and l6 Roselawn Ave., Roselle, 
JVilmlttjfon, Del. 


Dnyt^m, Ohio. 

STBCKHAN, LouU <M 192S: J 1026) Soles Engr.. 
« Crone 30 South 16th St., St, Louis, and 
Liberty St.. St, !x»uii. Mo. 

sineiL, a. Jmin (a i»3e) u. (ig) u. s. N. r., 

eBurfiiu of Navy Dept,, WasNngton, 

D, C„ and S. College and SCtlls Aves., Newark, 


STEELE, J. B. (Af 1932) Chief Engr., • Winnipeg 
School Board, Ellen & William Ave., Winnipeg, 
and 184 Waterloo St., Riverheights, Winnipeg, 
Man., Canada. 

STEFFNER, Edward F. (A 1937; J 1934) Htg. 
Engr., The Henry Furnace & Foundry Co., 3471 
East 49th St., Cleveland, and • 1429 East 133rd 
St., East Cleveland, Ohio. 

STEGGALL, Howard B. (A 1934) Branch Mgr., 

• United States Radiator Corp., 941 Behan St., 
and 1106 Murray Hill Ave,, Pittsburgh. Pa. 

STEIN, Jerome (/ 1942; S 1940) Secy., Torrington 
Supply Co.. Inc., 126 Maple St., and •766 
Waterville St., Waterbury, Conn, 
STEINHORST. T. F. (M 1919) Pres., Emil Stein- 
horst & Sons, Inc., 612 South St., Utica, N. Y. 
STEINKE, Bernard J. (J 1940; S 1937) Engr. and 
Estimator, 16 W. Palisade Ave., Englewood, and 

• Harrington Ave., Closter, N. J. 

STEINMETZ, C. W. A. (M 1934) Office Mgr., 

• American Blower Corp., 249 High St., Newark, 
and 60 Oakwood Ave., Bogota, N. J. 

STELLWAGEN, Fnmk G- (A 1987) Sales., 

• Fitzgibbons Boiler Co., Inc., 101 Park Ave,, 
New York, and 8637-77th St., Woodhaven, L. L, 
N. Y. 

STE-MARIE, Gaaton P. (M 1930) Examiner 
Technician, •Provincial Government, 97 E. 
Notre Dame St., and 6829 Duquette Ave., 
N.D.G.. Montreal, Que., Canada. 

STENGEL, Reinhold Arthur (M 1938) Chief 
Engr., Canadian Ice Machine Co., Ltd., and 

• 640 I^linton Ave, W., Toronto, Ont., Canada. 
STENGEL, Frank J. (A 1930 Secy., •R. F. 

Stengel & Son, 76-80 Rosehill PI., Irvington, and 
65 Hughes St., Maplewood, N. J. 
STEPHENSON, James R. U 1940) Partner, 

• J. R. Stephenson & M. M. Perry, 311 Bank of 
Nova Scotia Bldg., and 647 Strathcona St., 
Winnipeg, Ms.n,, Canada. 

STEPHENSON, )fc. A. 04 1941; A 1941) Secy.- 
Treas., •Stephenson Co., 14 Harris St, N.W., 
and 923 St. Charles Ave. N.E., Atlanta, Ga. 
STEPHENSON, Lewis A. (M 1917) Dial. Mgr., 

• The Powers Regulator Co., 409 East 18th St., 
and 801 West 67th Terrace, Kansas City, Mo. 

STERMER, Clarence J. CJ4 1936) Engr., Crane 
Co., 836 S. Michigan Ave., and •7839 Clyde 
Ave., Chicago, 111. 

STERN, Edward J. (A 1941) Sales Engr., •Arm- 
strong Cork Co.. lo22 Santa Fe Bldg., and 223 
E. Davis St., Dallas, Tex. 

STERNBERG, lE^win (A 1932; J 1931) 16 East 
98tliSt., NewYork, N. Y. 

STERNE, G. M, (A 1984) Chief'En^.. MetrqpoU- 
tan Ro6ning Co., Inc*, 50-23~23rd St., Long 
Island City, L. L, N. Y. 

STERNER, Dou^ S. CM 1941; A 1940; J 1938; 
5 1936) let Lt.. •67th Quartermaster Co., 
Camp Shelby, Miss., and 78 Baker N. W., 
Atlanta, Ga. 

STETSON, Lawrence R. (M 1913) Engr., 

• McMurrer Co., 303 Congress St., Boston, and 
36 Braddeld Ave., Roslindale, Mass. 

STEVENS, Earl KnlRhts 7 a 1940) Treas., 

• International ExpoMtion Co., 480 Lexington 
Ave., New York, N. Y., and Fairfield Ave., 
Greenwich, Conn. 

STEVENS, Htoirry L. (M 1934; A 1927; J 1924) 
Pres., aM. M. Stevens Plumbing fie Heating 
Co., 108-110 W. Sherman St., and 3^ West 20th 
Hutchinson, Kan. 

STEVENS, Howard R, (M 1941) Mgr., Htg. and 
Air Cond. Dept., H. B. Saviers & Son, Inc., Cor. 
W. Second awl Weit St., and .630 B. Taylor 
Sty Reno, Nev. 

STEW& Judaon E. (A 1941) In charge of Htg., 
B^g. Dept., •National Coal Co., P. O. Box 
3l£ and Vasear St., Reno, Nev, 

STEWS, Kenneth M. (/ 1936) ^les Engr., 

• Powers Regulator Co., 409 East I3th St., and 


Ehgr.t •Sheuenberger, Gregg fic Co.. 2^ N. 
ProepMt Ave.. and 2501 E. Stratford Court, 
MItmiikee, m 
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STEVENS, WUltom R. (X 1934) Htg. Contractor, 

• L. E. Stevens Co., 626 Broadway, Cincinnati, 
Ohio, and 30 Chalfonte Court, Fort Thomas. Ky. 

STEVENSON, Mel. J. (M 1935) Htg. and Vtg. 
Engr., Consoer-Townsend & Quinlan & Battey 
& Childs, Archt.-Engr., Kansas Ordnance Plant, 
Parsons, Kan., and •6321 Cornell Ave., Apt. 
123, Chicago, 111. ^ 

STEVENSON, W. W. (M 1928) Steam Htg. Engr., 
Allegheny Co. Steam Heating Co., 436 Sixth 
Ave., and 1126 Lancaster Ave., Pittsburgh, Pa. 

STEWART, Charles W. (M 1919; A 1918) Asst. 
Gen. Sales Mgr., • Hoffman Specialty Co., 1001 
York St., and 3111 No. Mendian St., Indiana- 
polis, Ind. 

STEWART, Duncan J,* (M 1936; A 1930) Mgr., 
Elec. Div., • Barber-Colman Co., and Hickory 
Lane, Rockford, 111. 

STEWART, James Pirtle (A 1940; J 1937) Engr., 
Carrier Corp., 12 South 12th St., Philadelphia, 
and • 126 Birch Ave., Bala, Pa. 

STEWART, John N. (A 1939) Plan Examiner, 
Div. of Smoke Regulation and Boiler Inspection, 
District Bldg., and •2019 N St. N.W., Wash- 
ington. D. C. 

STEWART, Robert S. (A 1941) Owner, eR. S. 
Stewart & Co., 7 N. Main St., and 612 Stanley 
St., Middletown, Ohio. 

STEWART, Wesley O. (A 1938) Mgr., Los 
Angeles Office, • Johnson Service Co., 163 west 
Ave. 34, and 4100H Los Feliz Blvd., Los 
Angeles, Calif. 

STILES, Gordon S. (A 1941; J 1936) Instructor 
Engrg. Drawing, A. & M. College of Texas, 
College Station, and • 101 Dodge, R. F. D. 4, 
Bryan, Tex. 

STILLER, Frederick W. (A 1942; J 1933) Esti- 
mator, eF. C. Stiller 8 e Co., 129 S. Tenth St., 
and 138 West 49th St., Minneapolis, Minn. 

STIRLING, Walter N. (M 1939)* Refrig., Air 
Cond., 189 Park St., Calcutta, India. 

STITES, Richard, Jr. (J 1937) Sales Engr.. 

• Buffalo Forge Co., 2061 W. Lafayette Blvd., 
and 2170 E. J^erson, Detroit, Mich. 

STOCK, Charles S. (M 1936) Dist. Repr., The 
Herman Nelson Corp., Room 404, 1108-16th St. 
N.W., Washington, D. C., and •6762 Fairfax 
Rd., Bethesda, Md. 

STOCKWELL, William R. (Life Member; M 
1903; J 1901) Gen. Mgr., Mfg. Div., Weil- 
McLain Co., Michigan City, Ind. 

STOKES, Alvin D. (M 1936) Engr., • Riggs 
Distler & Co„ Inc., 216 N. Calvert St., and 424 
Winston Ave., Baltimore, Md. 


STOKES, Arledfte (A 1942; J 1936) Engr., 
Mehring & Hanson Co., 12 H St. N.E., Wash- 
ington, D. C., and •4908 North 17th St., 
Arlington, Va. 

STONE, Frank M. (M 1940) Secy.-Treas., • Sara 
Stone, Jr. & Co., Inc., Archts., 1800 Masonic 
Temple, and 2214 Adams St., New Orleans, La. 

STORMS, Robert M. (M 1936) Consulting Engr., 
Plbg.-Htg.-Vtg., • 1717 N. Vine St., Los Angeles, 
and 354 W. Wilson Ave., Glendale. Calif. 

STOTT, Dou^as A. (A 1940) Mgr., • Canadian 
Powers Regulator Co., Ltd., 196 Spadina Ave., 
and 119 Parkhurst Blvd., Toronto, Ont„ Canada. 

STOTT, F. W. (M 1938) Sales, C. A. Dunham Co.. 
Ltd., 1139 Bay St., Toronto, and eSO Allan St„ 
Oakville, Ont., Canada, 

STOTZ, Robert B. (J 1938) Sales Engr., • Frigi- 
daireDiv., General Motors Sales Corp., 676 Green- 
wood Ave., and 1702 Harvard Rd„ Atlanta, Ga.v 

STRAND, Charles A. (A 1940) Supt., • Bruce 
Wigle Plumbing & Heating Co.. 9117 Hamilton 
Ave., and 6533 Barium Ave., Detroit, Mich. 

STRANSKY, Malcolm W. (A 1942; 71941) Engr., 
Heating Equipment Co., 1123 Harrison St„ and 

. 316 Fulton St., San Francisco, Calif. 

STRAUCH, Paul C. (A 19341 Sales Engr., The 
Henry Furnace & Foundry Co., 24 South 18th 
St., Pittsburgh, and • Sherwood Hall, Cam- 
bridge Court Apts., Edgewood, Kttsburgh, !l^. 

STREATER, Edward C. (A 1939) Mgr., eU E. 
Streater Lumber Co., Spring Park, and Mound, 
Minn. 


STREVELL, R. P. (^f 1934) Prcs.-Treas., • The 
William R. Hogg Co., Inc., 900 Fourth Ave., 
Asbury Park, and Victor PI. and State Highway, 
Neptune, N. J. 

STROCK, Clifford (M 1937; A 1929) Editor, 
Heating & Ventilating, 14$ Lafayette St., New 
York, N. Y. 

STROMGREN, Sven G. (M 1938) Metallurgical 
Engr., Svenska Flaktfabriken Kungsgatan 18, 
Stockholm, Sweden. 

STROTHER, William E, (A 1941) ('nnstruction 
Engr., Barge-Thompson Co., and eOO? Burns 
Dr., Atlanta, Ga. 

STROTJSE, Sherman W. (.1 1934) Sales Mgr., 
Trane Co., 493 Franklin St., Buffalo, and eOG 
Mayville Ave., Kenmore, N. Y. 

STROUSE, Sidney B. (M 1921) Member of Firm, 

• S. B. & B, n. Strouae, r)(K)-629 (ruaiantee 
Trust Bldg., and 22 S. Illinois Ave., Atlantic 

STO^?N^Jay (A 1939; 7 1933) Engr., un<l Con- 
tractor, eStrunin Plumbing & Heating <'o., 408 
^ond Ave., New York, and 217 Ocean Ave., 
Brooklyn, N. Y. 

STUART, ]v«lton C.*** (M 1936) Prof, of Mech. 
Engrg. • Lehigh University, and 1828 Jennings 
St., Bethlehem, Pa. 

STUART, W. W. (A 1940) Owner, • W. W. Stuart 
Co., 417 Ninth St., and 1920 Pleanimt St., Des 
Moines, Iowa. 

STUBBS, W. O. (W 1934) Stipvr., Ventilation 
Section, • Norfolk Navy Vatd, and 39 ('banning 
Ave., Portsmouth, Va, 

STURDY, Oswald G. (Af 1938) Sales Kngr„ 

• Foster Wheeler, Ltd., C'ommerce and Trans- 
portation Bldg,, and 139 Indian Rd., Toionto, 
Ont., Canada. 

STURM, WHUam (7 1937; S im) Dniftsman, 
Gausman & Moore, Consulting Kngr«.. 1026 
First National Bank Bldg., and • 1822 Afdtland, 
St. Paul, Minn. 

SUDDERTH, Leo, Jr. (A 1942; 7 1936) Branch 
Mgr., •Johnson Service (>>., 31 1 Bona Alien 
Bldg., and 1116 Los Angck^ Ave., N.K., Atlanta, 

SiSxiVAN, T. J. (M 1930) Pres., Sullivan Valve & 
Engineering Co., 010 S. Arizona St., and • 1205 
W. Park St., Butte, Mont. 

SUNDERLAND, Richwd P, (A 1938) Pres., 

• General Meten^-Controls (k»., 205 W. Wacker 
Dr., Chicago, and 936 Judwm Ave., Evanston, 
111 . 


SUPPLE, Graeme B* (M 1934) Dist. Kn«r., 
• American Blower Corp., 635 AnddU*ets & 
Builders Bldg., and 420 EuKt 53th St„ IndUt- 
napolis, Ind. 

SUTCH, H. C. (A 1940) Sales Kngr., Bell & 
Gossett Co., 029 W. Wushington, and *1326 
Ardmore Ave., Chicago, 111. 

SUTCLIFFE. A. G. (Af 1922; A 1918) Chief 
Engr., Ilg Klftctric Ventilating Co., 2850 N.Craw* 
ford Ave., Chicago, and *432 S, Dclphla Ave,, 
Park Ridge, III. 


SUTFIN, Georjle V, (,l 1937) Stdes Kngr., 
• American Blower Ckirp., l<K)5-6 American 
Bldg., and 8270 Hildreth Ave,, Cincinnati, < ihto, 


SUTHERLAND, David U (A 1934) Ihrm., 
• Sutherland Air Comllthming Co., 718 Wash- 
ington Ave. N., and 1H15 Colfax Av«. S., Minne- 
apolis, Minn, 

SUTTER, Edwr E, (A 1936) Sulwi Kngr,. Mwelltr 
Brass Co., X^>rt Huron, Mich,, and •6705 Sixth 
St. N.W„ WtudilngUm. 1>. C, 

SWAIN, Dougplan S. (7 1941) Sides Kngr., Trtn« 
Company efi Canada, Ltd., 365 Hargrave St,, 
and •27 Fawcett Ave,, Wiftnlpeg, Man,, 
Canada. 


SWAIN, WHUam U (A/ 1939) Din. # Young, 
Austen & Yo|^* Ltd., 35 UphiU RiL, Mill Hill 
Londom N.W. 7, atu! St. (tatheri»e*«, .Sandy 
Lodge Rd., Moor Park, Hertfordshire, England, 
SWANEY, CtooM E, (H 1929; 7 1921) Co- 
Partner, •Oilb^ Howe Glmion it Co., m St. 
Botolph St., Boston, and 43 Clyde Kewton- 
ville, Mass. 
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SWANSON, Donald F. (/ 1938) Test Engr., 
Sccger Refrigerator Co„ 850 Arcacfe St., St. Paul, 
and *4316 Bloom Avc., Minneapolis, Minn. 

SWANSON, Earl C. (A 1935) Vice-Pres., Andersen 
Corp., Bayport, Minn. 

SWANSON, Nils W. (A 1936) Sales, McDonnell 
& Miller, 400 N, Michigan Ave., and •:^46 
Morse Ave., Chicago, III. 

SWEENEY, R. H. (A 1939) Sales Engr., Minne- 
apolis-HoneywcIl Regulator Co., 4740 Baum 
Blvd., and • 1201 Hillsdale Ave., No. 16, Pitts- 
burgh, Pa. 

SWENEHART, Delmor W. (A 1940) Educational 
Dir., Air Conditioning Training Corp,, 789 Wick 
Ave., Youngstown, and •Cortland, Ohio. 

SWENSON, J. E. (A 1930) Mgr.. Htg. Div., 
• Minneapolis Gas Light Co., 789 Marquette 
Ave., and 4853 South 14th Ave., Minneapolis, 
Minn. 

SWINGLE, Wayne T. (A 1938) Pres., Hastings 
Air Conditioning Co., Inc., 918 W. Seventh St., 
Hastings, Nebr. 

SWISHER, Stephen G., Jr. (M 1936; A 1934) 
Mgr., •The Tnine Co., 1^6 N. Third St., and 
1711 K, Dean Rd,, Milwaukee, Wis. 

SYMONDS, Edward S. (M 1939) Dir.. eAbair 
Engineering, 1 Devonshire Sii., London, E.C. 2, 
and 84, The Ridgeway, Chingford, Essex, 
England. 

SYSKA, Adolph C, (M 1933) Partner, eSyska 
3c Hennessy, 144 East 39th St., New York, and 
3 Alden PI., Bronxvillc, N. Y. 

SZEKELY, Ernest (Af 1920) Pres., • Baylcy 
Blower <'o„ 1817 South OCth St., Milwaukee, 
and 0020 W. Washington Blvd., Wauwatosa, 
Wis. 

SZOMBATHV, L. R. (A 1930) Pres., •Ferguson 
Sheet Metal Works, Inc., 34 N. Florissant Blvd., 
Ferguson, and 3125 Hawthorne Blvd., St. Louis, 
Mo, 


TACiCfART, Ralph C.* (Af 1912) Div. of Ardii- 
tecture, N. Y. State Dept, of Public Works, 
Albany, and • 14 Lyon Ave., Mcnands, Albany, 
N. Y. 

TAHRY, Mahmoud El (M 1939) ICngr., • Carrier 
Egypt, S.A.K,, 37 Sliaria Kasr El Nil, Caiio, and 
30, Hishmat Pacha St., Zamalek, Cairo, Egypt. 
TALIAFERRO, Robert R,* (M 1919) Application 
Engr., Carrier Corp., 302 S. Geddes St., and 

• lOl Comstock Avc., Syracuse, N. Y. 
TALLIANOS, Peter 0. (A 1038) Mgr., The 

Egyptian wireless Co„ 30 Nobi Daniel St., 
Alexandria, Egypt. 

TALLMADGE, Webster (Af 1924) Pres., 

• Webster Tallmadge & Co., Inc., 304 GIcnwood 
Ave., East Orange, and 66 Cambridge Kd., 
Montclair, N, J. 

TANGER, Othon C. F. (A 1937) Dir., • N. V. 
Technische Handelsmaataclmppij “Renova, ” 
Rembrandtloan 34, Arnhem, Netherlands. 
TARR, Harold M. (A/ 1931) Htg., Vtg. and Air 
Cond. Engr., 21 Montague St., Arlington Heights, 
Mass. 

TASEER. Cyril* (M 1936), (Council 1941) Sr. 
Research Fellow e Ontario Research Founda- 
tion, 43 Oueens Park, and 737 Avenue Rd.. 
Toronto, Ont., C'nnada. 

TAVERNA, Fred F. (ikf 1928; A 1927; J 1924) 
Raisler Corp., 129 Amsterdam Ave., New York, 
N. V., and •lOU i>alisade Ave., Union City, 
N. J. 

TAYLOR, Edwatd M. (A 1934) Tech. Mgr., 

• Taylors, Ltd., 32A Lichfield St., and 3 Wnlra- 
rapa Terrace, Chrfstcluirch, New Zeahmd. 

TAYLOR, Fielding, Jr. (J 1938) Sales h:ngr., 

• Amencan Machine 8c Metals, lnr.„ OeBothciiat 
Ventilating Div.. 100 ^xth Ave., New York, and 
83-02 Cornish Avc., Elmhurst, L. I., N. Y. 

TAYLOR, Harold J. (M 1987) Owner, Harold J. 
Taylor, Htg. & Vtg„ 17514 Greenluwn Avc., 
Detroit, Mich. 

TAYLOR, R. F, (M 1916) ConsuIUng Engr., 
•910 Bankers Mortgage Bldg., and 2332 Watts 
Kd., IIouBton, Tex. 


TAYLOR, Robert B. (J 1938) Repr., • Buffalo 
Forge Co., 112 State St., Albany, and R. F. D., 
Slingerlands, N. Y. 

TAYLOR, Thomas E. (A 1942; J 1937) Consult- 
ing Engr., • 307 Postal Bldg., and 7307 N. Wall, 
Portland, Ore. 

TAZE, D. L. (M 1931) Mgr., •American Blower 
Corp., 1302 Swetland Bldg., Cleveland, and 
19412 Winslow Rd., Shaker Heights, Ohio. 

TAZE, Edwin H. (M 1937) Branch Mgr., •Ameri- 
can Blower Corp., 620 Court Sq. Bldg., Balti- 
more, and 28 Normal Terrace, Towsnn, Md. 

TEASDALE, Lawrence A. (M 1926) Asst, to 
Gen. Mgr., eYale University Service Bureaus, 
20 Ashmun St., and 262 W. Rock Avc., New 
Haven, Conn. 

TEELING, Geordte A. <M 1930) Consulting 
Engr., •! Columbia PI., Albany, and Clarks- 
ville, N. Y. 

TEMPLE, W. J. (M 1931) Mgr. and Engr., J. A. 
Temple Co., 108 Parkway, and •1215 Reed 
Ave., Kalamazoo, Mich. 

TEMPLIN, Charles L. (M 1921) Pres., • Carrier 
Atlanta Corp., 348 Peachtree St., and 781 Sher- 
wood Rd. N.E., Atlanta, Ga. 

TENKONOHY, Rudolph J. (M 1923) 3660 Shaw 
Blvd., St. Louis, Mo. 


TENNANT, Raymond J. J. (A 1929) EnOT.. 
• Pittsburgh Business Properties, Inc., 2237 
Oliver Bldg., Pittsburgh, and 762 N. Meadow- 


croft Ave., Mt. Lebanon, Pittsburgh, Pa. 
TENNEY, Dwight (M 1932) Pres., •Tenney 
Engineering, Inc., Bloomfield, and 33 Summit 
Rd., Verona, N. J. 

TERHUNE, Ralph D. (A 1936) Mgr., • Bryant 
Heater Co., 249 High St., Newark, and 114 
Highland Avc., Ridgewood, N. J. _ _ . 

TERRY, Matson C. (M 1936) Pres., Certified 
Products Co., 2014 North 14th St., and • 1429 
Potomac Dr., Toledo, Ohio. 

TERRY, Samool W. (M 1941) Pres.. •Aladdin 
Heating Corp., 2222 San Pablo Avc., Oakland, 
and 2820 Oak Knoll Terrace, Berkeley, Calif. , 
ter WEEME, Albert (A 1938) Sales Engr., N. V, 
Radiatoren, Singcl 206-208, Amsterdam C, and 

• Archimcdcswcg 13, Amsterdam O, Holland, 
THEISS, Ernest S, (A 1941; J 1940) Instructor. 

Duke University, College Station, and #910 
Fifth St., Durham. N. C. 

THEOBALD, Art (A 1937) EngT., •Payne 
Furnace & Supply Co., Inc., 336 N. Foothill Rd., 
Beverly Hills, and 116H S. Kings Rd., Los 
Angeles, Calif. 

THEORELL, Axel T, (M 1939) Civil Engr., 
TheorcUs Ingeniorsbyra, Skoldungagatan 4, and 

• Lokattsvagen 41, Appelvlkcn, Stockholm, 
Sweden. 

THEORELL, Hugo G. T.* (Life Member; M 1902) 
Consulting Engr,, •Hugo Thcorells Ingenl- 
orsfaym, Skoldungagatan 4, Stockholm, Sweden. 
THINN, Christian A.* {M 1021) Sales Dept., 

C. A. Dunham Co., 460 K. Ohio St., Chicago, III. 
THOM, Arthur J. (J 1939) Htg. and Vtg, Engr., 

Johnson Service Co., 607 E. Michigan St., and 

• 3037 South 39th St., Milwaukee, Wis. 

THOM, <}eorge B. <M 1037) Asst. Prof, of Mech. 

ICngrg., Swarthmore College, Swarthmore, Pa. 
THOM AN, EsteU O. (A 1938) Htg. and Air Cond. 
Engr., Boot ifc Co., 115 Fulton St. W., and *714 
Fulton St. E., Grand Rapids, Mich, 

THOMAS, Arthur E. (J 1038) Contracts Mgr., 
Young, Austen 8e Young, Ltd., Mayfield Lodge, 
Dudlow l4ine, Calderstones, Liverpw^l, 18, and 

• “Arlen” 66, Thingwall Rd., Wavertroe, 
Liverpool, 15, Engknd, 

THOMAS, Bernard A. (A 1937; J 1923) Mgr., 
Htg. Dept,, Crane Co., and ♦406 K. Idlewlld 
Avc., Tampa, Ida. 

THOMAS, Gle^e (M 1923) Office Mgr., 

• Clanige Fan Co., 723 Albec Bldg*, Washington, 

D. C., and 7 W. Lcland St„ Chevy Chase, Md. 
THOMAS, L. G. L. (M 1934) Vice-Prei., 

• Economy Pumps, Inc,, 1000 Wellnr Ave., and 
403 Smitii D St., Hamilton, Ohio. 
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THOMAS, Melvem F. (M 1909) Supvr. of Htg. 
& Elec. Work, No. 1 Training Command, 
R. C. A. F., 55 York St., and • 74 Rivercrest 
Rd., Toronto. Ont, Canada. 

THOMAS, Norman A. (M 1928) Pres., Thomas 
Heating Co., 142 South 14th St.. LaCrosse. Wis. 

THOMAS, Ralph C. (A 1938) Pres.. Thomas Air 
Conditioning, Inc., 819 Westover Ave., Norfolk, 
Va. 

THOMAS, Richard H. (Life Member; M 1920) 
Pres, and Treas., • Economy Pumps, Inc., and 
403 South D St., Hamilton, Ohio. 

THOMPSON, Charles (A 1927) Owner, Builders 
Wholesale Supply Corp., Box 1669, Reno, Nev. 

THOMPSON, Edward B. (A 1938) Supvr. Engrg. 
Div., Gas Commercial Dept., Cincinnati Gas & 
Electric Co., Fourth and Main Sts., and • 1198 
Coronado Ave., Cincinnati, Ohio, 

THOMPSON. Frank (M 1935) Mgi-., The 
Canadian Fairbanks-Morse Co., Ltd., Belvidere 
St. S., and • 107 Quebec St., Sherbrooke, Que., 
Canada. 

THOMPSON, Nelson S.* (Life Member; M 1917; 
J 1897) Chief Mech. Engr., U. S. Government, 
and • 1615 Hobart St. N.W., Washington, D. C. 

THOMSEN, Nis B. (M 1938) 168 Fallingbrook 
Rd., Toronto. Ont., Canada. 

THOMSON, Thomas N * (Ltfe Member; M 1899) 
Htg. and Plbg. Consultant, 37 Irwin PI., Hunt- 
ington, L. I., N. Y. 

THORNBURG, Harold A. (M 1932; J 1929) 
Consulting and Chief Engr., N. V. Industrieele 
Mij. Gebr. van Swaay, 154 Nassau St., New 
York, N. Y., and Soerabaya, Java, N.E.I., and 

• 1911 Dorchester Rd., Apt. 6G, Brooklyn, N. Y- 

THORNTON, Thaddeus U. (M 1937) Main- 
tenance Engr., Prudential Insurance, 96 Barclay 
St., Newark, and • 37 Perry St., Belleville, N. J. 

THORNTON, WUliam Barry* (M 1931) Sales 
Engr., •Carrier Com.. Merchandise Mart, and 
8314 Indiana Ave., Chicago, 111. 

THRUSH, H. A. (M 1918) Pres., H. A. Thnish & 
Co., Peru, Ind. 

THULMAN, Robert Kelley* (M 1938) Mech. 
Engr., Federal Housing Administration, Vermont 
and K Sts. N.W., Washington, D. C., and • 6505 
Ridgewood Ave., Chevy Chase, Md. 

THUNEY, Francis M. (A 1939; J 1936) Applica- 
tion Engr., •Wm. E. Kingswell, Inc., 3707 
Georgia Ave. N.W,, Washington, D. C., and 202 
Glenwood Rd., Bethesda, Md. 

’ TIDMARSH, P. M. (M 1938) Vice-Pres. and Gen. 
Mgr., Tidmarsh Engineering Co., P. 0. Box 
2425, Tucson, Ariz. 

TKbFORD, Leo A. (M 1941) Owner and Mgr., 
♦Leo A. Tilford Temperature Control Co., 295 
W. Pearl St., and 1224 Loeaer Ave., Jackson, 
Mich. 

TELLER, Louln (A 1935; J 1935; .S 1933) Air 
Cond. Engr., Oklahoma Gas & Electric Co„ 321 
N. Harvey, and *2712 Northwest 16tU St., 
Oklahoma City, Okla. 

TELLINGHAST, Harry S. (J 1941; 5 1940) Chief 
Time Study, •Aluminum Company of America, 
64 Lincoln Blvd., Kenmore, N. Y., and 60 W. 
Euclid, Detroit, Mich. 

TILTZ, Bernard E, (M 1930) Pres., Tiltz Air 
Conditioning Corp., 230 Park Ave., New York, 
and • 26 Lookout Circle, Larchmont, N, Y. 

TIMMINS, W. W. (M 1937) Dist. Mgr., # Cana- 
dian Powers Regulator Co., Ltd., University 
Tower Bldg., Montreal, and 306 Brock Ave. N., 
Montreal W., Que., Canada. 

TIMMIS, Pierce (M 1920) Service Equip. Engr., 

• United Engineers & Constructors, Inc., 1401 
Arch St., Philadelphia, and 202 Midland Ave., 
Wayne, Pa. 

TIMMIS, William Walter (M 1933; A 1926) 
Pres., •Au-Terap-Co. Corp,, 33 West 60th St„ 
New York, and Woodland Dr., Pleasantville, 

TJERSLAND, Alf (M 1916; J 1906) E. Sunde & 
Co., Ltd., Oslo, Norway, 

TOBIN, John F. (A 1934) Sales, • American 
Blower Corp., 228 N. LaSalle St., and 11266 S. 
Artesian Ave., Chicago, 111. 


TOBIN, Theodore A. (A 1941) Siles Kngr., 
The Marlcy Co., 3001 Fairfax Rd., City, 

Kan., and •6409WyandotteSt., Kansas', t'ity. Mo. 

TODD, Meryl L. (M 1940; J 1936) Mcdi. Engr., 

• M. L. Todd & Associates. 1111 Independence 
Ave., and 100 Highland Blvd,, Watcrliio, Iowa, 

TODD, Stanton W., Jr. (.4 1939; J IfKl.O) Sales 
Repr., American Radiator & Standard i^anitary 
Corp., 8019 Jos. Cainpau St., Detn>it, and enoo 
Paris S.E., Grand Rapids. Mich. 

TOENSFELDT, Ralf (M 194(h Consiiltinj: Kngr„ 

• 411 Security Bldg., and 6311 Wati‘rman Ave., 
St. Ix)uis, Mo. 

TOLHURST, Georftc Clarence (M 1936) Htg. 
Draftsman, Warden King, Ltfl., Bennett St., 
Maisonneuve, Montreal, and • 142 Boulev.ird St. 
Germain, St, Laurent (nisar Montreal), One., 
Canada. 

TONE, J. E., Jr. (A 1940) Pres., Ttm<‘ .Mr Condi- 
tioning Co„ 533 Seventh St., De^ .Moines, Iowa. 

TONRY, Robert C. <A/ 1936) Mgr.. •Wiedehusch 
Plumbing & Heating Co., 51 1 I-ir.st .St., and 217 
Fairmont Ave., Fairmoirt, W. \'iu 

TOONDER, Clarence L. (M 19a3> Mnch. Fngr., 
Argonaut Div., General iMotfvrs C<»rp., C,em‘ral 
Motors Research Bldg., and ♦13391 Marlowe, 
Detroit, Mich. 

TOROK, Elmer (M 1936) Siipt. of Power. • North 
American Rayon Corp., and 20.3 M'e‘,t (J St., 
Elizabetliton, Term. 

TORR, T, W. (M 1933) (*luVi Kiigr., Rudy 
Furnace Co., and eLW) (rre<‘n St.. Dow.tKiao, 
Mich. 

TOULOUKIAN, Veram Sarkis (V 1939) Instruc- 
tor, • Massachusetts Institut)' of Teelmology. 
M.I.T. Graduate IIou.hc, t'umbrld'te, Ma sm., and 
Istanbul, Turkey. 

TOUTON, Rush I>. (M 1933) Tei h. I Hi ♦ Hayuk 
Cigars, Inc., Ninth and t‘e»lnmUi.i Ave.. Phila- 
delphia, and 024 M«mtKnrnery Sidiool I,unr, 
Wynnewood, Pa. 

TOWER, E. S. (M 1930) #213 Invi'-ament Bldg., 
and 5616 Woo<lmont St., PitmhtirKh. Pa. 

TOWLE, Philip H, (A 1942; J 193H1 Air Coml. 
Engr., •General Air (\mdltionirrg Comiuny of 
Padfre, 1233 Jay St., and 1423 1 ' St., Sjieratnento, 
Calif. 

TOWNE, Charles O. (J 1938) .Stiles Kngr., • ( dowe 
& Cowan, Inc., 401 Harrison St., and 4010 
Harrison St., Amarino, Tex. 

TRACY, William K. (J 193S) K, t\ M.dmn C«., 
231 S. LaSalle St, Chicago, ami •1K9J N, Austin 
Blvd., Oak Park, 111. 

TRAMBAUER, Charles W. (A 1941; J 1936) 
Sales Engr., •Ihiffman SpeduUy Co., WHi Fifth 
Ave., New York, and 179-17 134th Spring- 
field Gardens, L, 1., N, 

TRANE, Reuben N.* (M 1915) aThe 

Trane Co., and 208 South 15th St., UiCrosse, 
Wis. 

TRAUGOTT, Mortimer (A 1930) • Bryant Air 
Conditioning Corp., 916 N. Front St., Phila- 
delphia, and 8208 Westminster Rd., Klkinji Park, 
Pa. 

TRAYNOR, Harry S. (A PJ42; J 1937) Engr,. 
International Div., C'arrier t'orp.. S. (oxides St., 
and •621 Walnut Ave.. Syraettue, N, V. 

TREADWAY, J, Quentin (.4 1936; J 1932) DIst, 
Sales Mgr., •("uimge Fan CN»., 210 Keynoids 
Arcade, and 826 Winona Blvd., RtRhi'Htrr, N, 

TRIGGS, Fred B. (A/ I93H) Mfrs). .Vgcni, 3901 
Second St., Des Mftinm, lown, 

TROLESE, Louie C. (.1 1910) Kngn. *r,cnefal 
Air Conditioning h Hfntlng 4<H)I Piedmont 
Ave., and 367 Palm Ave,, tmkland, talif. 

TROSTEL, Otto A, (M 1936) Engr.. Stimlard 
Distributing <'o., 406 K. Wclln St., MilwaukeOr 
and • Route No. 2, TlAemvllltf, Wis, 


TROUP, John D. (A/ 1038) Managing Dir,, 
• John D. Troup, Ltd.. 90 High Ihdborn, 
I^don, W. C. L and 48 Plough Lane, Purity, 
Surrey, England. 


TRUMBO, S. M, (A 1920) Sutee Engr., • Buffalo 
Forge Co., 20 N. Wacker Dr.» (^hicaipf. and 921 
Franklin St., Downers (rn>ve, III. 
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TRZOS, Otto A. (A 1940; J 1938) Industrial Gas 
Engr,, • Consumers Power Co., 2850 Chadwick, 
Route 5, Pontiac, and Box 103. Keego Harbor, 
Mich. 

TUCKER, Frank N, (M 1920) Field Engr., Ilg 
Electric Ventilating Co., 13 Park Row, Room 11, 
New York, and •239 Whaley St., Freeport, 
h. 1., N. V. 

TUCKER, Leonard A. (M 1935) Service Sales 
Mgr., J. J. Pocock, Inc., 3 1st and Jefferson Sts., 
Philadelphia, and • 220 Buttonwood Way, 
Glensicle, Pn. 

TUCKER, Thomas Tudor 1938; A 1936) 
('hief Kngr., Armor Insulating Co., 800 Forrest 
St. N.W., and *3619 Ivy Rd. N.K., Atlanta, Ga. 
TUCKERMAN, Georfto E. (JU 1932) Mgr., 

• Anderson ('onditioning Co., COO Schuylkill 
Ave., Philadelphia, and 603 Rodman Ave., 
Jenkiutowu, Pa. 

TUMPANE, James P.. Jr. (S 1939) Student. 

• Carnegie Institute of Technology, 6029 More- 
wood PI., Pitt8t)urgh, Pa„ and Rig Flats, N. Y. 

TUPPRR, Edward B. (S 1941) Student, University 
of Minneflr)ta, and •3248 Park Ave., Minne- 
apolis, Minn. 

TURLANI), Charles II. (M 1934; A 1030) Sales 
Engr,, • R. K. Johnston Co., Ltd., 1070 Homer 
St., and 4663 w. Third Ave., Vancouver, B, C., 
Canada. 

TURNER, Edmond S. 19.39) Wm. S. Turner 
«s Co., 311 Paciftc Bldg., and 3466 Northeast 
3CtU Ave.. Portland, Ore, 

TURNO, Walter (L W. (M 1917; A 1912) Secy., 
H. W. porter Ik Co., Inc., Newark, and •TX 
Lafayette Ave., ICast Omngc, N, J. 

TUSOIl, Walter (Af 1917) Sccy., Tenney & 
Ohmes, Ino., 101 Park Ave,, New York, and 

• «8l Sterling PI., Brooklyn, N. Y. 

TimilLL, Arthur F.* (J 1040; 5 1938) Instruc- 
tor Mech. Kngrg., •The Cooper Union, Mech. 
Kngrg. I)ept„ Coriper Square, New York, and 
62 Monhigue .St., Br<»oklyn, N. Y. 

TUTSCH. Rodney J, (J 1939) Asst. P^ngr., • Iron 
Flreiuun of Milwaukee, Inc., 4607 W. Wisconsin 
Ave., and 4456 N. Oakland Ave., Milwaukee, 
Wis, 

TUrrLE, <L IL* (Af 1937; A 1930; / 3934) Htg. 
ICngr,, •The Uetrolt Edison Co., 2000 Second 
.\ve., and 16714 fCcntficld, Detroit, Mich. 
Tiri'TLE, J. Frank (AJ 1913) Sales Agent, 

• Warren Webster & Co., 127 Federal St., 
Boston, and 9 I.,ewi8 Rd., Winchester, Mass. 

TUVE, <;eoriie L.* (W 1932), (Council, 1930-41) 
Prof, of Heat Power Engrg., •Case School of 
Applied Science, 10900 Euclid Ave.* Cleveland, 
and 2510 Newbury Dr„ Cleveland Heights, Ohio. 
TUXHORN, Davidf B. (M 1986) Mgr.. The York 
Heat 6c Fuel Co., 936 Shoreliam Bldg., and 

• 4863 Sedgwick St. N.W., Washington, D. C. 
TWIST, C. F. (M 1921) Pres., • Ashwell-Twiat 

Co., 967 Thomas St., and 2310 Tenth Ave. N., 
Seiittle, Wash. 

WIZELL, Edwin W. (AJ 1937) Partner. •Con- 
nolly & TwineU Reg'd., 1405 Bishop St., Mont^ 
real, and 22 Merton Crescent, Hampstead, Que., 
C'anadu. 

TYLER, Roy X>. (M 1928) Partner, • R. D. Tyler 
& Son, 101 Park Ave., Room 1734, New York, 
N. V., and 5 FerrU Dr., Old Greenwich, Conn. 

U 

UHL, Edwin J. CM 1926) Partner, • Uhl Co., 132 
S, Tenth St„ and 4830 Pleasant Ave, S., Minne- 
Minn. 

Ufa,, W. F. (M 1918) •Uhl Co,. 132 S. Tenth 
St., and 4716 Lyndule Ave. S., Minneapolis, 
Minn. 

UHLHORN, W. J. {M 1920) 733 S. Highland Ave., 
Oak Park, 111. 

ULLRICH, Anton B., Jr, (/ 1937) Sales Engr.. 

• Gilbert Engineering Co., 1305 iJborty Bank 
Bldg,, and 715 Lipscomb St., Dallaa, Tex, 

UPSON* Walter L. (M 1038) Dir, of RoHearch, 

• The Torrington Manufacturing CVt.. Tor- 
ringtim, and Litchfield, Conn, 


URBAN, Frank F. (A 1939) Vice-Pres., Urban 
Plumbing & Heating Co., 1216 S.W, Fifth Ave., 
and • 6726 S.W. Burlingame Ave., Portland, Ore. 
URDAHL, Thomas H. (M 1930), (Council. 1940- 
41) Consulting Engr., •726 Jackson PI. N.W.; 
Lt. Comdr. E-V (s) U. S. N. R. Bureau of Ships, 
Navy Dept., Room 3333, and 1505-44 th St. 
N.W., Washington, D. C. 

V 


VALE, Henry A. L. (M 1929) Managing Dir., 

• Vale Company, Ltd., 141-143 Armagh St., 
Christchurch, and 203 Liam Rd„ Fendalton, 
Christchurch, New Zealand. 

VAN ALSBURG, Jerold H,* (M 1931) &iles 
Engr., Hart & Cooley Manufacturing Co., 61 
W. Kenzie St., Chidgo, 111., and •48 Clinton 
St., Westfield, N. Y. 

VANCE, Louis G. (M 1919) Mfrs. Agent, 15 East 
21st St., and *4402 Maine Ave., Forest Park, 
Baltimore, Md. 

VANDERHOOF, Austin L. (A 1933) Dist. Repr., 

• Warren Webster & Co., Room 233, Hanna 
Bldg., Cleveland, and 2782 Landon Rd., Sliaker 
Heights, Ohio. 

VAN NOUnUYS, Herbert C. (A 1042; J 1937) 
Engr., Southeastern Pipe Line Co., 714 Forsyth 
Bldg., and •685 Argonne Ave. N.E., Apt. 4, 
Atlanta, Ga. 

VAN WYNGARDEN* J. E, (A 1940) Owner, 

• Day Heating Co., 330 N. Commercial St., 
and 94.') N. Church St., Salem, Ore. 

VAUGHAN, John G., Jr. (A 1942; J 1035) 
Housing Management Adviser, •U. S. Housing 
Authority, Washington, D. C., and 14 Tauxe- 
mont Rd., R. F. D. 1, Alcucandrla. Va. 
VAUGHAN, Lillian Lee (M 1938) Prof, of Mech. 
Engrg., Head of Dept., • North Carolina State 
College, and 11 Enterprise St., l^leigh, N. C. 
VAUGHN, Frank R. (Af 1938; A 1930) Vice- 
Prcfl., •Green Colonial Furnace Co., and 632 
Polk Blvd., Des Moines, Iowa. 

VEGLERY, Alexander (A 1939) Kngr. in Ship- 
ping Dept,, • Socony-Vacuum Oil Co„ Inc., 
P, O. Box 660, and Dirhem sokak. No. 11, 
Yenikoy, Bogazid, Istanbul, Turkey. 

VERNON, Rex, (M 1928: A 1926) Mgr., Sales 
Promotion and Advertising, • Johnson Service 
Co., 1365 Washington Blvd., Chicago, and 733 
Brummel St., Evanston, 111. 

VERVOORT* Edward L. (7 1937; 5 1930) Htg. 
Supvr., • Brooklyn Union Gas Co., 180 Remsen 
St., Brooklyn, and 49 Arizona Ave., Rockville 
Centre. L. L, N. Y. 

VETLESEN, G. Unfter (AX 1930) 1 Beekmaa PL, 
New York. N. Y. 

VINCENT, Paul J. (M 1931) Owner, ePaul J. 
Vincent Co., 2208 Maryland Ave., and 202 St. 
Martins Rd., Baltimore, Md. 

VIDALE* Richard (AX 1936) Mech. Engr., 

• Flesch k Schmitt, Inc., 118 Brown St.* and 
92 Harding Rd., Rochester, N. Y. 

VINSON, Noal L. (7 1930; S 1932) Engr., EsU- 
mator und Partner, • L. w. Vinstm & Son, Box 
3007, LoweU, and OOO Arizona St., Wurren, Ariz. 
VIRRILL, Goorao A. (A 1940) Chief Kngr., The 
University Club, 1-3 West 64th vSt„ New York, 
and' •345 Washington Ave., New Rochelle, 
N. Y. 

VISSAC, Gustavo A* (AX 1937) Consulting Engr*, 
1475 W. King Edwait^ Ave., Vancouver, B. C.. 
Canada. 

VIVARITAS, E. Arnold (L»A AXmAer, AX 1910) 
Mech. Engr., 164 Maine Ave. W., New Brighton, 
S. L, N, Y. 

VOISINET, Walter K. (AX 1030) Mfrs. Repr,, 

• Air Conditioning Specialties, 250 Delaware 
Ave., Buffalo, and 161 Wurren Ave., Kenmore, 
N. Y. 

VOLK, George H, (7 1942; .9 1940) Htg. and Vtg. 
Kngr., Thomas K. Hoye Heating Co., 1906 
W, vSt. Paul Ave., and •University of Wls- 
consin, 2905 South 43rd St., Milwaukee, Wis, 
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VOLK, Joseph H. {M 1923) Pres, and Tieas.. 

• Thos. E. Hoye Heating Co., 1906 W. St. Paul 
Ave., and 2966 South 43rd St., Milwaukee, Wis. 

VOLKHARDT, Aquila N. (M 1938) Owner, 

• A. N. Volkhardt, 942 Bay St., and 104 Town- 
send Ave., Staten Island, N. Y. 

VOLLMANN, Carl W. (M 1938) Pres., Gen. Mgr., 

• Linde Canadian Refrigeration Co., 355 St. 
Peter St., Montreal, and 617 Roslyn Ave., 
Westmount, Que., Canada. 

vonROSBNBERG, Paul G. (J 1939) Sales Engr., 

• Allegheny Engineering Co., 248 Fourth Ave., 
and 1930 Wightman St., Pittsburgh, Pa. 

VOORHEES, Guy A. (M 1922) Mgr., •Furblo 
Co., and P. O. Box 63, Hermansville, Mich. 
VOSS, Walter W. (A 1938) Research Engr., 
Cardox Corp., 307 N. Michigan Ave., and 

• 5646 Glenwood Ave., Chicago, 111. 

VROOME, Albert E. (M 1932) Air Cond. Engr., 

• EbaSco Services, Inc., 2 Rector St., New York, 
and 6218 Amboy Rd., Prince Bay. Staten 
Island, N. Y. 

W 


WACHS, Louis J. (A 1936; J 1930) Sales Engr., 
Carrier Corp., 406 Lexington Ave., New York, 
and • 1820 Cortelyou Rd., Brooklyn, N. Y. 
WADSWORTH, Raymond H. (J 1237) Air Cond. 
Sales Engr., • Oarage Fan Co., 500 Fifth Ave., 
New York, N. Y., and 112 Summit St.. East 
Orange, N. J. 

WAECHTER, Herman P. (A 1930; J 1927) Mech. 
Engr., United Merchants & Manufacturers 
Management Corp., 601 West 26th St., New 
York, and eSS McClean Ave., Staten Island, 
N. Y. 

WAGGONER, Jack H. {M 1937) Product Control 
Supvr., Owens-Coming Fiberglas Corp., and 

• 214 Rugg Ave., Newark, Ohio. 

WAGNER, toe KeUer (M 1938) Sales Engr., 
' • The Powers Regulator Co., 2240 N. Broad St., 

Philadelphia, and 312 Myrtle Ave., Cheltenham, 
Pa. 

WAGNER, Edward A, {M 193^ A 1936) Pres., 
Wagner Engineering Corp., 22 Dunham St., and 

• 28 Waveily St., Pittsfield, Mass. 

WAHLIN, Bernard J. (A 1941) Dist. Repr., 

General Electric Co., 140 Federal St., Boston, 
and • 18 Stoneleigh Rd., West Newton, Mass. 
WAHRBNBROCK, O. K. (A 1939; J 1936) 
Lt. U. S. N. R., Office of Inspector of Naval 
Materials, 600 Bryant St., San Francisco, and 

• 7618 Ney Ave., Oakland, C^if. 

WAID, Glen H. (A 1930) Dist. Sales Mgr., 
Scott Valve Manufacturing Co., 3963 McKinley 
Ave., and 2928 Northwestern Ave., Detroit, 
Mich. 

WALDEN, H. Kenneth (A 1942; J 1989) Corp. 
Secy., Haydn Myer Co., Inc., 2224 Comer 
Bldg., and • 512 Sixth St. S.W., Birmingham, Ala. 
WALDON, Charles Denchfield (A 1932) Con- 
sulting Engr., Spencer Foundry Co., Penetang, 
and • 32 Femdale Ave., Toronto, Ont., Canada, 
WALDREP. James E. (7 1939) Mech. Engr., 
J. E. Simne & Co., P. O. Box 060, and •127 
Mount Vista Ave., Greenville, S. C. 
WALFORD, Leslie C. A. (Af 1988) Ins^Ing 
Officer, British Purchasing Commission, Inspec- 
tion Dept., 15 Broad St., New York, N. Y. 
WALKER, Edmund R. (M 193^ Asst. Gen. 
Mgr., •Fedders Manufacturing Co., 57 Tona- 
wanda St., Buffalo, and 365 McKinley Ave., 
Kenmore, N. Y. 

WALKER, 'J. Herbert* (M 1916) (2nd Vice-Pres,, 
1941; Council, 1925; 19S&41) Engr. Asst, to 
Gen. Mgr., •The Detroit Edison Co., 2000 
Second Ave., Detroit, and 432 Arlington Rd., 
Birmingham, Mich. 

WALKER, Wythe F* (A 1941) Htg. Engr.. Payne 


Furnace & Suppl 
•3637 Sixth Ave., 


4 1941) Htg. Engr.. Payne 
Co., Beverly Hills, and 
8 Angeles, Calif, 


WALLACE, George J. 1923) Principal Engr. 
and Contr., 96-X9-36th Ave., Corona, and 
• 27-36 Ericsson St., East Elmhurst, L. L, N, Y. 


WALLACE, William M., II (A/ 1029) Consulting 
Engr., • 111 N. Corcoran St., and 2C03 Highland 
Ave., Durham, N. C. 

WALLIS, Walter M. (A 1940) 11225 Tenth Ave. 
S.W.. Seattle, Wash. 

WALSH, Edward R., Jr. (M 1936; A 1935) 
Natl. Supvr. Htg. and Air Cond., York Ice 
Machinery Corp., and eWyndham Hills, 
York, Pa. 

WALSH, James A. (A 1932; J 1929) Pres., • Air 
Conditioning Co., 3215 McKinney Ave., and 513 
Branard St„ Houston. Tex. 

WALTERS, Arthur L. (M 1026; A 1925; J 1924) 
Chief Engr., • Green Colonial Furnace Co.. 
322 S.W. Third St., and 000-29th St„ Dcs 
Moines, Iowa. 

WALTERS, William T. (M 1037) F.ngr., Illinois 
Engineering Co., 2l8t St. and Racine Ave,, and 

• 12747 Wallace St., Chicago, 111. 
WALTBRTHUM, John J. (.1 1922) Hte. and 

Vtg. Contr., 212 East 58th St., New York, N, Y.. 
and •4214 Van Reipen Ave., Jersey C*ity. N. J. 
WALTON, Charles W., Jr. (M J934) 

Engr., Rockefeller Centre, Inc., 50 Rockefeller 
Plaza, New York, N. Y., and • 120 Monte Vista 
Ave., Ridgewood, N. J. 

WALZ, Chester 1). (A 1939) Mech. an<I Flw. 
Engr., 2835 Gilroy St., Los Angela, and *709- 
26th St., Santa Monica, Calif. 

WALZ, George R. (A 1940; J 1937) Sales Engr.. 

• Minncapolis-Honcywell Keguhtor Co., 1101 
Vermont Ave. N.W., Washington, H. and 
1808 Queens Lane, Apt. 209, Arlington, Va, 

WARD, Frank Jamea (Af 19,35) Owner, • Frank 
J. Ward Co., 237 W. Court St., Cinditnati, Ohio, 
and Cold Spring, Ky. 

WARD, Harry H. (A 1937) 2120-lOth St. N.VV., 
Alexandria, Va. 

WARD, O. G. (M 1910) Vice-Pres., ♦Jtdinson 
Service Co., 1355 Washington Blvd.. Chicigo, 
and 1345 Ashland Ave., Wilmette, 111. 

WARDELL, Arthur (M 1936) Am. Puf{. of 
Engrg. Drawing, University of Tnri>ntn, and 

• 124 Melrose Ave., Toronto, Ont., (*an«ida, 

WARE, John IL, lU 1937) Vice-Pres., 

• Citizens Gas & Fuel th>„ (>xb»rd <*»i„ 
Vice-Pres., Gas Oil Products, Ine., 45 S, Third 
St., and "The Woods," Oxford, Pa, 

WARING, J. M. S, (M 19,32) Faculty of Fordlutm 
University, add •277 Park Ave,. New York, 
N. Y. 

WARNER, Cecil F.* (J 1941) Instructor in Mech. 
Engrg,, •Lehigh University, Bethlehem, and 
460 Hanover Ave.» AIlentt»wn, Pn. 

WARREN, F. C. (M 1034) Office Mgr.. •.Ameri- 
can Blower Corp., 200 N. Division Ave., and 320 
Gladstone Ave. S.E., Grand Rapfds. Mich, 
WARREN, Hugh P, (.V 1940} Lab. Asst.. •Mag- 
nolia Petroleum Co., Magnolia Field ReHcarch 
Dept., 1920 McKinney St.. l>Hllas. and 2309 
Asten, Fort Worth, Texas. 

WARREN, Robert M., Jr. {J 1938) (*hlef Knitr,. 

• c/o Page-Wntiamson, Inc., 328 W. First St., 
and 622 Fenton Place, Charlotte, N. 

WASHINGTON, Laurence W. C.U 1929) Dist. 
Mgr., •The Powers Regulator Co., 702 Ameri- 
can Bldg., and 1627 Northwood Drive, Cincin- 
nati, Ohio, 

WASSER, Mutiny 1938) Htg.. Vtg, and Air 
Cond., Vuslle Lascar 8 et IL llucluircMt. Rou- 
mania. 

WASSON, Robert A. 1938) Knstern Diet. 
Mgr., •Clawgc Fan Co., 500 Fifth Ave,, New 
York, and 18 willow St., Brooklyn, N. Y, 
WATERFALL. Wallitce (.H 194!) •The Olottx 
****^ CoUnx 

WATERMAN*. John Howard (M 1931) Engr., 
Charles T. Main, Inc., 201 Devonshire 
Boston, Maas. 

WATERS, G. C. (M 1931; A I92ft) Diet. Mgr., 
•American Blower Corp., 1841 Oliver Bidg.. 
Pittsburgh, and 110 Longuevuc Drive, Plits- 
burgh, (16), Pa. 
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WATKINS, George B. (A 1936) Dir. of Research, 

♦ Libbey-Owens Ford Glass Co., 1701 E. Broad- 
way, Technical Bldg., and 4941 Rolanddale Rd., 
P.O. Box 217-C, R.R.8, Toledo, Ohio. 

WATSON, Gerald M. (S 1941) Student, Iowa 
State College, and • 251 N. Hyland, Ames, Iowa. 
WATSON, Kenneth W. • (A 1939) Mgr. of Htg. 
Dept., Crane Co., 710 Northwest 14th Ave., and 

♦ 11012 N.E. Prescott St., Portland, Ore. 
WATT, Richard Morgan, Jr. (H 1939) Comdr., 

♦ U. S. Navy, Bureau of Ships, 3333 Navy Dept,, 
Washington, D. C., and 2328 S. Nash St., Arling- 
ton, Va. 

WAT'r, Robert D. (7 1937) Pres., Electrol Oil 
Burner Coip., Aurora at Mercer, and #3617 
47th N.K., Seattle, Wash. 

WAITS, Albert E. (.4 1037) Mgr., A. E. Watts, 
037 Cxaig St. W., and #2347 Beaconsfield Ave., 
N.D.G., Montreal, Cue., Canada. 

WAUDBY, Walter (A/ 1038) Engr., American 
Radiator Co., 149 Blvd. Haussmann, Paris, 
and ♦ 20 Rue cle la Tourellc, Boulogne sur Seme, 
France. 

WAY, William J., II U 1041) Partner, Way 
Engineering Co.. 1901 Caroline St., and #2321 
Drydcn Ave., Houston. Te.x. 

WAYLAND, Clarke E. (A 1937) Vice-Pres. in 
Charge of Sales, ♦Western Asbestos Co., 075 
Townsend St., and 42 Allston Way, San Fran- 
cisco, C'alif. 

WEARANGA, Robert R. (J 1942; 5 1041) Engr,, 
American Blower Corp., Ifith St. and Penn Blvd., 
Phihid<*lphia, and ♦ 122 Upland Terrace, Bala, 
Pa. 


WEATIIERBY, Edward P., Jr. (J 1930; S 1935) 
Air Cond. Engr,, North Texas llardwzire Co., 
and ^2223 Wilbargur St., \'’ernon, Tex.. 
WEAVER, J. V. O. (Af 1940) Major, Air Corps., 

♦ Production Engrg. Section, Materiel Div., 
Wright Field, Dayton, and 321 Lon.sdale, Oak- 
wood, Dayton, Ohio. 

WEBB, Ernest C.* (M 1935) Engrg. Service Mgr,, 

♦ iron Fireman Manufacturing Co., 3170 West 
lOOth St., C’leveland, and 24721 West Lake Rd., 
Bay Village, Ohio. 

WEBB, John W. (A/ 1020) Managing Dir,, 

♦ Webb Dust Removing & Drying Co., Vinery 
Works, Town Lane, Denton, N. Manchester, 
and “Kbor," Brinnington, Stockport, England. 

WEBBER, Charles H. (.1 1940) Sales Engr., 

♦ Pacific Scientific Co., 1430 Grande Vista Ave., 
Lob Angeles, and 1170 Mt, Lowe Drive, Altadcna, 
Calif. 

WEBER, Erwin L. (MT 1921) Consulting Engr.. 

534 M<Klicjd Arts Bldg., Seattle, Wash. 

WEBER, Eoftone F„ Jr. (A 1940; J 1037) Sales 
ICngr., York Ice Machinery Corp., 117 South 
nth St„ St. Louis, and ♦007 Forest Court, 
('lavton, Mo. 

WEBSTER, Chester O. (A 1940) Pres., ejohn 
Iltinkln & Brother, 6 (Uiurch St„ New York, and 
Box 102, Piermont, N. Y. 

WKBSl’ER, E. Kessler (A/ 1015) Secy.-AKHt. Gen. 
Mgr., ♦ Warren Webster & C'o., 17th and Federal 
Stn„ Camden, and First and Kings Highway, 
Huddon Heigh tn, N. J. 

WEBSTER, Warren, Jr. (Af 1032; / 1927) Pres.- 
TreuH., ♦ Warren Webster & (^o., 1025 Federal 
St., t'amden, and 108 C'olonlal Ridge Drive, 
Hnddonfield, N. J. 

WECHSBRR<i, Otto (Af 1932) Pre8.-<'ren. Mgr., 

♦ (*oppUM Engineering (^orp,, 344 Park Ave., 
and 2ff I.cnox St., Worcester, Mass. 

WEDDELL, <;eorfte <>, (A/ 1930) Branch Mgr., 
Yf)rk Icc Machinery Corp., 2400 Carson St., 
l*itt«burgh, and #3114 Walnbill Ave., Dormont, 
PittsbtJrgh, Pa. 

WEEKES, Roy W. (A/ 1941) Gaa Htg. Engr,. 
Iowa City Light ik Power Co., and ^731 Rundell 
vSt., Inwji ('ity, lowii, 

WKCiMANN, Albert (V/ 1918) Owner, A. Weg- 
mann Co., 2811-13 W, FU‘tcher St., and #0206 


North 17tli St., Philadelphia, Pa. 

WEID, Harry L. iJ 1942; .V 1938) Test Engr., 
Hynes Electric Heating <' 0 ., 240 C!h«irry St„ 
Philadelphia, Pa„ and ♦ Blackwood, N, J. 


WEIL, F. H. Eugene (A 1938) Sales Engr., 
Young Radiator Co., Racine, and ♦2515 North 
59th St., Milwaukee, Wis. 

WEIL, Leo S. (M 1940) Consulting Engr., ♦ Leo S. 
Weil & Walter B. Moses, 425 S. Peters St., and 
478 Broadway, New Orleans, La. 

WEIL, Martin (A 1925) Vice-Pres., ♦Weil- 
McLain Co., 641 W. Lake St., and 4259 Hazel 
St., Chicago, 111. 

WEIMER, Fred G. (A 1919) Office Mgr., eKe- 
wanee Boiler Corp., 312 E. Wisconsin Ave., 
Room 503, and 3958 N. Stowell Ave., Milwaukee, 
Wis. 

WEINERT, Fred C. (A 1937) Sales Promotion 
Mgr., ♦Chamberlin Metal Weather Strip Co., 
Inc., 1254 Labrossc St , Detroit, and 9909 
Auburndale Ave., Route No. 4, Plymouth, Mich, 

WEINSHANK, Theodore'^' (Life Uentber; M 
1906) (Board of Governors, 1913) Consulting 
Engrg., 2419 Kimball. Chicago, 111. 

WEISS, Arthur P. (M 1928) Burnham Boiler 
Corp., Irvington, and ♦134 Farrington Ave., 
North Tarrytown, N. Y. 

WEISS, Carl A. (M 1936; A 1924) Vice-Pres., 
♦ Kornbrodt Kornice Co., 1811 Troost Ave., and 
29 East 68th St., Kansas City, Mo. 

WEISS, Walter G. (A 1942; / 1940) Engr., ♦ St. 
Louis Furnace Manufacturing Co., 2901 Elliot 
Ave., and 4571 Clarence Ave., St. Louis, Mo, 

WEISSBLATT, Norman (5 1938) Student, New 
York Technical Institute, 108 Fifth Ave., New 
York, and ♦1435-53rd St., Brooklyn, N. Y. 


WEITZEL, Cameron B. (M 1936) Owner and 
Operator, 122 E. High St., Manheim, Pa. 

WEITZEL, Paul H. (J 1936; S 1934) Draftsman- 
Air Cond., Railcar Engrg. Dept., Edward G. 
Budd Manufacturing Co., Piiiladclphia, and 
♦ 335 College Ave., Lancaster, Pa. 

WELCH, Louis A., Jr. (A 1929) Owner, ♦^Welch 
Bros., 443 Second St., and 2001 Campbell Ave., 
Schenectady, N. Y. 

WELDY, Lloyd (M 1930) Dist. Mgr.. ♦The 
Powers Regulator Co., 2341 Carnegie Ave., 
Cleveland, and 19023 Laurel Ave., Rocky River, 


Ohio. 


WELLER, Albert K. (A 1939) ♦1231 N.W. Hoyt 
St., and 3827 N.E. Davis St., Portland, Ore. 

WELLS, Donald E. (M 1942) Sales Repr., Glove 
Machinery & Supply Co., Dos Moines, and ♦ 114 
Fourth N.W., Box 318, Mason City, Iowa. 

WELLS, Earl P.* (M 1938) Sales Engr., Gay 
Engineering Corp., 2730 East 11th wSt., Los 
Angeles, and ♦IISS Graynold Ave., Glendale, 
Calif. 


WELLS, Edward E. (A/ 1043) Gen. Engrg. Dept., 
Aluminum Company of Canada, 620 Sun Life 
Bldg., and ^4274 Westhill Ave., Montreal, 
Que., Canada. 

WELLS, WllUam F * (Af 1939) Dir. Lab. for 
Study of Air-Borne Infectii>n, ♦University of 
Pennsylvania, Medical School, Philadelphia, and 
112 Pine Ridge Rd., Media, Pa. 

WENDT, Fxltlar F. (A/ 1918) Pres,, ♦Buffalo 
Forgo Co., 490 Broadway, and 120 Lincoln 
Pkwy., Buffalo, N. Y. 

WENDT, IL (A 1942; J 1930) Engr., 

♦f ), A. Wendt Co., 2124 N. Sotithport Ave., and 
4728 N. Lawndale Ave., Chicago, III. 

WERKER, Herwart (A/ 1939) Engr., American 
Radiator & Standard Sanitary Corp., Institute of 
Thenxud Resfjarch, 675 Bronx River Rd., and 

♦ 38 Loriiig Ave., Yonkers, N. Y. 

WERNER, John G. (M 1937) S:il<‘s Engr.. Bryant 

Air Conditioning Corp., 1020 K St. N.W., and 

♦ 4512 49th St. N.W., Washington, D. C. 
WERNER, Philip IL (A 1941; J 1930) Branch 

Sales Mgr,, ♦ Hurber-Colman 914 N. Broad- 
way, and 2967 North 78th St., Milwaukee, Wis. 
WERNER, Richard K. (Af 1930) Consulting 
Mech, Engr., ♦JIO W. T, Waggoner Bldg., and 
Jacksboro Highway, F'ort Worth, Tex, 
WESLEY, Ray O, (A 1937) ♦ U. S, Radiator 
C'orp., 334 Boren Ave. N., Sciitlle, and Yarrow 
Point, Hellevius Wasli. 
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WEST, C. H., Jr. (A 1941) Vice-Pres., •Masaey, 
Wood & West, Inc., Lombardy Underpass, and 
1602 Confederate Ave., Richmond, Va. 

WEST, Perry* {M 1911) (Treas., 1924-26; Council, 
1920-25) Prof, of Steam Power Engrg., Head of 
Mech. Engrg. Dept., • College of Engineering, 
University of Kentucky, and 186 E. Maxwell 
St., Lexington, Ky, 

WESTENDARP, Francisco G. (M 1939) Engr., 

• Guinard Freres Sues. Dept., Tecnico Apartado 
668, Caracas, Venezuela. 

WESTOVER, Wendell (M 1936) Pres., eWeat- 
over-Wolfe, Inc., 170 Washington Ave., and 264 
Lenox Ave., Albany, N. Y. 

WESTPHAL, N. E. U 1940: 5 1937) Ensign, 
U. S. M. R., •“B" Div. Officer, U.S.S. Helena, 
c/o Postmaster, San Pedro, Calif., and Long 
Beach, Michigan City, Ind. 

WETHERED, Woodworth {M 1938) The 
Bohemian Club, San Francisco, Calif. 
WET2ELL, Horace E. {M 1934) Vice-Pres. and 
Chief Engr., eThe Smith & Oby Co., 6107 
Carnegie Ave., Cleveland, and 21144 Aberdeen 
Rd., Rocky River, Ohio. 

WHEELER, Charles A. (Af 1941) Branch Mgr., 

• Johnson Service Co., 611 Fifth Ave., and 
49th St. Place, Des Moines, Iowa. 

WHEELER, Joe, Jr. (M 1938) Sales Repr., 

• Johnson Service Co., 28 East 29th St., New 
York, and 261 Dogwood Lane, Manhasset, L. I., 
N. Y. 


WHELAN, William J. (M 1923) Estimating, 

• Harrigan & Reid Co., 1366 Bagley Ave., and 
3790 Seminole Ave., Detroit, Mich. 

WHELLER, Harry S. (M 1916) Vice-Pres., • L. J. 
Wing Manufacturing Co., 164 West 14th St., 
New York, N. Y., and 726 Union Ave., Eliza- 
beth. N. J. 

WHITE, Elmer D. (A 1939; J 1937) 2705 Dar 
Hills Ave., Dayton, Ohio. 

WHITE, Elwood S. {M 1921) Pres., #0. S. 
Radiator Corp„ 1056 National Bank Bldg., 
Detroit, Mich., and Meadowbank Rd., Old 
Greenwich, Conn. 

WHITE, Eugene B. (M 1934) Exec. Secy., 

• Architectural and Engineering Bureau, Young 
Men’s Christian Assn., 19 S. La^Ie St., Chicago, 
and 309 N. Taylor Ave., Oak Park, 111. 

WHITE, Harry S. (A 1936) Mgr., •Acme Sheet 
^ Metal Co., 5301 E. Ninth, and 6806 Edgevale 
Rd., Kansas City, Mo. 

WHI'IE, John C, (M 1932) State Power Plant 
En^., •State Bureau of Engineering, 624 E. 
Main St., and 622 E. Main St., Madison, Wis. 
WHITE, Taylor G., Jr, (A 1938) Branch Mgr., 
U.S. Radiator Corp., 709 Ashland, Louisville, Ky. 
WHITE, Thomas J. (A 1941; J 1938) Sales Engr., 

• American Blower Corp., 626 Market St., Sa,n 
Francisco, and 2340 Pelham Place, Piedmont 
Pines, Oakland, Calif. 

WHITE, W. Emery (Af 1941) • The Smith-White 
Co., Commerce Bldg., and 1416 East 76th Ter- 
race, Kansas City, Mo. 

WHITE, W. R. (Af 1938; A 1936) Industrial Engr., 
Power Co., 718 Electric Bldg., and 
4916 Grand Ave., Omaha, Nebr. 

WHITELAW, H. Leigh (M 1916) Jones & l^ugh- 
Im Steel Corp., Third and Ross, and •Schenley 
Apts., Pittsburgh, Pa. 

WHITMER, Robert P. (Af 1935) Secy., •Ameri- 
can Foundry & Furnace Co., and 1402 E. Wash- 
infiion St., Bloomington, 111. 

WHITNEY, C. W. CAT 1936) Pres., eABC Oil 
Burner & Engineering Co., 2012-14 Chestnut St., 
Philadelphia, and Sevilla Court, Apt. F-3, Bala- 
Cynwyd. Pa. 

WHITT, Sidney A. (A 1938; J 1937) Sr. Design 
Engr., Fedders Manufacturing Co., Inc., 67 
T|0:^’^nda St., and • 12 Inwood Place, Bul^o, 

WHirrAKER, Wayne K. (A 1935) Engr., 
Irving Trust Co. Bldg., 1 Wall St., New York, 
„ and# 119-23 226th St., St. Albans, L. I„ N, Y. 
WHITTEN, H. E. (M 1924) Pres.-Treas.. H. E. 
Whitten Co., 9 Federal Court. Boston, and m5Q 
Highland Rd., Somerville, Mass. 


WHITTLESEY, Welsh C. (Af 1941) Engr, (Naval 
Archt.), Navy Dept., Washington, D. C., and 

• 1500 S. Barton St., Arlington, Va. 
WIDDOWFIELD, A. S. (A 1941; J 1937) Sales 

Engr., The Mercoid Corp., 4201 Belmont Ave., 
Chicago, 111., and • 535 Hanna St., Birmingham. 
Mich. 

WIDMER, Walter J. (A 1939) Secy.-Treaa., 

• Widmer Plumbing & Heating Co., Inc., 34 
N.E. Seventh Ave., and 1565 N. .Shaver St., 
Portland, Ore. 

WIEGNER, Heniy B. (M 1919) Office Mgr., 
Johnson Service Co., 20 Winchester St., Boston, 
and • 143 Standiah Rd., Watertown, Mass. 
WIESNER, Blaine K. (S 1939) Student, Purdue 
University, and • 931 Sixth St„ West Lafayette, 
Ind. 


WIGGS, G. Lome (Af 1036; A 1032; J 1024) 
(Council, 1938-40) Consulting Engr., *714 Uni- 
versity Tower Bldg., and 4797 Grosvenor Ave., 
Montreal, Que., Canada. 

WILCOX, Chester M, (A 1939) Engr., 3118 Mt. 
Pleasant St. N.W., Washington, D, C, 

WILDE, Ray S. M. (M 1016) Consulting Engr., 
18286 Griggs, Detroit, Mich. 

WILDER, Edward L. (Af 1016) Industrial Pro- 
motion Engr., • Rochester Gas & Electric Corp., 
89 East Ave., and 369 Bonnie Brae Ave., Roches- 
ter, N. Y. 

WILDER, Herbert P. (M 1938) .Sales ICngr.. 
• Patterson-Kelley Co., 101 Park Ave., New 
York, and Ardsley Rd., Scarsdale, N. Y. 

WILDMAN, Eugene L, (A 1042; J 1939) N. Y. 
Repr., Stewart A. Jellctt Co., 1328 Broadway, 
New York, N. Y., and *122 N. Walnut St., 
East Orange, N. J. 

WILEY, Donald C.* (A 1939;/ 1036) Production 
Mgr., ejohn J. Nesbitt, Inc., Stiite Rd. and 
Rhawn St., Philadelphia, and Kelvin Ave., 
Somerton, Pa. 

WILHELM, Joseph E. (J 1936; S 1934) Parch. 
Agent, Avery Engineering Co., 1906 Euclid Ave., 
Cleveland, and ^294 East 196th St., Euclid, 
Ohio. 


WILKES, Gordon B.* (Af 1937) Prof, of Heat 
Engrg., •Massachusetts Institute of Tcchnolo- 

g /, Cambridge, and 61 Everett St., Newton 
entre, Mass. 

WILKINSON, Arthur (A 1936) Wilkinson Engi- 
neering Agencies, 1263 McGill College Ave., 
Montreal, Que., Canada. 

WILKINSON, P, J. 1933) Mgr., Central 
Engrg. Service, Montgomery Ward Sc t.'o,, 
Chicago Ave. and Larabec St., C'hicago, and 
• 18267 Martin Ave,. Homewood, 111. 
WILLARD, Arthur C,* (Af 1914) {Pmidtniial 
Member) (Pres., 1928; Ist Vice-Pres., 1927; 
2nd Vice-Pres., 1926; Council, 1926-29) Pres,. 
• University of IlUnois, 366 Administration 
Bldg., and 711 Florida Ave., Urbana, HI. 
WILLEY, C. (Af 1934) Asst. Prof, «f Mech. 
Engrg^,, Oregon State CoUege, and ♦121 North 
29th St., Corvallis, Ore. 

WILLIAMS, Allen W* {lAfe Member i A 1916) 
Secy,-Trea8., •Natioiwd Warm Air Register 
Manufacturers Institute, Room 808, 6 K. Long 
SL, Columbus, and 61 Meadow Park, Bexley, 
Ohio. 

WILLIAMS, Chester D, (Af 1938) Mgr,, •<;en- 
enal Air Conditioning & HeitUng Crf,, -KX)! Pied- 
mont Ave., Oakland, and 2709 CoUege Ave., 
Berkeley, Calif. 

WILLIAMS, Donald D. (.4 1940; J 1938) Induih 
^al Gas Engr., • lowa-Nebruska Llglit 6c Power 
Lincoln, Nebr, 


1^39) Sales Repr., 

4028 Egbert Ave., Cincinnati, OWo. 
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WILLIAMS, Gordon S. (A 1941; / 1937; S 1930) 
Partner, AuKur-Williams Co., 15 Chapel St.. 
Woodmont, Conn. 

WILLIAMS, H. Edmund (J 1939) Engr., Justin 
C. O'Brien Co., Inc., 734 Lexin^on Ave., and 

• 14 West 103rd St., New York, N. Y. 
WILLIAMS, J. Walter (M 1915) Pres.-Treas.. 

• Forest City Plumbing Co., 332 E. State St., 
and 923 E. wState St., Ithaca, N. Y. 


WISE, Mason W. (M 1923) Owner, M. W. Wise 
Co., “Lakewood," and #1656 Melrose Drive 
S.W., Atlanta, Ga. 

WISER, C. E. (A 1941) Dist. Mgr., aMinne- 
apolis-Honeywell Regulator Co., 3023 Farnara 
St., and 6312 Florence Blvd., Omaha, Nebr. 

WITHERIDGE, David E. (J 1936) Sales Engr., 
W. A. Witheridge Co., 2340 Mershon St., Sagi- 
naw, Mich. 


WILLIAMS, Lyle G. (M 1939) Plbg. and Htg.. 

• Crane Co., and 6555 33rd Ave. N.E„ Seattle, 
Wash. 

WILLIS, Leonard L. (J 1936; 5 1935) Vice-Pres., 
H. Conrad Manufacturing Co., 509 First Ave. 
N,K„ and *4525 Bryant Ave. S., Minneapolis, 
Minn. 

WILLNER, Ira (M 1937) Pres., • Willner Heating 
Co., Inc., 415 Lexington Ave., and 125 East 93rd 
St., New York, N. Y. 

WILLS, Fred W. (J 1938) Sales Engr., Tuttle & 
Bailey, Inc., 01 W. Kinrie St., and •2257 W. 
Addison St., Chicago, III. 

WILLSON, Frank J. (M 1941) Vice-Pres., 

• Staynew Filter Corp., 25 Leighton Ave., and 
2219 WestfaU Rd., Rochester, N. Y. 

WILMOT, Charles S. (M 1919) 436 Haverford 
Ave., Narberth, Pa. 

WILSON, Alexander M. (7 1942; S 1939) Engr., 
Andrew Wilson Co., 616 Ksse-x St., Lawrence, and 

• 13 Third St., North Andover, Mass. 

WILSON, Eric D. (M 1936) Sales Engr., • Carrier 

Engineering Co., Ltd., 24 Buckingham Gate. 
London, S.W.l, and Ways End, St. Albans Rd., 
Reigate, Surrey, England. 

WILSON, George T. 1926) Sales Engr., 
Gurney Foundry Co., Ltd., 4 Junction. Rd., 
Toronto, and •25 Tyre Ave., Islington, Ont., 
Canada. 

WILSON, Raymond W. (M 1934) Member of 
Firm, Wilson- Brinker Co., 412 Pythian Bldg., 
and *429 Crest^m Ave,, Ivalamazoo, Mich. 

WILSON, Robert A. (M 1030) Sales Engr.. 
Minneapolis-Iloneywell Regulator Co., 4601 
Prospect Ave., Cleveland, and • Cor. Olive St. 
and Robens Court. Chagrin Falls, Ohio. 

WILSON, Victor H. (A 1938) Engr.-Distributor 
and Contractor in Refractories, Plibrico Jointless 
Firebrick Co., 403 Hitchcock Bldg., ISfaahville, 
and •‘‘The Thistle-Patch," Donclaon, Tenn. 

WILSON, Wostray E. (A 1939) Major, QMC, 
XL S, Army, • Reception Center, Fort Penning, 
Ga., and Owner and Mgr., Wilson Plumbing Co., 
227 Ha^ood Rd., Asheville, N. C. 

WILSON, Wp H. (A 1932) Chief Power Plant 
Engr., Pullman-Standard Car Manufacturing 
Co., UOOl Cottage Grove Ave., and *22 West 
noth Place, Chicago, 111. 

WILTBERGER, Constant F. (M 1935) Partner, 
Consulting Engrg., Pennell & Wiltberger, Land 
Title Bldg., and •2650 N. Ninth St., Phila- 
delphia, Pa. 

WXNANS, G. D. (A/ 1929) Engr. of Steam Distri- 
bution, • The Detroit Edison Co., 2000 Second 
Ave., and 16183 Wisconsin, Detroit, Mich. 

WINER, Bernard B, (S 1940) Student, • Carnegie 
Institute of Technology, 4921 Forbes St., and 
3138 Avalon St., Pittsburgh, Pa. 

WINKLER, Ralph A. (A 1940; J 1937) Sales 
Engr., Alfred C. Gocthel Co., 2337 North 3l8t 
St., Milwaukee, and •P.O. Box 179, Elm 
Grove, WIs. 

WINSLOW, C,.B. A,* (A/ 1932) (Council, 1940- 
41) Prof, of Public Health, Yale Oniversity 
School of Medicine, and Dir„ John B. Pierce 
Laboratory of Hygiene, *310 Cedar St., and 314 
Prospect St., New Haven, Conn. 

WINTERBOn^OM, Ralph F. (M 1923) Engr., 
Winterbottom Supply Co., and *720 Muir, 
Waterloo, Iowa. 

WINTERER, Frank G. (AX 1920) Bmnch Sale* 
Mgr., •American I-Uidiutor ik Standard Saxd- 
ttiry Corp,, 300 Broadway, and 836 Juno .St., 
St. Paul, Minn. 


WITMER, Howard S. (A 1937) Design Engr.. 

• City Hall, and 600 Elm St., Bay City, Mich. 
WOESE, Carl F. (AX 1934) Consulting Engr., 

• Robson & Woese, Inc., 1001 Burnet Ave., and 
256 Robineau Rd., Syracuse, N. Y. 

WOLFE, John S. (Af 1941) Mech. Engr., Board 
of School Directors, 1012 W. Highland Ave., and 

• 2004 N. Bartlett Ave., Milwaukee, Wis. 
WOLFF, Peter P. (Af 1936) Engr., Beil & Gossett 

Co., 3000 Wallace St., and eTSOO Ridgeland 
Ave., Chicago, 111. 

WOLIN, Milton W. (7 1938; S 1937) Engr.. 
Typhoon Air Conditioning Co., Inc., 252 West 
26th St., New York, N. Y., and •R.F.D. 2, 
Box 73-D, New Brunswick, N. J. 

WOLL, WiUard M. (M 1938) Engr.-Industrial 
Htg. and Refrig., • Commonwealth Edison Co., 
72 W. Adams St., and 9320 S. Throop St„ 
Chicago, 111. 

WOLL^BERGER, Louis (Af 1938) Industrial 
Gas Engr., • Coast Counties Gas & Electric Co., 
22 Pacihe Ave., and 122 Davies St„ Santa Cruz. 
Calif, 

WONG, Wilfred S. B, (M 1938) •American 
Engineering Corp., 980 Bubbling Well Rd., and 
669 Hart Rd., Shanghai, China. 

WONSON, Arthur S., Jr. (7 1941; 5 1938) Navy 
Yard, Boston, and • Walnut Park Ave., Essex, 
Mass. 

WOOD, Alfred W. (A 1941 ; 7 1938) Sales Engr,, 
Clare Brothers & Co., Ltd., and •461 Margaret 
St., Preston, Ont., Canada. 

WOOD, Charles F. (M 1937) Air Cond. Mgr., 
Prod. Development and Application Dept., 
Frigidaire Div., General Motors ^les Corp., 
300 Taylor St., Dayton, and •R.R.l, Spring 
Valley, Ohio. 

WOODGER, Herbert W. (AT 1939) Htg. and Vtg, 
Engr,. •General Electric Co., 100 Woodlawn 
Ave., Pittsfield, and “Plneacres," East St,, 
Lenox, Mass. 

WOODHOUSE, Graham D. (A 1938) General 
Supt., Dowagiac Steel Furnace Co., and *304 
West St., Dowagiac, Mich. 

WOODMAN, Lawrence E. (Af 1934) Pres., 

• Woodman Engineering Corp., 203 E. Capitol, 
and 925 Adams, Jefferson City, Mo. 

WOODS, Baldwin M. (Af 1937) Prof. Mech. 
ICngrg., • University of California, Engrg. Bldg., 
and 249 The Uplands. Berkeley, Calif. 

WOODS, Charles F. (A 1940) Town Plant Mgr., 

• Texas Southwestern Gas Co., and S. Baylor St., 
Brenham. Tex. 

WOODS, Edward H. (Af 1934) Engr., • Higgins 
8i .^abriskie, 134-136 S. Aurora St., and Hook 
Place, Ithaca, N. Y. 

WOODWARD, Rothwell (Af 1938) Air Cond. 
Sales Engr*, Frigidaire Div*, General Motors 
Ssales Corp., 300 Taylor St., and • 1627 Bensen 
Drive, Dayton, Ohio. 

WOOLGOCK, Edwin (A 1038) Mgr., • Woolcock 
Plumbing & Heating Co.. 2217 15th St., and 440 
Memorial Pkwy., Niagara Falla, N. Y. 
WOOLLARD, Mason S. (Ai 1934) Htg. Engr., 
Harry H. Angus, Consulting Engr., 1221 Bay St., 
Toronto, and #31 Hillcrest Park Ave., Toronto 
. 5, Ont., Canada. 

WOOLSTON, A. H. (Af 1910) Chief Engr., 

• Woolston-Woods Co., 2132 Cherry St., and 
4815 North 12th St., Philadelphia, Pa. 

WOOLSTON, Robert H. (7 1941) Htg.-Vtg. 
Etiftr, • WoolHton Woods Co., 2132 C'hcrry St., 
and 358 W. Mt. Airy Ave., Philadelphia, Pa. 
WOOTEN, M. Frank, Jr. (Af 1941; A 1940) 
Consulting Engr., • 104 l-atta Araide, and 400 
Cherokee Rd., Charlotte, N. C. 


69 




HEATING VENTILATING AIR CONDITIONING GUIDE 1942 


WORKJMAN, Albert E. (A 1941) Air Cond. Sales 
Engr., Houston Div., Dept. Mgr., • United Gas 
Corp., United Gas Bldg., and Apt. 3, 4707 
Fannin, Houston, Tex. 

WORMLEY, Robert F. (A 1938) Branch Mgr.. 

• Grinnell Co. of Canada, Ltd., 700 Beaumont 
St., and 6092 Terrebonne Ave., Montreal, Que., 
Canada. 

WORSHAM, Herman (M 1925; J 1918) Mgr. 
for G.M. Accts., eFrigidaire Div., General 
Motors Corp., 300 Taylor St., and 624 Daytona 
Pkwy., Dayton, Ohio, 

WORTHINGTON, Thomas H. (M 1937) Mgr., 
Eastern Htg. Sales, • Standard Sanitary & 
Dominion Radiators, Ltd., 405 Beaubien St. W., 
Montreal, Que., Canada. 

WORTON, William (M 1937) Branch Mgr., 

• C. A. Dunham Co., Ltd., 604 Scott Block, 
and 292 Lansdovme Ave., Winnipeg, Man., 
Canada. 

WRIGHT, Clarence E. (A 1940; J 1935; S 1933) 
Mgr., Htg. and Vtg. Dept., Fairmont Wall 
Plaster Co., Tenth St., and *303 Nuzum Place, 
Fairmont. W. Va. 

WRIGHT, Daniel K., Jr.* (/ 1938) Instructor 
in Mech. Engrg,, Case School of Applied Saence, 
10900 Euclid Ave., Cleveland, and • 3618 Lind- 
holm Rd., Shaker Heights, Ohio. 

WRIGHT, Harris H. (M 1917) Owner, eH. H. 
Wright Co., 1322 Walnut St., and 808 Green way 
Terrace, Kansas City, Mo. 

WRIGHT, John B. (,M 1940) Sales Engr., eNash 
Engineering Co., South Norwalk, and Rowayton, 
Conn. 

WRIGHT, K. A. (M 1921) Branch Mgr., •John- 
son Service Co., 1905 Dunlap St„ Cmdnnati. 
Ohio, and 113 Orchard Rd., Fort Mitchell. Ky. 
WRIGHT, Norman S., Jr. (A 1942; J 1941) 
Sales, Norman S. Wright & Co., 250 Perry St., 
San Francisco, Calif. 

WRIGHTSON, WilborT. (M 1937) Eastern Mgr., 

• Garden City Fan Co., 65 West 42nd St., New 
York, and 22 Sagamore Rd., Bronxville, N. Y. 

WUNDERLICH, Milton S.* 1925) Chief of 

Research, Minnesota & Ontano Paper Co., 1100 
Builders Exchange, Minneapolis, and *545 Mt, 
Curve Blvd., St. Paul, Minn. 

WYATT, DeWitt H. (M 1936) Mech. Engr., 
Havens & Emerson, Fort Knox, and •Taylor 
Hotel, Elizabethtown, Ky., and 123 Acton Rd., 
Columbus, Ohio. 

WYLD, Reginald G. (M 1937) Vlce-Pres. in 
Charge of Engrg., • Chrysler Corp., Airtemp 
Div., 1119 Leo St., and 73G Devonshire Rd., 
Dayton, Ohio. 

WYLIE, Howard M. (M 1925; '7 1917) Vice-Pres. 
in Charge of Sales, The Nash Engineering Co., 
and eSl Elmwood Ave., South Norwalk, Conn. 

Y 

YAGER, John J. (M 1921) Pres,, Goergen- 
Mackwirth Co., Inc., 817 Sycamore St., and 

• 425 Woodbridge Ave., Buffalo, N. Y. 
YAGLOU, Constantin P.* (M 1923) Assoc. Prof. 

Industrial Hygiene, • Harvard School of Public 
Health, 55 Shattuck St., Boston, and 10 Vernon 
Rd., Belmont, Mass. 

YARBOROUGH, T, R. (M 1938) Mgr., Com- 
mercial, Air Cond. & Htg.. Charles S. Martin 
Co., 1041 N. Highland Ave. N.E., and • 1266 
Stillwood Drive, N.E., Atlanta, Ga. 

YATES, James E. (M 1934) Mgr., •Yates, 
Neale & Co., 231 Tenth St., and 43l-16th St.. 
Brandon, Man,, Canada. 

YATES, Joseph E. (M 1939) Asst. Engr., • Pacific 
Power & Light Co., 406 Public Service Bldg., and 
1820 Northeast 57th Ave., Portland, Ore. 


YATES, Robert A. (J 1939) Steamfitter, • Yates, 
Neale & Co., 231 Tenth St., and 431-lGth St., 
Brandon, Man,, Canada. 

YATES, Walter (Lt/e Member; M 1902) Governing 
Dir., • Matthews & Yates, Ltd., Cyclone Works, 
Swinton, and 4 Egerton Park, W’orsley, Man- 
chester, England. 

YERKES, WiUiam L. (M 1941; A 1037) Engr., 

• Carrier Corp., 12 South 12th St., Philadelphia, 
and 156 Jericho Manor, Jenkintown, Pa. 

YOUNG, Emil O. (A 1935) Owner, •Young 
Regulator Co., 4600 Euclid Ave., Cleveland, and 
3628 Cummings Rd., Cleveland Heights, Ohio. 
YOUNG, Forest H., Jr. (A 1936) Sales Engr., 

• Auburn Stoker Co., 512 N. LaSalle St., and 
4310 Berteau Ave., Chicago, 111. 

YOUNG, Harold J. (M 1937) Sales Engr., Young 
Radiator Co., Occidental Hotel Bldg., and • 1364 
Lakeshore Drive, Muskegon. Mich. 

YOUNG, J. T., Jr. (.4 1936) Mgr., •Cmne Co., 
Box 709, 20th and Wall, and 508 Ogden Canyon, 
Ogden, Utah. 

YOUNG, Robert W. (A mi) Sales Repr.. 
Mueller Brass Co.. Port Huion. Mich., and •700 
West 47th St., Kansas City, Mo. 

YOUNGER, John R. (7 1941) Htg, Engr., .-\uto- 
matic Heat Co., and *2835 Third Ave. W„ 
Hihbing, Minn. 

z 


ZACK, H. J. (M 1928^ Prop., •The Zack Co., 
2311 Van Buren St., Chicago, 111. 

ZAKI, Hussein M. (7 1941; 6’ 1940) Archi tectum I 
Engr., 17 Cleopatra St., Heliopolis, Cairo, Egypt. 
ZEMELMAN, Mnft M. (.J 1041; 5 Sit. 
Engr., Sears, Roebuck & Co., Port Newiirk, and 
• 87 Schuyler Ave., Newirk, N. J. 


ZIBOLD, Carl E. (Af 192?)) Mech. Engr., Htg. and 
Vtg., 13 Chadwick Kd., Westminster Ridge. 
White Plains, N. Y. 


ZIEBER, W, E, (A/ 1935) Dir, <^f Research. • York 
Ice Machinery Corp., and 22 vS, Kee«ey St., 
York, Pa. 


ZIEL, Herbert E. (Af 1924) Mech. ICngr.. ♦ .Vlbert 
Kahn, Assodatod Archts. and Engr.s., 34.5 New 
Center Bldg., and 694 Glynn Court, Detroit, 
Mich. 


ZIESSE, Karl L. (A 1931) Partner, s Phmmix 
Sprinkler & Heating Co., 115 Cainpau Ave. N,W„ 
and 315 Hampton Ave. S.K., Oruml Rjipids. 
Mich. 


ZIMMERMAN, A. H. (A/ 1939; A 1930) Venti- 
lation Engr., Chiatgo Health Dept., 5^1 W. Hub- 
bard St., and •0259 N. Krandaco Ave.. Chiciigo, 


ZINK, David D, (A/ 1031) Major. •Hu, 1st 
Arm’d, Corps (G3). Fort Knox, and 316 N. 
Mulberry St., KlizabetUtown, Ky. 

ZINTEL, George V. (A 1941} Sales Engr.. Himel- 
blau Byficld Hi Co., 36 S. Throop St., and ♦ 142S 
Summerdale, Chiaigo, 111. 

ZOKBLT, Carl G. (.1/ 1921) Consulting Kngr., 
38l0-'24th Ave. S., Stsittle, Wash. 

ZUBER, Otto C. (A 1938) ('hid Engr., ♦Amana 
Sodety, Amana, and South .'\muntt, Iowa. 

ZUHLKE, W. R. («V/ 1928) Hoffjnun SptftniiUy Co., 
500 Fifth Ave,, New York. N. Y, 

ZUMWALT, Rosa (A 1941; 7 1938) Purtnor, 
Zumwalt & Vinthen 507 Tlmtim Bldg,. Dalla«, 
Tex. 


ZUROW, WiUiam Allan (J 1937) Stile>i Engr.. 
Sl Joseph Railway Light, Heat tk INiwer ! 
522 Frands SL, and *728 S. Tt'hth St.* St, 
Joseph, Mo. 

ZWALLY, August L. (A 1937) Chief Air Cond. 
Engr.» Interstate Electric and aDOB Elm- 
wood St., .Shreveport, ImI, 
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SUMMARY OF MEMBERSHIP 


Honorary Member.^ 1 Associate Members 975 

Presidential Members 24 Junior Members 317 

Life Members 60 Student Members 53 

Members.^ ^.1702 Total 3132 


UNITED STATES AND POSSESSIONS 


Alabama 12 

Arizona 4 

Arkansas 4 

California 129 

Colorado...^ 11 

Connecticut 41 

Delaware 11 

District of Columbia... 87 

Florida 11 

Georgia 53 

Idaho 1 

Illinois 248 

Indiana 37 

Iowa 45 

Kansas 12 

Kentucky 17 

Louisiana 39 

Maine...„ 4 

Maryland 52 

Massachusetts...^ 101 

Michigan.. 176 

Minnesota 107 

Mississippi 4 

Missouri 131 

Montana 3 

Nebraska 21 

Nevada 5 

New Jersey 110 

New York 416 

North Carolina 43 

Ohio 185 

Oklahoma 17 

Oregon 1 47 

Pennsylvania 282 

Rhode Island 6 

South Carolina 11 

South Dakota 2 

Tennessee 16 

Texas 98 

Utah 3 

Vermont 2 

Virginia 45 

Washington 40 


West Virginia 11 

Wisconsin 90 

Philippine Islands 2 

2792 

DOMINION OF CANADA. 209 

FOREIGN COUNTRIES 

Australia. 11 

Belgium 1 

Bermuda Islands 1 

Brazil 2 

ChUe 1 

China 8 

Cuba... 1 

Denmark.. — 2 

Egypt 4 

England 36 

France 7 

French North Africa 1 

Germany.. 3 

Holland 1 

India 6 

Ireland.. 2 

Italy 6 

Japan 4 

Manchoukuo 1 

Mexico... 3 

Netherlands 1 

New Zealand 3 

Norway 2 

Palestine - 1 

Puerto Rico 1 

Roumania 1 

South Africa 6 

Spain I 

Straits Settlements.... 2 

Sweden 8 

Turkey 2 

Venezuela 2 

131 

TOTAL MEMBERSHIP 3132 
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LIST OF MEMBERS 

(Geographically Arranged) 


UNITED STATES and POSSESSIONS 


ALABAMA 

Birxi&lngham — 

Cause, H. C. 

Hardy, F. L. 

Lichty, C. P. 

Myer, H. 

Richards, G. H. 
Walden, H. K. 

Fort McClellan — 
Friedman, D, H., Jr. 
Mobne— 

Gray, W. C. 
Montgomery — 
Dowdy, R. B. 

Drum, L. J., Jr. 

Talladega — 
Addington, H, M. 
Tuscaloosa — 
Murphree, R. L. 

ARIZONA 

Lowell — 

Vinson, N. L. 
Phoenix — 


Porter, N. E. 

Raber, B. F. 

Woods, B. M. 

Beverly Hills — 
Theobald, A. 
Burlingame — 

Gee, W. W. 

Hill, J. A. 

Camp Haan — 

Forderbruggen, K. J. 
El Monte — 

Hazlehurst, H. D. 
Fresno — 

Newman, H. E. 
Fullerton — 

McKinley, C. B. 
Miles, C. N. 

Glendale — 

Eggleston. H. L. 
Scofield, P. C. 

Wells, E. P. 

Hollywood — 

Billingsley, O. F., II 
Huntington Park — 
Stanley, R, L. 


Rodeffer, E. W. 
Stewart, W. O. 
Storms, R. M. 
Walker, W. F. 
Webber, C. H. 

March Field — 

Owen, J. D. 
Oakland — 

Babcock, P. R. 
Cummings, G. J. 
Emanuels, M. 
Kurtz. O. 

Murphy, D. I. 
Shepard, C. R. 
Terry, S. W. 
Trolese, L. G. 
Wahrenbrock, 0. K. 
Williams, C. D. 
Williams, D. L. 

Pacific Palisades — 
Finney, B. 

Palo Alto — 

Johnson, O. W, 
Pasadena — 

Gifford, R. L. 

Miller, G. 

Paso Robles — 

Hill, E., Jr. 


Genre, E. J. 
Hummel, G. W. 

Tucson — 

Tidmarah, P. M. 

ARKANSAS 

Hope— 

Prawl, F. E, 
Little Rock — 
Cumnock, H. 
Kellogg, W. T. 
McCoy, C. E. 

CALIFORNIA 


Albany — 

Kaup, E. O. 
Bakersfield — 
Baker, H« S. 
Berkeley — 
Atkins, G. E. 
Brokaw, G. K. 
Cockins, W. W. 
Fluckey, K. N. 
Peterson, C. L. 


Long Beach — 
Barth, J. W. 
1^08 Angeles — 


Anderson, C. S. 
Bamum, W. E., Jr, 
Blumenthal, M. I. 
Bullock, H. H. 
Dillender, E. A, 
Douglas, H. H. 
Downes, A. H. 
EUingwood, E. L. 
EngUsh, H. 

FabHng, W. D. 
Hendrickson, H. M. 
Hess, A. J. 

Hogue, W. M. 
Hokanson, C. G. 
Hungerford, L. 
Kennedy, M. 
Kilpatrick, W. S. 
Lauer, H. B. 

Lowe, R. A. 
McKenzie, C. M., Jr, 
Medow, J, 

Moriarty, J. M. 

Ness, W. H. C. 

Ott, O. W. 


Park, J. F. 
Parks, C. E. 


Phillips, R. E. 
Phillips, R. H. 


Piedmont — 
Gayncr, J. 
Redwood City — 
Hudson, R. A. 
Riverside — 
SchUck, P. F. 
Sacramento— 
Towle, P. H. 
San Diego— 
Keefer, D. M. 
Sadler. C. B. 

San Francisco— 


Bentley, C. R. 
Boucy, A, J. 
Brown, S. D. 
Cochran, L, H, 
Cooley, E. C. 
Corrao, J. 
Cushing, R, C, 
Fanning, B. C. 
Folsom, R. A. 
Goins, E. H. 
Haley, H. S. 
Hickman, H. V. 
Holland, R. B. 
Hook, F. W, 
Howes, E. W. 
Hunter, T. B, 


Kolb. F, W. 
Kooistra, J. K. 
Krueger, J, I. 
Leland, W. E. 
Marshall. T. A. 
Martin, G. D. 
Martin, J. O. 
Melnick, N. A. 
Molfino, P. 
Parker, R. A. 
Peterson, N* H. 
Ploakey, K. J. 
Reed, V. C. 
Reilly, P. H., Jr. 
Rosen: K. J. 
Saindrett. H. R. 
Scott, R. M. 
Scott, W. P., Jr. 
Simons, E. W. 
Simonson. G. M. 
Sprott, J. 1. 
Stransky, M. W. 
Wayland, C. K. 
Wethered, W. 
White, T. J. 
Wright, N, S.. Jr. 

San Gabriel -- 
' Griffith, J. H. 

San Jose— 
Knudsen, W. R, 
San Pedro— 
Westphal, N. K, 
Santa Cruz— 
Wollenbergcr, I,,. 
Santa Monica-* 
Coghlan, S. F. 
Wals, C- D. 

Sausallto — 

Howe. W. W. 


COLORAXK) 


Colorado Springs 
Jardine. D. C. 

Denver - 
Adams, F, L. 
Connid, H. 
Davi». A. F, 
(^oll. W. A. 
Kdthley, F. R. 
McNevfn, J. F. 
McOuaid. D, J. 
CrHerm U K. 
Skelley. J. H, 

La Junta— 
Curtice, J, .M, 


72 



ROLL OF MEMBERSHIP 


CONNECTICUT 


Bridgeport — 

Earle, F. E. 
Hawes, H. D. 
Palumbo, B. F. 
Smak, J. R. 

Danbury — 

Moore, M. 
Orgelman, G. H. 

Fairfield — 

Osborn, W. J. 

Greenwich — 
Ingham, J. F, 
Jones, A. L. 

Hartford — 

Fischer, L. W. 
Peterson, H. P. 

New Britain — 
Hart, S. 

Hart, T. S. 

New Haven — 
Baker. D. L. 
Broderick, E. L. 
('onvcrse, T. J. 
l^acktor, B. M. 
Roeder, W, 

Seeley, h. E. 
Tcusdale, L. A. 
Winalow, (-,-E. A. 

New London — 
Chapin, C. G. 
Forsberg, W. 
Hopson, W. T. 


Riverside — 
Murphy, J. R. 
South Norwalk— 
Adams, H, E. 
Jennings, 1. C. 
Lyons, C. J. 
Mead, K. A. 
Wright, j. B. 
Wylie, H. M. 

Stamford — 
Jessup, B. H. 
Torrlngton — 
Dottier, A, 
UpttOn, W. L. 

Wallingford' - 
Burns, J. R. 
Waterbury— 
Osborne, S. R. 
Simpson, W. K, 
Stein, J. 

W««t Hartford — 
Hoyt, L. W, 
Westport - 
Fade, E. H. 
Woodraont'— 
Willittmtt, G. a 


DELAWARE 


CJaymont— 

Hinnant. C. H„ Jr. 


Milford— 

Downing, C. B. 
Wilmington — 
Burke, J. J. 
Gawthrop, F. H. 
Granke, A. A 
Hayman, A. E., Jr. 
Kersliaw, M. G. 
Lownsbery, B. F. 
Parvis, R. S. 
Robinson, G. L. 
Schoenijahn, R. P. 


DISTRICT OF 
COLUMBIA 


Washington — 

Ay, E. L. 

Bennett, C. A. 
Bensinger, M. 
Bornstein, W. 

Brown, L. S., Jr. 
Brunner, E. G. 
Burkhart, E. M. 
Burns. H. J. 
Campbell, G. W. 
Cover, R. R. 
Crawford, A. C. 
Cullen, A. G. 

Day, I. M. 

Devore, A, B. 
DeWitt, E. S. 
Dovener, R. F. 
Downes, H. H. 
Eagleton, S. P. 
Erisraan, P. H., Jr. 
Espenschied, F. F. 
Febrey, E. J. 
Feltwell, R. H. 

Fogg, J. H. 

Frankel, G. S. 

Gates, A. S., Jr. 
Graves, V. 

Gregg, S. L. 

GriUan, L. L. 

Hall, M. S. 

Hanlein, J. H. 
Hannigan, W. 
Heagerty, W. H. 
Hill, W, W, 

Holder, L. H. 
Holmes, P. B. 

Holt. W. H. 

Hoover, W. L. 
Hoppe, M. F. 

Inman, C. M. 
Iverson, H. R. 

Jones, W. C. 
Karaunky, W. K. 
Kiczales, M. D. 
Kidd, C. R. 

King, R. W, 
Kingawell. W. E. 
Koster, H. H. 

Kugd, H. K. 
Latterner, H.. Jr. 
Leser, F. A, 
Littleford, W, H. 
Lloyd, E. H. 
Lockhart. W, R. 
Loughmn, P, H*. Jr. 
Maurer. L. 
McCusker, J. P. 
McEntee, F. M. 
Mergardt, A. P. 
Miller, G. F. 

Neal, J. P. 

Nelson, H. M. , 
Nolan. J. J., Jr. 
Norair, H, 

Ouruaofi, L. 

Parsons, L, 0„ Jr. 
Peacock, H. 


Phillips. W. L. 
Robinson, D. M. 
Roper, R. F. 

Sale, F. B. 

Schulze. B. H. 
Scott. A. F. H. 
Shapiro, M. 

Small, R. A. 

Steel, R. J. 
Stewart, J, N. 
Sutter, E. E. 
Thomas, G. 
Thompson, N. S. 
Thuney, F. M. 
Tuxhom, D. B. 
Urdahl, T. H. 
Vaughan, J. G., Jr. 
Walz, G. R. 

Watt. R. M., Jr. 
Werner, J. G- 
Wilcox. C. M. 


FLORIDA 


Daytona Beach — 
Odum, R. A. 
Jacksonville — 
Allen, W. W. 
Beckwith, F. J. 

V Cameron, R. T. 
Campbell, R. E. 
Crumley, M. T. 
Edge, A. J. 
Pastor, J. C. 

Orlando — 

Porter, C. W. 
Tampa — 
Patterson, G. P. 
Thomas, B. A. 


GEORGIA 


Atlanta — 

Baird, F. E. 

Baker, C. T. 

Barnes. L. L. 

Baxter, J. F., Jr. 
Boland, L. C., Jr. 
Boyd, S, W. 
Brockinton. C. E. 
Brodnax, G. H., Jr. 
Chapman, D. B. 
Clare, F. W. 

Cole, C. B. 

Como, J. A. 

Crout, M. M. 
DuChateau, M. F. 
Foss. E. R. 
Galloway, D. 
Garrard, W. M. 
Genone. H. W. 
Gorbandt. E. T. 
Gunthorpe, C. E. 
Hahn, R, F, 
Johnson, C. K, 
Kagey, t. B, 

Kent, L. F. 

Kitch. R. B, 

Klein, E. W. 

Koch, A. H. 

Useter. F. L, 
Lawrence, L. F., Jr. 
Leach. A. H. 
McCain, H. K. 
McKinney, W. J. 
0\Shea, J. J. 
Rittelmeyer, J. M. 
Rumbold, A. IL 


Seckinger, B. J., Jr. 
Stephenson, K. A. 
Stotz, R. B. 
Strother, W. E- 
Sudderth, L., Jr. 
Templin, C. L. 
Tucker, T. T. 

Van Nouhuys, H, C. 
Wise, M. W. 
Yarborough, T. R. 

Augusta — 

Akerman, J. R. 
Arndt, H. W. 

Brunswick — 
Gilmore, J. L, 
College Park — 
Blackshaw, J, L. 
Decatur — 

Lindstrom, D. F. 
Fort Benning — 
Campbell, A. Q., Jr. 
Wilson, W. E. 

Savannah — 

Hamlin, J. B., Jr, 


IDAHO 


Boise— 

Lessinger, E. F. 


ILLINOIS 


Berwyn — 
Lobstein, M. G. 

Bloomington — 
MaGirl, W. J. 
Nesmith, O. £. 
Soper, H. A, 
Whitmer. R. P. 

Carbondale — 
Owen, C. E. 


Chicago — 

Adams, B. P. 
Aeberly, J. J. 
Ammerman, A. S., Jr. 
Arenberg, M* K. 
Aronson, H, H. 

Ash, R. S. 

Banach. C. J. 

Barnes, N. W. 

Bates. J. H. 
Baumgardner, C, M. 
BeciMr, W. A. 

Beery, C, K. 
Hevington, C* H. 
Bishop, M. W, 

Black, F. C, 

Blaker, A. H. 
Blayncy, W. R. 
Boyle, J. R. 

Bracken, J. H, 
Braun, L, T, 
Brigimm. C. M. 
Brocha, J, F. 

Brooke, I. E. 

Broom, B. A. 

Brown, A. P. 
Bumam, C. M„ Jr* 
C^ey, B. L. 

Chapin, H. G. 

Chase, L. R. 
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Christman, W. F. 

Miller, R. T. 

Chnstophersen, A. E. 

Milliken, J. H. 

Clo, H. E. 

Mueller, H. C. 

Close, P. D. 

Muessig, J. W. 

Connors, E. C. 

Mullen. T. J., Jr. 

Cook, H. D. 

Narowetz, L. L., Jr. 

Crone, C. E. 

Neiler, S. G. 

Cross. R. C. 

Nelson. R. 0. 

Crump, A. L. 

Newport, C. F. 

Cunningham, T. M, 

Nightingale, G. F. 

Dauber, O- W, 

Offen, B. 

Basing, E. 

Olsen, C. F. 

DeLand, C. W. 

Olson, B. 

Dunham, C. A. 

Oosten, L. 

Ellis. G. W. 

Peck. H. E. 

Emmert, L. D. 

Peterson, W. E. 

Ericsson, E. B. 

Philippi, J. J. 

Fatz, J. L. 

Pitcher, L. J. 

Fenner, N. P, 

Pope, S. A. 

Fergestad, M. L. 

Porter, K. C. 

Fleak, W. D. 

Powers, F. W. 

Floreth, J. J. 

Prebensen, H. J. 

Forbes, H. B., Jr. 

Prentice, O. J. 

Frank, J. M. 

Price. C. E. 

Funk, D. S. 

Raymond, F. I. 

Gardner, W. 

Reger. H. P. 

Gaylord, F. H. 

Rietz, E. W. 

Getschow, R. M. 

Rottmayer, S. I. 

Goelz, A. H. 

Ruggles, R. F. 

Gothard, W. W. 

Russell, E. A. 

Gotschall, H. C. 

Sander, A. J. 

Graves, W. B. 

Scheidecker, D. B. 

Griffin. C. J. 

Schuetz, C. C. 

Gritschke, E. R. 

Schuler, W. B. 

Gustafson, C. A. 

Schulz, E. L. 

Haas, S. L. 

Seelig, L. 

Haines, J. J. 

Schultz, E. 

Hale. J. F. 

Sipp, E. F. 

Hanley. T. F., Jr. 

Solstad, L. L. * 

Hart, H. M, 

Sommerfield, S. S. 

Hattis, R. E, 

Spielmann, G. P. 

Hayes, J. J. 

Stahl, W. A. 

Hendnekson, R. L. 

Stermer, C. J. 

Herhhy, J. J. 

Stevenson, M. J. 

Hill, E. V. 

Sunderland. R. P. 

Hines, J. C. 

Sutch, H. C. 

Howard, F. L. 

Swanson, N. W. 

Howatt, J. 

Thinn, C. A. 

Hubbard, G. W. 

Thornton, W, B. 

Hustoel, A. M. 

Tobin, J. F. 

Johns, H. B. 

Trumbo, S. M. 

Johnson, C. W. 

Vernon, R. 

Keating, A. J. 

Voss, W. W. 

Keeney, F. P. 

Walters, W. T. 

Kehih, H- S. 

Ward, 0. G. 

Kenney. T. W. 

WaterfaU, W. 

King, A. C. 

Weil, M. 

Krez, L. 

Weinshank, T. 

Kuechenberg, W. A. 

Wendt, E. H. 

Lagodzinsld. H. J. 

White, E. B. 

LaRoi. G. H.. II 

Wills. F. W. 

l-auterbach, H., Jr. 

Wilson, W. H. 

Lenone, J. M. 

Wolff. P. P. 


Leuthesser, F. W„ Jr. 
Lewis, S. R. 
MacCubbin, H. A. 
Maier, H. F. 

Malone, D. G. 
Malvin, R. C. 
Manny, J. H, 

Martin, A. B. 
Matchctt, J. C, 
Mathis, E. 

Mathis, H. 

Mathis, J. W. 
Mattingly, M. F. 
May, A. O, 
McCarthy. T. F. 
McCauley, J. H. 
McClellan. J. E. 
McDonnell, E. N. 
McDonnell, J, E. 
McRae, M. W. 
Mcrens, S, H. 

Mertz, W. A. 

Miller, F. A. 


WoII, W. M. 
Young, F. H„ Jr. 
Zacfc, H. J. 
Zimmerman. A. H. 
Zintel, G. V, 

Des Plaines — 
Lockhart, H. A. 

East St. Louis — 
Cover, E, B, 

Lang, J, C. 

Post, N. 

Edwardsville — 
Mehmken, H. O. 
Evanston — 

Kearney, J. S. 
Glencoe — 

Homung, J. C. 


Glen Ellyn — 
Sherman, V. L. 
Great Lakes — 
Cary, E, B. 
Homewood — 
Wilkinson, F. J. 
Kewanee — 
Bronson, C. E. 
Dickson, R. B. 
Hartman, J. M. 

La Grange — 

Estep, L. G. 
Moline — 

Beling, E. H. 
Holuba. H. J. 
Nelson, H. W. 
Nelson, R. H. 

Morton Grove — 
Gossett, E. J. 
Moore, R. E. 
Pullum, C. JE. 

Mt. Vernon — 
Benoist, L. L, 
Benoist, R. E. 

Oak Park— 
Fitzgerald, M. J. 
May, E. M. 
Meiller, D. V. 
Tracy, W. E. 
Uhlhorn, W. J. 

Park Ridge — 
Heckel, E. P. 
Locke, J. S. 
Sutcliffe, A. G. 

Peoria — 

Hauer, F. 

Meyer, F. L, 

Prospect Heights — 
Stacy, L. D. 
Rantoul — 

Rossiter, I. J. 
Rochelle — 

Caron, H. 
Rockford— 
Berzelius. C. E, 
Braatz, C. J. 
Dewey, R. P. 
Kennedy, W. W. 
Stewart, D, J. 

Rock Island — 
Kimble, C. W. 
Scottfleld— 
Schroeder, W, R. 

Springfield*" 

Slmrp, J. E. 
Streator**' 

JoUnaon. R. A. 
Urbana— ' 
Fahnestock, M. K. 
Hershey, A. E. 
Konzo, S. 

Kratz. A. P. 
Markland, C. K. 
Sachs, S. 

Severns, W. H, 
Willard, A. C, 


Villa Park- 
Armspach, O. W. 

Wheaton — 
Ryerson, II. E. 

Wilmette — 
DeBerard, P. K. 
Matscliall, P. J. 


Killian, V. J, 
Mittcndorff, E. M, 


Anderson— 
Williams, F. H. 

East Chicago — 
Boyar, S. L. 

Evansville -* 

Becker. R. K. 
Grosaman, i**. A. 
Koenig, A. 

Fairland - 
Garber, W. IC., Jr, 

Gary - 

Kirtlaml. E. M. 

Goshen - 
Shaw, B. IC, 

Huntington 
Rednip, \V. i). 
Smith, (i. VV. 

Indianapolis * 

Ammerman, R. 
Bar«(*y, \V. J. 
Bowles, P. 

C'lark, L. VV. 

Davis, T. R. 
Fenstermaker, S, E, 
(;illett, M. 

Hagedori, (*, II, 
Hay(% J. Ct. 
Hildreth, K. S. 
Jehle, F, 

Niesse, J. 11. 

Paetz, <r, A. 
Poehner, R. K, 
i\mbern, K. S. 
Stewart, VV. 

Suijplc, Cr, H. 

La Porte - 

HushuKcn, j, U. 
Meyer, K, A. 
Shrtx'k, J. H. 

Michtgiin City • 
St<Krkwell, VV', R, 

Muncie •• 

Price, F, 

Peru - 
Thrush, It. A, 

West Lafayette -- 

DickHon, I>. R, 
Miller, W. T, 
Kupjiert, C,, K, 
Wiesnef, H. K, 
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Ackley — 
Nelson, G. O. 


Foerstner. G. C. 
Zuber, O. C. 

Ames — 

Brown, W, E. 
Norman, R. A. 
Sandfoit, J. F. 
Watson, G. M. 

Cedar Rapids — 
Nyquist, J. D, 
Davenport — 

. Ahrens, R. H. 

Dos Moines — 
Armstrong, C. C. 
Bartels, IC. M. 

Borg, E. H. 
Campbell, B. 

Drain, H. E. 

Frankie. 11. R. 
Giinton, C. 

Hansen, J. T. 
Hclstrom, C. W. 
llennessy, W. J, 
Johnson, T. R. 
Johnston, M, T. 
Klein, F. R. 

Landes, B. E. 

LaRuc. P, 

Murphy, D, C. 
Schnell, R. H. 

Stuart, W. W. 

Tone, J. K., Jr. 
Trigga, F, E. 

Vaughn, h\ R- 
VValters, A. I.. 
Wheeler, C. A. 

Iowa City-- 
Croft, H. O. 

Weekes, K. W. 

Mason City--- 
Wells, D. E. 

Sioux City— 

Hagan, W. 

Raven, A. H. 

Washington - 
Norton, L. L 
Waterloo -- 
h'ricdlinc. J. M. 
Hedeen, L. E. 

Knox, J. C, 

Mitchell, J. A. 

Smith, S, T. 

Todd. M. L, 
Winterbottom, R. F. 


Croat Rend - 
Mt>rri«on, W. L. 
Hutchinson' 

Stevens. H, L, 
Junction <Jlty* - 
Froelich, 11. A. 
Muen^enmayer, W. R* 

iCansat City— 

Allen, D. M. 

Angus, F. M. 


Lawrence — 

Machin, D. W, 

Robb, J. E. 

Sluss, A. H. 

Salina — 

Bachofer, H. A., Jr. 
Ryan, W. F. 

Wichita— 

Buckley, D. J. 

KENTUCKY 

Beuchel — 

Groot, H, W. 
California — 

Hauss, C. F. 
Elizabethtown — 
Wyatt, D. H. 

Fort Knox — 

Zink, D. D. 

Fort Thomas — 
Houliston, G. B, 
Lexington — 

May, J. W. . 
O’Bannon, L. S. 
West, P. 

Louisville — 

Donelson, W, N. 
Hcllstrom, J. 
Hubbuch, N. J., Jr. 
Murphy, H. C. 
Nutting, A. 

Pound, H. W. 

White, T. G., Jr. 

South Fort Mitchell- 
Kennedy, O. A. 

Vine Grove — 

Cropper, R. O. 


LOUISIANA 


Camp Beauregard — 
Marston, A. D. 
Gretna — 

Hero, G, A., Jr. 
New Orleans— 


Adair, J. S. 

Crary, J. 0. 
Cressy, L. V. 
DeLaurcul, W. D. 
Devlin, J. 

Dudley, W. H.. Jr. 
Dunlap, A. L. 
KUzardi, R. 
Fischer, F. P. 


Gammill, O, F., Jr. 
Cyraham, F. D. 
Grant. W. IL, Jr. 
Guest, R. B. 
Outknccht, K. 
Ileuly. C, T, 
Hel^ck. N. J. 
IloUer, R, J.. Jr. 
Jordy, J. J. 

Joyce, J. 


Joyce, J. J. 
Kellt-y. I’. J. 
Kelly, H. J. 


Kerr, G. C. 
Knight, J. T., Jr. 
May, G. E. 
Moses, W. B., Jr. 
Nelson, L. K. 
Oesterle, A. L. 
Oster, W. P. 
Salzer, A. R., Jr. 
Shepperd, P. D. 
Stone, F. M. 
Weil. L. S. 

Shreveport — 
Fitzgerald, W. E. 
Roberts, H. H. 
Zwally, A. L. 


MAINE 


Bangor — 
Prince, R. F. 

Lewiston — 
Fowles, II. H. 

Portland— 

Fels, A. B. 
Merrill. C. J. 


MARYLAND 


Baltimore — 

CoUier, W. I. 

Crosby, E. L. 

Dorsey, F. C. 
Dressell, R. E. 
Giertsen, G, 

Hunt, M. 

Lcilich, R. L. 

Levitt, L. L. 
McCaffrey, C. E. 
McCormack. D. 
McCrca, L. W. 

Nest, R. E. 

North, W. R. 

Posey, J. 

Seiter, J. E. 

Shepard, J. deB. 
SklarevBkl, R. 

Smoot, T. H. 

Stokes, A. D. 

Taze, E. H. 

Vance, L. G. 

Vincent, P. J. 

Bethesda — 

Brandt, A. D. 
Goodwin, E. W. 
Markcrt, J. W. 
Parkinson, J. S. 
Schlichtcr, C. F. 
Smith, S. 

Stock, C. S. 

Chevy Chase— 
Beitzell, A. E. 
Humphrey, L. G., Jr. 
Thulman, R. K, 

Cumberland - 
Griffith, C. A, 

£dgewater> - 
Ley, R. B. 

Elktou- 
McCloskey, J. H. 


Fort Geo. G. Meade — 
Dickson, R. W., Jr. 
Farley, W. S. 
McGinn, G. F. 

Glen Burnle — 
Rodgers, J. S. 

Hyattsville — 

Baldwin, K. F., Jr. 
MitcheU, A. E. 

Kensington — 

Spurney, F. E. 

Laurel — 

Kluckhuhn, P', IL 

Rockville — 

Brunett, A. L. 

Silver Spring — 

Croney, P. A, 

Dill, R. S. 

Kajuk, A. E. 

Morton, H. S. 
Nordine, L. F. 
Russell B. A. 
Shuman, L. 

Stack, A. E. 

Takoma Park — 
DeSomma, A. E. 


MASSACHUSETTS 


Arlington — 

Shaw. N. J. H. 

Arlington Heights— 
Tarr. H. M. 

Belmont — 

Spence, R. A. 


Ahearn, W. J. 
Archer, D. M. 
Bartlett, A. C. 
Bergan, J. R. 
Blair, D. W. 
Blakeley, H. J. 
Brinton, J. W, 
Brissette, L. A. 
Bryant, A, G. 
Colby, J. H. 
Cummings, C. H. 
Donohoe, J. B. 
Drinker, P. 
Edwards. D. J. 
Foulds, P. A, L. 
Gebcl, K. M, 
Howes, B. H. 
Jennings, W. O. 
Kelley, J. j. 
Kimball, C. W. 
Licandro, J. P. 
Mayotte, C. E. 
McCoy, T. F. 
Merrill, F, A. 
Nee. R. M. 
Robin. R. C. 
Stetson, L. R. 
Swuney, C. R. 
Tuttle, J. F. 
Waterman, J. IL 
Yaglou, C. P. 


Bridgewater - 

Beaulieu, .V. 


76 



HEATING VENTILATING AIR CONDITIONING GUIDE 1942 


Cambridge — 

FUnt, C. T. 

Holt, J. 

Peterson, C. M. F, 
Saunvein, G- K. 
Sheffield, R. A. 
Staszesky, F. M. 
Touloukian, Y. S. 
Wilkes, G. B. 

Chelmsford — 

Ridley, W. H. 
Dorchester — 

Ehrenzeller, A, 
Goodrich, C. F. 
Hosterman, C, O. 
Shaer, 1. E. 

Dover — 

Lincoln, R. L. 

East Lynn — 
Lauckner, C. G., Ill 

Essex — 

Wonson, A. S., Jr. 


Reading — 

Ingalls, F. D. B. 

Revere — 

Brayman, A, I. 

Roslindale — 
Larson, C. W. 

Shirley — 

Boyden, D. S. 

Somerville — 
Scaling!, C. R. 
Whitten, H. E. 

South Hamilton — 
Mandell, T. P. 

Springfield — 
Cooper, W. B. 
Cross, R. E. 
Holmes, R. E. 
Huggins, L. G. 
MaHn, B. S. 
Murphy, W. W. 


Fitchburg — 

Dolan, W. H. 
lUig, E. E. 

IlKg, W. R. 
Karlson, A. F. 
McKittrick, P. A. 

Harwich Port — 
Maxwell, G. W. 

Hyde Park — 

EUis, F. R. 

Lawrence — 

Bride, W. T. 

Leominster — 
Kern, R. T. 


Lynn — 

Farrow, H. L. 
Feehan, J. B. 
Fuller, R. A. 


Malden — 

Denham,' H. S. 
Hill, C. F. 
Richards, L. V, 


Melrose — 

Franklin, R. S. 
Gerrish, G. B. 


Watertown — 
Wiegner, H. B. 

Wellesley Hills— 
Barnes, W. E. 

Westfield — 

Leland, W. B. 

West Newton — 
Wahlin, B. J. 

West Roxbury — 
Krapohl, W.-H, 
McPherson, W. A. 

Weymouth — 
McCafferty, J. E. 

Winchester — 
Carrier, E. G. 

Wollaston — 

Blair, E. L, 

Worcester — 

Kolb, R. P, 
Wechsberg, O. 

MICHIGAN 

Alpena — 

Freestrom, A. 


Newton Center — 
Lair, P. H. 

NewtonvJlle — 


Ann Arbor — 
Backus, T- H. L. 
Kessler, C. F, 
Marin, A. 


Emerson, R. R. 
Jones, W. T. 
Moore. H. C. 

North Andover — 
Wilson, A. M. 

Pittsfield— 

NiohoIIs, J. M. 
Wagner, E. A. 
W<iodger, H. W. 

Quincy — 

Rodee, E. J. 


Battle Creek — 
Cliristenson, H. 
Dempsey, J. 
Dyer, W. S. 

Bay City- 
Gray, J. W. 
Henry, E. C. 
Witmer, H. S. 

Blrminglxam — 


Hadjisky, J. N. 
Hyde, E. F. 

Root, E. B. 
Widdowfield.'A, S. 


Detroit — 

Adam, R. W. 
Anderson, E- J. 
Baldwin, W. H. 
Barth, H. E. 

Barton, J. 

Bassett, J. W. 

Bay, C. H. 

Beattie, J. 

Berryman, R. H. 
Biggers, R. H. 
Bishop, F. R. 
Blackmore, F. H. 
Boales, W. G. 
Bottum, E. W. 
Busse, H. 

Champlin, R. C. 
Clar, R., Jr. 

Clark, E. H. 

Collins. L. F. 
Connell, R. F. 

Coon, T. E. 
Cummins, G. H. 
Darlington, A. P. 
Dauch, E. 0. 
Deppmann. R. L. 
Donohoe, C. F. 
Dubry, E. E. 

Elliott, N. B. 

Falk, D. S. 

Feinberg, E, 

Feely, F. J. 

Gigu^re, G. H. 

Goss, M. H. 
Harrigan, E, M, 
Hesselschwerdt, A. L. 


Heydon, C. G. 
Hogan, E. L. 
Hubbard, N. B. 
Hugbson, H. H. 
Hutzel, H. F. 
Johnson, F. W. 
Kaufman, H. J. 
Kilncr, J. S. 
Kincaidc, M. C. 
Kirkpatrick, A. H. 
Knibb, A. E. 

Lewis, K. C. 
Linaenmcycf, F. J. 

I jvermore, J. N. 
Luty, D. J. 

Mabley, T. H. 
MacMillan, A. R. 
Mally, C. F. 

Marzolf, F. X. 
McConachie, L. L. 
McCrea, J. B. 
McGeorge, R. H. 
Meintire, J. F. 
McL^n, D. 
Metcalfe, C. 
Milward, R. K. 
Morse, C. T. 

Morse, L. S., Jr, 
Oberschulte, R. IL 
O’Gorman, J, S., Jr, 
Old, W. H. 

O’Rourke, n. D., Jr. 
Paetz, H. E. 

Parrott, L. G, 
Partlan, R. L, 

Pavey, C, A. 

Purcell, F. C. 
Randall, R. D, 
Randall, W. C. 
Reader, J. T. 
Sanford, S. S. 
Schmidt, K., Jr, 

Shea. M. B. 

Sheley, E. D. 

Smith. W. O, 

Snyder, L W. 

Soeters, M. 

Spitzley, R. L. 
Spurgeon, J. H* 


Stites, R., Ji. 
Strand, C. A. 
Taylor. H. J. 
Toonder, C. L, 
Tuttle, G. H. 
Waid. G. IL 
Walker, J. IL 
Weinert, F. C. 
Whelan. W. J. 
White, K. vS. 
Wilde, R. S. M. 
Winans, G. D. 
Ziel, H. E. 

Dowagiac — 
Cunningham, J. S 
Doming, R, E. 
Harden, J. C. 

Torr, T. W. 
Woodhouae, G. D, 

East Lansing — 

Ely, R. S. 

Kelly, O. A. 

Mersf, R. A. 

Miller, L, G. 
Pcstcriicld, C. H. 

Ferndale— 

Gair, K, B, 

Flint— 

HcndrikMCa, L, 

Grand Rapids > • 
Boot, A. 

Bnidlield, W. W. 
Bmtt, a. 1>, 

Hall, T. A. 
Marshall, 0. 1>. 
Morton, C. II. 
Stafford, T. I), 
Thomau, K. ( >. 
Twld, S. W., Jr. 
Warren. F. C. 
Zicfise. K. L, 

Grosae Pointe - 
Buckeridgft, Y, L, 
Kaiser, F. 

Jordan. h\ O. 
Snyder, K. F,. Jr. 

<;rosse Pointe Park 
Davis, G. L., Jr. 

llermanavlUe • 
Vonrhtm G, 


Highland Park > 

narrower, W. T. 
HUltidate • 
Olxjrlin, J, A. 
Holland • 

DeRoo, W. <‘, 
Harbin, F., jr. 

Houghton • 
Seeber. R. R. 
Jackson • 

Link, (\ H. 
Tilford, L, A, 

Kalamazoo ^ 


Brlftkcr. it, A, 
Brundugc, K W, 
Downs, S, H. 
McConnor. i\ R, 
Mct/ger. H. J. 
SchUchllng, W. G. 
Temple, Vv. J, 
WIlHtm, R, lY, 
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Lansing — 

Clemens, J. D. 
Distel, R, E. 

Hill, V. H. 
McLouth, B. F. 
MiUer, J. W. 
Parsons, R. A. 
Robinson, K. E, 

Lawrence — 

Morton, P. S. 

Marquette — 
Bernhard, G. 

Mt. Clemens — 
Bailey, E. P, 

Muskegon — 

Younff, H. J. 

Muskegon tleights- 
Reid, H. F. 

Okemos — 

Foote, J. H„ Jr. 

Plymouth — 

Lee, J, A, 

Pontiac— 

Trzos, 0. A. 

Royal Oak— 

Burch, L. A. 
Keyser. H. M. 

Saginaw— 

Godfrey, J. E. 
Withcridge. D, E. 

lliree Rivers— 

Hall, C. H. 

Wayland— 

Snook, A. H. 

MINNESOTA 


Bay port— 
Swanaon, E, C. 

Brainerd— 

Paine, H. A. 

Cloquet— 
l>auley, R. X>. 

Duluth— 

Fcjster, C. 

IlihMng— 

Bispala, J. T, 
Younger, J. R. 

Minneapolis— 
Algrcn, A. B, 

Bell, K* F. 

Bensen, C, L. 
Betts, 11. M. 
Bjerken, M. H. 
Bredesen, B, P. 
Bums, K, J, 
Burritt. C, G. 
Burritt, E, E., Jr, 
<'aple, I. 

Carlson, C, 0. 
Chalmers, C. 11. 


Copperud. E. R. 

Hyde, E. V. 

Flarsheim, C. A. 

Cottrell. W. H. 

Jones, E. F. 

Forslund, 0. A. 

Gumming, F, J, 

McNamara, W. 

Gillham, W. E. 

Dahlstrom, G. A. 

Oberg, H. C. 

Harbordt, 0, E. 

Davidson, J. C. 

Otto, R. W. 

Jones, T. S. 

Dever, H. F. 

Persson, N. B. 

Kitchen, J, H. 

Evans, R. W. 

Peterson, J. R. 

Leffel, P. C. 

Forfar, D. M. 

Ruff. D. C. 

Mahon, C. A, 

Gausewitz, W. H, 

Sturm, W. 

Marchio, E„ Jr. 

Gerrish, H. E. 

Winterer, F. C. 

Mart, L. T. 

Gorgen, R. E, 

Wunderlich, M. S. 

Mason, R. B. 

Gross, L. C. 

Haines, J. E. 

Spring Park — 

Minis, L. W. 
Nottberg, G. 

Hanson, L. C. 

Streater, E. C. 

Nottberg, H. J. 

Hanson, L. P. 

Nottberg, H., Jr. 

Harris. J. B. 

Wayzata — 

Hughes, S. 

0’ Dower, H. J. 

Hayes, 0. J. 

Helstrom, H, G. 

Parks, V. H„ Jr. 

. Pellmounter, T. 

Herman, N. B. 
Hitchcock, P. C. 

White Bear Lake — 

Pexton, F. S. 
Rivard, M. M. 

Huch, A. J. 

Sanford, A. L. 

Russell, W. A. 

Jordan, R. C. 

Killeen, E. F. 

Knowles, E. L. 

MISSISSIPPI 

Ryan, J. B. 

Selig, E. T., Jr. 
Sheppard, F. A, 

Lange, F, F. 


Smith. H. C. 

Larson, C. P. 
Lawrence, C. T. 

Gamp Shelby — 

Stephenson, L. A. 
Stevens, K. M. 

Ugler, F. W. 

Sterner, D. S. 

Tobin, T. A. 

Lilja, 0. L. 

Lund, C. E. 

Jackson — 

Weiss, C. A. 
White. H. S. 

Marshall, S. C. 

Light, J. c. 

Ludlow, H, M. 

White, W. E. 

McCormick, G. W., 

Wright, H. H. 

.... 

Young, R. W. 


McDonald, T. 

Mills, H. C, 
Mitchell, T. G. 
Morgan, G. C, 
Nessell. C. W. 
Newton, A. B. 
Nicols, J. A. 

Orr, G. M. 

Petersen, B. W. 
Petersen, C. P. 
Proebstle, L. 
Reisberg, L. K. 
Reach. R, J. 
Roberts, H. P. 
Rosas, M. L. 
Rowley, F. B. 
Rowley, R. K. 
Schad, C. A. 
Schulte, A. W. 
^lert, E. H. 
Stafford, J. F, 
SUller. F. W. 
SutherlancL D. L. 
Swanson. D. F. 
Swenson, J. E. 
Tupper, E. B. 

Uhl, E. J. 

Uhl, W. F. 

Willis, L. L. 

Nicollet Island — 
Schcrnbcck, F. H. 
Owatonna— 
Anderson, G. A, M. 
Robbinsdale^ “ 

Hyde. L. L. 
Rochester — 

Adums, N. X>« 

St. Paul— 

Anderson, D. B. 
Backatrom, R. E. 
Bauer, A. E. 

Bean, G* S. 

Colman, K, C. 
Craig, J. A. 
Diamond, D. D, 
Kstes, E. C. 
Gausnian. C. E. 
Hickey, D. W. 


Tupelo — 

Dabbs, J. T. 

MISSOURI 

Clayton — 

DuBois, L. J. 
Weber, E. F.. Jr. 

Ferguson — 
Szombathy, L. R. 

Ft. Leonard Wood- 
Checseman, E. W. 

Glendale — 

Nelson, C. L. 

Independence — 
Cook, B. F. 

Jefferson City — 
Woodman, L. E. 

Joplin — 

Jones, J. T. 
McMullen, E. W. 
Satterlce, H. A. 

Kansas City— 
Arthur, J. M., Jr, 
Ball, W, 

Banner, F. L. D. 
Btxmes, A. R. 

Bcte, H. D. 

Boyd, L. E. 

Caleb, D. 
C'ampbeil, K, K, 
Campbell, R. P. 
Cassell, W. L. 
Clegg, C. 

Dean. F. J.. Jr, 
Dean, M, H. 
Dodds, F. F. 
Downes, N. W. 
Farber, L, M. 
Kehlig, J. B. 
Fchllg, J. B., Jr. 


Kirkwood — 

Laute, F. A. 
Schwartz, N. E. 

Normandy — 

Dullc, W. L. 

North Kansas City — 
Nelson, A, A. 
Overland — 

Cain. W. J. 

Richmond Heights — 
Noord, D. F. 

Siegel, D. E. 
Spelbrink, R. G. 

St. Joseph — 

Harton, A. J. 

Zurow, W, A. 

St, Louis — 

Ahrens, C. F. 

Bayse, H. V. 
Blackmorc, J. J. 
Boester, C. F. 
Bradley, E. P, 
Burnap, C. H. 
Carlson, E* K. 

Carter, J. H. 
Clarkson, J. R. 
Cooper, J. W, 
Corrigan, J, A, 

Davis, C. R. 
Driemeycr, R. C. 
Drcher, L. F. 

Evans, B. L, 

Fagin, D. J. 

Falvcy, J, L). 
Gilmore, L. A. 
Grossmann, H. A. 
Grossenbacher, 11, K, 
Haller, A, L, 

Hamig, L. X^. 

Hester, T. J. 

Horch, G. k, 

Kella, W. B. 

KiUoren, D. E. 
Kuntz, E. C. 
Laskarls, N. O. 
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Laufketter, F. C. 
Malone, J. S. 
McLamey, H. W. 
McMahon, T. W. 
Moon, L. W. 

Norris, W. P. 

Oonk, W. J. 

Peiser, M. B, 
Pellegrini, L. C. 
Rodenheiser, G. B. 
Rosebrough, J. S. 
Saenger, L, W. 
Sampson, W. D. 
Sanders, C. M., Jr. 
Scherrer, L. B. 
Simons, B. C. 
Sodemann, P. 
Sodemann, W. C. B. 
Stammer, E. L. 
Steckhan, L. 
Tenkonohy, R. J. 
Toensfeldt, R. 

Weiss, W. G. 

University City — 
Carlock, M. F. 

Sharp, H. C. 

Smith, R. C. 

Webster Groves — 
Hartwein, C. E. 
Hyde, D. F. 

Jones, E. A. 

Myers, G. W, F. 
Ronsick, E. H. 
Rosebrough, R. M. 

MONTANA 


BiUings— 
Cohagen, C. C. 

Butte — 

Sullivan. T. J, 

Great Falls — 
Ginn, T. M. 


NEBRASKA 


Hastings — 

Swingle, W- T. 

Lincoln — 

Hellmers, C. C., Jr. 
Lehman, M. G. 
Stanton, H. W. 
Williams, D. D. 

Omaha — 

Adams, E. F. 
Eaton, B. K. 
Furber, S. L. 

Green, E. W. 
Kleinkauf, H. 
Mathis. J. 
McCuUey, D. E. 
Merwin, G. E. 
Olson, M. J. 
Peterson, B. G. 
Reifschneider, J. 
Saxon, R. B. 

White, W. R. 

Wiser, C. E. 

Schuyler — 
Matousek, A. G. 

Scottsbluff — 

Davis, O. E. 


NEVADA 


Reno — 

Humes, W. E. 
Mast, C, M. 

’ Stevens, H. R. 
Stevens, J. E. 
Thompson, C. 


NEW JERSEY 


Asbury Park — 
Strevell, R. P. 

Atlantic City — 
Strouse, S. B. 

Bayonne — 
Schwartz, J. 

Belleville— 
Thornton, T. L. 

Blackwood — 

Weid, H. L. 

Bloomfield — 
Albright, C. B. 
Austin, W. H, 
Berry, R. U. 
Burges, J. H. M. 
Faust, F. H. 
Jackes, H. D. 
Kelsey, H. D. 
McLenegan, D. W. 
Tenney, D. 

Bogota — 

Griess, P. G. 
Mumford, A. R. 

Camden — 

Brown, W. M. 
Coward, C. W. 
Hynes, L. P. 
Kappel, G. W. A. 
Plum, L. H. 
Webster, E. K. 
Webster, W., Jr. 

Chatham — 

Maddux, O, L. 

Cliff side Park— 
Butler, P. D. 

Closter — 

Steinke. B. J. 

Ceilings wood— 
Mohrfeld, H. H. 

Deal— 

Fineran, E. V. 

East Orange— 
Ferguson, R. R, 
Schrotlx, A. H. 
Tallmadge, W. 
Turno, W. G. W, 
Wild man, E. L. 

Elizabeth— 
Anderson, J. W. 
Bermel, A. H. 
Cornwall, G. 1. 

Englewood — 
Hendrickson, W, B. 


Erlton — 

Powers, E. C. 

Essex Fells — 

Ekings, R. M., Jr. 
Soule, L. C. 

Stacey, A. E., Jr. 

Fort Dix— 

King, J. S. 

Sharp, J. R. 

Sobel, F. 

Freehold — 

Buck, D. T. 

Haddonfield — 
Buzzard, F. H. 
Matthews, J. E. 

Hasbrouck Heights — 
Goodwin, S. L. 
Hoecker, G. F., Jr. 


Orange— 

Crawford. J. H., Jr. 
Moraweek, A. il., Jr. 

Passaic — 

Bichowsky, F. R, 
Blazer, B. V. 

Paterson — 

Cox, H. F. 

Frank. O. K. 
McBride, J. N. 

Perth Amboy— 
Simkin, M. 

Plainfield— 

Pond, W. H. 

Reis, R. 

Red Bank — 

Isaacs, H. A., Jr. 
Miner. H. H, 


Hoboken — 

Dick, H. S. 

Irvington — 
Feldermann, W. 
Reinke, A. G. 
Stengel, F. J. 

Jersey City — 

Jones, H. L. 
Kunzog, T. W. 
Ritchie, W. 
Walterthura, J. J. 

Kearney — 

Shaffer, C. E. 

Kenvil — 

Johnston, R. M. 

iKKxnia — 

Close, R. 

Lyndhurst — 

Ehrlich, M. W. 

Maplewood— 
Settelmeyer, J. T. 

Merchantvillo- - 
Binder, C. G, 

Montclair — 

Broome, J. 11, 
Jacobus, D. S. 

Newark — 

Brsaint, P. J. 
t'arey, P. C. 
Conklin, R, M. 
Haltmanek, L, M. 
Knise, W. C„ Jr. 
Kuctnski, W. V, 
Leinrotli, J, P, 
Morehouse, H. P, 
Ray. L. H. 

Raymer, W. K., Jr. 
Steinmetz, C. W. A. 
Terhune, R. D, 
2cmelman, I, M. 

New Brunswick— 
WoUn, M. W, 


Ridgewood - 
Fitts. J. C. 

Miller, A, 'I'. 
Walton, c:. \V„ Jr. 

South Orange - 
Anderson, K. L. 
Browne, A. L, 

Summit - 
Oaks. 0.0. 

Tcaneck ‘ 

Heebnei. W. \L 
Roy, A. t . 

Union * 

I.yman, S. R. 

Union <'.Iiy 
Taverna, F, I*. 

Verona ** 

Boxull, K 

Vineland - 
Houck, U, C, 

West Engteton ■ 
lluU’heon, (*, K. 

Westfield • 
nansicr, J, K. 

Westmont ' ^ 
Robinson, R, R. 

West Orange 
AtUam, T. K. 
Smively, R, H. 

Woodbury 

Schmielrr, J. U. 

NEW YORK 


Albany - 
Bond, II. A. 
Murray, T. F, 
Mytinger, K. 
Tuu^n. K, 
Taylor. R, B. 
Teeling, A. 
Westover, W, 


Nuticy— Dig Until 

Morris. C.R. Duvk B, (, . 
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BronxvUle — 
Bishop, C. R. 
Dornheim, G. A. 
Groves, S. A. 

Brooklyn — 

Balsam, C. P. 
Biennffer, F. A. 
BiRolet, L. 

Brex, I. E. 

Deicr, B. 

Dutcher, H. S. 
Dwyer, T. F. 
Fidelias, W, R. 
Goldberg, M. 
Hoymsfield, H. R. 
Hollister, N. A. 
Jacobi, B. A. 
Janet, H. L. 
Josephson, S. 
Krciner, J. 

Levine, C. 

Levine. L. J. 
London, JM. 
Phillips. F. W, 
Ritchie, E. J. 
Rodman, R. W. 
Schcchter, J. E. 
Thornburg, H. A. 
Tusch, W. 
Vervoort, E. L. 
Wachs, L. J. 
Weissblatt, N. 


Aderna, G. E. 
Beman, M, C, 
Berringcr, S. H. 
Booth, C, A, 

("herry, L. A. 
Cheyney, C. C. 
Constint, S. 
Gurry, R. F. 

Davis, J. 

Day, IL C. 

Drake, G, M. 

Evans, K. C. 
Farnham, R. 

Farrar, CL W. 
Harding, L. A. 
Hawk. J. K. 

Heath. W, R. 
Hettkel, K. P., Jr. 
Hedley, P. S. 
Hirschman, W, F. 
Hurwich, S. B. 
Jackson, M. S. 
Rumman, A. R. 
Landers, J. J. 
Lenlhan. W. O. 
LigUthart. <^. H. 
Long, IL P. " 
Love, C. H. 
Madison, K. D, 
Mahoney, D. J. 
Moesel, A. 
Mosher, C. H. 
Peterson, 1). J, 

PUni timer, R. L. 
C)ua<*kenbiish, S, M, 
Keif, A. K, 

Keif, C. A. 

Roebuck, W., Jr. 
S<‘hmldt, IL 
f^elbuch, IL, Jr. 
St‘yiung. W. (1 
Siegel, R. C\ 
Stnnmers, W. J, 
Spencer, W. E. 
X'Tilsinet, W. E. 
Walker, K. R. 
Wendt, E. F. 

Whitt, S. A. 

Vager, J. J. 


Croton — 

Elliott, 1. 

Dewitt — 

Keane, G F. 

Dunkirk — 

Mayne, W, L. 

Eden — 

Ensign, W, A. 

Lewis, H. F. 

Fayetteville — 

Des Reis, J. P'. 

Hamberg — 

Schafer. H. C. 

Hastings -on -Hudson 
Hewett, J. B. 
Reynolds, T. W. 

Irvington — 

Bastedo, A. E. 

Ithaca — 

Elwood, W. H. 
P'redcrick, H. W. 
Sawdon, W. M. 
Williams. J. W. 
Woods, E. H. 

Kenmoro — 

Candee, B. C. 

Criciui, A. A. 
Mollenberg, H. J. 
Mould. H. W,. Jr. 
Strouse. S. W, 
Tillingluiat, H, S. 

Kodak Park- 
Cook, R, P. 

Larchmont — 

Tiltz, B. E. 

Lockport— 

Saunders, L. P. 


Long Island — 

Alt, H. L. 

(St. Albans) 

Apt. S. R. 

(Bayside) 
Bachmaun, A. J. 

(Ridgewood) 
Bastedo, G. R. 

(Richmond Hill) 
Birkctt, H. S. 

(Koslyn Heights) 
Blackburn, E. C., jr. 

(Garden City) 
Bloom, L, 

(Freeport) 
Bonthron, R. C\ 

(Hcmp8tt*ad) 
Carbone, J. IL 

(St. Albans) 
Carroll, D. E. 

(Woodside) 

Chase, C. L. 

(Manhuaset) 

Crone, T, E. 

(Jamaica) 
hListwofKl, IL F. 

(Merrick) 


Eschenbach, S. P. 

(Bayside) 

Fisher, J. T. 

(Flushing) 

Franck, P. 

(Jackson Heights) 
Freeman, A. W. 

(Jackson Heights) 
Fritz. C. V. 

(Freeport) 

Fuller, E. W. 

(Woodhaven) 
Gilman, F. W. 

(Long Island City) 
Gornston, M. H. 

(Jamaica) 

Graber, E. 

(Douglaston) 

Hiers, C. R. 

(Great Neck) 
Hirsch, M. H. 

(Forest Hills) 
Holland, G. R. 

(Elmhurst) 
Jalonack, 1. G. 

(Hempstead) 
Kadel, G. B. 

(Valley Stream) 
Kahn, C. R., Jr. 

(Woodmere) 

Keller, G. A. 

(Wantagh) 

Kern, J. F., Jr. 

(Massapequa) 
I^ne, D. D. 

(Elmhurst) 

Lang. J. 

(Richmond Hill) 
Langbcrg, M. 

(Jackson Heights) 
I/uRaus, J. 

(Jackson Heights) 
Lawrence, F. D. 

(Jackson Heights) 
MaeWatt, D. A. 


(Plandome) 
Magnusson, N. 

(Jamaica) 

Marino, F. A. 

(Corona) 

Matzen, H. B. 

(Rockville Centre) 
Meyer, C. L. 

(Hollis) 

Olsen, G. E. 

(Arverne) 

Pabst, C. S. 

(Woodhaven) 
Potter, J. R. 

(Long Beach) 
Quirk, C. H. 

(Hempstead) 
Raynis. T. 


(Manhasset) 
Rose, J. C, 


(Hollia) 

Rudd, D. J. 

(Babylon) 
Schwartz, m. 

(Far Rockaway) 
Sherbrooke, W. A. 

(Kew (wardens) 
Spoerr, F, F. 

(Jamaica) 

Stungle, W, H. 

(Forest HiUs) 
Stenie, C, M. 

(Long Island City) 
Thomson, T. N. 

(Huntington) 
Tucker, F. N. 

(Freeport) 

Wallace. G, J. 

(East Elmhurst) 
Wheeler, J., Jr. 

(Manhasset) 


Mt. Vernon — 

Brod, B. M. 

Cuilin. W. W. 
Freitag, F. G. 
Herske, A. R. 
Morse, F. W. 

Now Rochelle — 
Abrams, A. 

Farley, W. F. 

Fitz, J. C. 

Mank, M. 

Rose, H. J. 

Virrill, G. A. 

New York — 

Adams, E. E. 
Addams, H. 
Addington, H. B. 
Akers, A. W. 

Akers, G. W. 
Ambrose, E. R. 
Ashley, E. E. 

Baker, R. H. 

Baker, T. 

Barbieri, P. J. 

Baum, A. L. 
Bcarman, A. A. 
Beebe, F. E. W. 
Bennett, E. A. 
Berman, L. K. 
Bodinger, J. H. 
Bolton, R. P. 

Bond, H. IL 
Borak, E. 

Brown, D. 

Buensod, A. C. 
Carpenter, R. H. 
Chester, T. 

Citron, D. J. 

Clay, W. 

Cucci, J. 

Darts, J. A. 

Davis, C. 

Davison, R. L. 
Demarcst, R. T, 
Denny, 11. R. 
Deterling, W, C. 
Dodge, 11. A. 
Donnelly, R. 

Downs, C. R. 

Eadie, J. G. 

Engle, A. 

Feldman, A. M. 
Fiedler, H. W. 
Firestone, M. T- 
Fleisher, W. L. 
Foster, J. G. 
Friedman, F. J. 
Friedman, M. 
Friend, W. F. 

Fuller. C, A, 

Gczari, Z. 

Gianni ni, M. C. 
Goldsmith, E. 
(rordon, P. B. 
(Jrcenburg, L. 
Gumaer, P, W. 

Hall. C. J. 
Ilanburger, F, W. 
Harrigan, E. R. 
Heckler, S. 

Heibd, W. K. 

Heller, J. A. 

Henry, A. S., Jr. 
Horing, A. 

High, J. M. 
llinrichsen, A. F, 
Hobbie, E. H. 
Hoffman, C, S. 
Honerkamp, F. 
Hosklng, IL L. 
Ilotchkiss, C. IL B. 
Hyman, W. M. 

1 verst rom, CL 
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James, J. W. 
Jatios', W. A. 
jarcho, M. D. 
Johnson, H. S. 
Kaczenski, C. 
KeUy, C. J. 
Kepler, D. A. 
KimbaU, D. D. 
Kingsland, G. D. 
Koehler. C. S. 
Kuhimann. K. 
Kunen, H. 

Kurth, F. J. 

Lee, B. H. 

Lucke, C. E. 
Markush, E. U. 
Martin, G. W. 
Matheka, C. R. 
McCann, F. D. 
McCUntock. W. 
McKitrick, W. D. 
Meinke. H. G. 
Meyer, H. C., Jr. 
Milener, E. D. 
Miller, C. A. 
Miller, J. 

Milligan, D. G. 
Mollander. E. D. 
Morro, J. J. 
Munier, L. L. 
Munkelt, F. H. 
Offner, A. J. 

Oldes, W. E- A, E. 
Olson, R- G. 
Olvany. W. J. 
Page, V. C. 

Parker, D. F. 
Patomo, S. A. S. 
Place, C, R. 

Pohle, K. F. 
Poliak, R, 

Pryke, J. K. M. 
Purinton, D. J. 
Rainson, S. J. 
Raisler, R. K. 
Rather, M. F, 
Reid. H. P. 
Reynolds, W. V. 
Ritter, A. 
Rosenberg, P. 

Ross, J. O. 

Roth, C. F. 

Ryan, H. J. 

Salter. E. H, 
Samuels, S. 

Sallow, A, 

Sawhill, R. V. 
Schoepflin, P. H. 
Scott, G, M. 

Seelig, A. E. 

Self, V. F. 

Sellman, N. T. 
Senior, R. L. 
Sklenarik, L. 

Smith, M. S. 
Stellwagen, F. G. 
Sternberg, E. 
Stevens, E. K. 
Strock, C. 

Strunin, J. 

Syska, A. G. 
Taylor, F., Jr, 
Timmis, W. W, 
Trambauer, C, W. 
TuthiU A. F. 

Tyler, R. D. 
Vetlesen, G. U. 
Vroome, A, E, 
Wadsworth, R. H. 
Walford, L. C. A. 
Waring, J. M. S. 
Wasson, R. A. 
Webster, C. C. 
Wheller, H, S. 
Wilder, H. P. 
Williams, H, E, 


WiUner, I. 
Wri^tson, W. T, 
Zuhlke, W. R, 

Niagara Falls — 
Woolcock, £. 
North Tarrytown — 
Weiss, A. P. 


Taliaferro, R. R. 
Traynor, H. S. 
Woese, C. F. 

Tarrytown — 
dTssertelle, H. G. 
Tonawanda — 
Karlsteen, G. H. 


North Tonawanda — 
Conaty, B. M. 
Ossining — 

Dee. L. H. 

Plattsburg Barracks- 
Grabman, H. B. 
Poughkeepsie — 
Bertolette, C., Jr. 
Rochester — 

Baker, H, L.. Jr. 
Betlem, H. T. 
Dickason, G. D. 
Hakes, L. M. 
Hutchins, W. H. 
Kimmell, P. M. 

King, R. L. 

Leonhard, L. W. 
Lewis, C. E. 

Stacy, S. C. 
Treadway, J. Q. 
Vidale, R. 

Wilder, E. L. 
Whittaker, W. K. 
Willson, F. J. 

Rome — 

Lynch, W. L. 
Scarsdale — 

Gumming, R. W. 
Schenectady — 
Harrington, E. 
Hunziker, C. E. 
Welch. L. A., Jr. 

Snyder — 

Gifford, C. A. 

Staten Island — 
Brown, H. J. 

Callahan, P. J. 
Frimet, M, 

Johnson, E. B. 
Pfuhler, J. L. 
Vivarttas, E. A. 
Volkhardt, A. N. 
Waechter, H. P. 

Syracuse — 

Ashley, C. M. 

Carrier, W. H. 

Cherne, R. E. 

Day, V. S. 

Driscoll, W. H. 
Dunne, R. V. D, 
French, D. 

Fritzberg, L. H. 
Goldmann, P. 

Graham, W. D. 
Hockensmith, F. E. 
Ingels, M. 

Lewis. L. L. 

Lyle, J. I. 

Lyon, D. M. 

Mohsin, S. 

Murphy, E. T. 

Noble, M. 

Schoeffter, H. M. 
Sheldon, N. E. 

Silvera, A. 

Snyman, G. C. 


Tuckahoe — 
Goulding, W. 
Utica— 

Randolph, H. F, 
Steinhorst, T. F. 

Valhalla— 

Mehne, C. A. 
Watervllet — 
Schubert. A. G. 
Westfield — 

Van Alsburg, J. H. 
White Plains— 
Belsky, G. A. 

Guler, G. D. 

Zibold, C. E. 

WilUamsville— 
Morgan, R. W. 
Yonkers — 

Eggers, W. K. 

Flink, C. H. 

Goerg, B. 
Harmonay, W. L. 
Ormiston, J. B. 
linger, W. F. 
Werker, H. 

Yorktown — 
Gitterman, H. 

NORTH CAROLINA 


Camp Davis — 
Barnes, H. S. 
Charlotte — 

Baber, J. E. 
Bailey, J. L. 
Brandt, E. H., Jr, 
Hill, H. H. 

Hodge, W. B. 

Lee, R. T. 
Muirheid, J, G. 
Petty, C. E. 


Petty, C. E. 
Warren, R. M., Jr, 
Wooten, M. F., Jr. 

Cherry Point- 
Rock, G. A, 
Durham — 
Altemueller, G. F. 
Cooke, T. C. 
Daddario, F. T. 
Nicholson, S. J. 
Reed, F. J. 
Skinner. A., Jr. 
Theiss, E. S. 
Wallace, W. M.. 11 

Fort Bragg— 
Croley, J. G. 
Kummer, C. J. 

Greensboro — 
Adams. C. Z. 
Guest. P. L„ Jr. 
Harding, E. R. 


Hoffman, H. 
Klages, F. E. P. 
Oertel, F. H. E. 

High Point- 
Gray, H. E. 

Gray. W. E. 

Lewis, W. W. 

Morehead City — 
Abramson, R. J. 

Newport — 

Long. E. J. 

Raleigh— 

Rice, R, B. 
Vaughan, L. L. 

Wln8ton>$alem — 
Andrews, W. G. 
Bahnson, F. F, 
Brown, M. 1>. 
Cornwall, C. C. 
Marshall, J. 
McCallum, 0. E. 
Page. A, 

Wrighsville Beach- 
Burr, G. C. 


OHIO 


Akron— 

Curl. R. S. 
Amsterdam — 
Allcnsworth, J, E, 

Ashland— 

Rybolt, A. L. 

Chagrin FaUs- 
Guilbcrt, S. R. 
Wilson, R, A, 


Cincinnati— 

Bechtol, J. J, 

Bird. C. 

Black, J. M. 

Blum, R. J., Jr, 
Boyd, T. D. 

Buenger, A. 

Coombe, J, 

Cott, W. B. 

Crombie, J, 

Edwards, A. W. 

Ellis, G. P. 

Gannon, K. R. 

Green, W. C. 

Hard, A. L. 

Helburn. I. B, 

Houlis, U IX 
HucIepohU L, F. 
Huelsman. A. G. 
Iluii. C. K, 
Hutchinson. B. L«, Jr. 
Juergens, W, A. 
Junker, W, H. 

Kiefer, 0. J. 

KUliutt, W, J. 

Kinney. A. M. 
Kramig, R. E,. Jr. 
KutmprJ, L. L. 
Leupold. G. L« 

Le^ H. E. 
MatUewion. M, E. 
McNamee. E, W, 
Moore, H. W. 

Mot*. O. W. 
Murstnna, 0* P. 
Pfriem, P. G. 
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ROLL OF MEMBERSHIP 


PiUen, H. A. 

PisUer, W. C. 
Richard, E. J, 
Royer, E. B. 

Ruff, A. G. 

Sigmund, R. W. 
Silberstein, B. G. 
Sproull, H. E. 
Stevens, W. R. 
Sutfin, G. V. 
Thompson, E. B. 
Ward, F. J. 
Washington, L. W, 
Williams. E. C. 
Wright, K. A. 

Cleveland — 

Auer, G, G. 
Baggaley, W. 

Beach, W. R. 
Berger, J. L. 

Borkat, P. 

Cohen, P. 

Conner, R. M, 
Cummings, R. J. 
Curtis, H. F. 
Cushing, C. F, 
Downe, E. R. 
Evans, W. A. 
Flvclcth, C. F. 
Findley. H. N. 
Fleming, P. B. 
Friedman, A. 
Cayman, P. D. 
Celtz, R. W. 
Cottwald, C. 

Cray, E. W. 

Half, N, H- 
Harvey. L. C. 
Heisterkamp, H. W. 
Jones, J. P, 
Kaercher, C. M, H. 
Kitchen, F. A, 

Klie, W. 

USalvia, J. J. 

Levy, M. I. 

Machen, J. T. 
McKeeman, C, A. 
McLciah, W. S. 
Moore, W. R, 
Nachman, G. P, 
Nobis, H. M. 
Novotney. T, A. 
PlatK, J. F. 

Pogalies, L, H, 
Powers, U G. 
Priester, G, B. 

g uick, IL A. 

elch, J. G. 

Repp. 11. L. 

Rowe, W. M, 
Slawson, h. E. 
wSraith, W. D, 
Stmthmayd, R. T. 
Ta*c. D. L. 

Tuve, G. L. 
Vanderhoof, A. L. 
Webb, K. C. 

Weldy, L. 

Wct*eU, IL E. 
Young, K. O, 

Cleveland Heights-^ 
Cady, E. F. 

Clark, R. L. 
Dickens, L, A, 
Rhoton, W, R. 

Columbus-* 

AUonier, H. R. 
Armstrong, E. T. 
Benson, M, U 
Breneman, R. H, 
Brown, A. I, 
Kngduhl. R, B. 


Gowdy, A. C. 

Leiby, R. S. 

Myler, W. M., Jr. 
Noble, J. P. 

OelgoeU, J. F. 
Sherman, R. A, 
Slemmons, J. D. 
Williams, A. W. 

Cortland — 

Swenehart, D. W. 

Cuyahoga Falls — 
Humphrey, D. E. 
Ray, G. E. 

Dayton — 

Anoff, S. M. 

Baker, I. C. 

Brown, J. S., Jr. 
Brown, T. 

Chapman, W. A., Jr. 
Gibbons, M. J, 
Gonzalez, R. A, 
Kucher, A. A. 
Lindsay, G. W.. Jr. 
Livar, A. P. 

Smith, N* J* 

Weaver, J. O. 
Woodward, R. 
Worsham, H. 

White, E. D. 

Wyld, R. G. 

East Cleveland — 
Geiger, R. L. 

Stark. W. E. 

Steffner, E. F. 

Elyria — 

Maynard, J. E. 


Reardon, J, F. 
Wilhelm. J. E, 

Fairfield — 
Linebaugh, J. E. 
Hamilton — 

Thomas, L. G. L, 
Thomas, R. H. 

Kent— 

Saginor, S. V* 

Lakewood — 

Longcoy, G. B. 
Schurman, J. A., Jr. 

Lima — 

Hawisher, H. H. 
Lorain — 

Jackson, W. F. 
Middletown— 

Byrd, T. 1. 

Somers, W. S. 
Stewart. R. ^ 

Newark — 

Waggoner, J. H. 
Norwood— 

Braun, J. J. 
Oberlin— 

L. S. 

Sable, E, J. 

Painesville' - 
Hobbs, J. C, 


Piqua — 

Lange, R. T. 

Shaker Heights — 
Avery, L. T. 

Foley, J. L. 

Wright, D, K.. Jr. 

South Park — 

Barney, W. E. 

Springfield — 

Hauck, E. L. 

Spring Valley- 
Wood, C. F. 

Toledo — 

Hall, J. R. 

Jones, S. 

Terry, M. C. 
Watkins, G. B. 

University Heights — 
Mannen, D. E., Jr. 

Waverly— 

Armbruster, F. T. W. 

Wilmington — 
Marconett, V. G. 
Sapp. C. L. 

Youngstown — 
Montgomery, J. R. 
Sgambati, P. 

OKLAHOMA 

Lawton — 

MacGregor, C. M. 

Norman — 

Dawson, E. F. 

Oklahoma City — 
Braniff, P. R. 
Carnahan, J. H. 
CarroU, W. M. 
Dolan, R. G. 

Gray, E. W, 

LoefSer, F. X., Sr. 
Mideke, J. M. 

Morin, A. R. 
Rolland, S. L. 

Tiller, L. 

Tulsa— 

Dean, C. H. 

Holmes, A, D, 


Jones, E. 
Melnholtz, H. W. 
Mumford, W. W. 

OREGON 

Corvallis— 

Willey, E. C. 
Eugene — 

Chase, P. S. 

Portland— 
Armstrong, C. E. 
Banta, G. 
Brissenden, C. W. 
Burtchaell, J. T. 
Burton, W. R. 


Byrne, J. J. 
Campau, W. R. 
Carroll, E. E. 
Chase, R. E., Jr. 
Clark. A. C. 
Enders, C. E. 
Fames, B. W. 
Finnigan, W. T. 
Fox. W. K. 
Freeman, J. A. 
Gehrs, W. 
Goehler, E. E. 
Gribbon, J. H. 
Hanthora, W. 
Harrington, L. J, 
Heinkel, C. E. 
Hoey, J. K. 
Kolias, W, J. 
Kroeker, J. D. 
Lynch, J. R. 
McClung, T. H. 
Meindoe, J. F. 
Mead, H. K. 
Moore, B. W. 
Morrison, W. B. 
Murhard, E. A. 
Neubauer, E. W, 
Nielsen, H. B. 
Ponder, E. 
Richardson. L. S. 
Risley, G. H. 
Taylor, T, E. 
Turner, E. S. 
Urban. F. F. 
Watson, K. W, 
Weller, A. K. 
Widmer, W. J. 
Yates, J. E. 


Cooper, D. E. 

Van Wyngarden, J.E. 


PENNSYLVANIA 


Abington — 

Bigelow, E. S. 

Park, N. W. 

Aldan — 

Mulcey, P. A, 

Allentown — 

Goundie, J. K, 
Herah, F, C. 

Hilder, F. L. 

Korn, C. B. 

Ambler — 

McElgin, J. W. 

Bala— 

Stewart, J. P. 
Wearanga, R. R. 

Bethlehem— 

Curley, E. L 
Mumln, E. A„ Jr. 
Stuart, M. C, 
Warner, C. F. 

Blairsvllle- 
Mabon, J. E. 

Bradford— 

Paterson, F. C., Jr. 

Brookline Park— 
Call, J. 

Bryn Mawr— 
Mcilvaine, J. H. 
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Dravosburg — 
Marshall, A. W. 

Drexel Hill — 
Mather, H. H. 
Matz, G. N. 

Dunbar — 

Sherwood, L. T. 

East Pittsburgh — 
Hazlett, T. L. 
Penney, G. W. 

Elizabethtown — 
Dibble, S. E. 

Erie — 

Joyce, H, B. 

Freeport — 

McCullough, J. L. 

Glenmoore — 

Gant, H. P. 

Glenside — 

Tucker, L. A. 

Harrisburg — 

Eicher, H. C. 
Geiger, I. H. 

Herre, H. A. 

Haverford — 

Arnold, R. S, 

Jenkintown— 

Buck, L. 

Johnstown — 
Hunter, L. N. 
Knowles, F. R. 

Xennett Square — 
Battan, S. W. 

Kingston — 

Macdonald. D. B. 
McGown, F. H„ Jr. 

Lancaster — 

Jones, A. 

Lloyd, E. C, 
Weitzell, P. H. 

Lansdowne — 

James, H. R. 
Seltzer, P. A. 

Manheim — 

Weitzel, C. B. 

McKeesport — 
Dugan, T. M, 

Merlon — 

Haynes, C. V. 

Middletown — 

Locke, R. A. 

Milton — 

Molm, H. L. 

Narberth — 

Grant, W. A. 

Scarle, VV. J., Jr. 
Wilmot, C. S, 


New Hope — 
Davidson, P. L. 

New Kensington — 
Edwards, J. D. ^ 

Newtown — 

Lewis, T. 

North Irwin — 

Cost, G. W. 

Oakmont — 
Lieberman, M. S. 

Oxford — 

Ware, J. H., Ill 

Pliiladelphia— 
Bachman, F. 
Ballman, W. H. 
Barnard, M. E. 
Barr. G. W. 
Bartlett. C. E, 
Belfoid, L, duB. 
Black, E. N., Ill 
Black, H. G. 
Blankin, M, F. 
Bogaty, H. S. 
Bornemann, W. A. 
Caldwell, A. C. 
Carney, E. J. 
Cassell, J. D. 
Childs, L. A. 

Cody. H. C. 

Crew, F. D. 
Culbert, W. P. 
Dafter, E. H. 
D’Ambly, A. E. 
Davidson, L. C. 
Dietz, C. F. 

Dome, A. G. 
Donovan, W, J. 
Eastman, C. B. 
Elliot, E. 

Erickson, H. H. 
Essley, H. A. 
Faltenbacher, H. J. 
Farrington, S. E. 
Galligan, A. B, 
Goff, J. A. 

Graham, J. J. 
Hedges. H. B. 
Hibbs, F. C, 
Hucker, J. H. 
Hunger, R. F. 
Hutchison, J. E, 
Ickeringill, J. C. 
Jacobsen, K. C. S. 
Jakoby, A. C. 
Jardinc, W. H. 
Keeling, F. V. 
Kelble, F. R. 
Killough, R. E. 
Kirkbride, j. O. 
Kohler, J. C. 
Knebel, A. E. 

Ladd, D. 
landau, M. 

I-auer, R. F. 

Lee, R. J. 

Leonard, R. R. 
Leopold, C. S, 

Lyon, P. S. 

Mack, L. 

Macrow, L. 

Makin, H. T., Jr. 
Martocello, J. A, 
McCullough, H. G. 
Mellon, J. T. J. 
Meloney, E. J, 
Mensing, F. D. 

Mil I ham, F, B. 


Moody, L. E. 
Morgan, R. C. 
Murdoch, J. P. 
Nesbitt, A. J. 
Nusbaum, L. 
Nusbaum, S. R. 
Parent, H. M. 
Peller, L. 

Pfeiffer, F. F. 
Plewes, S. E. 
Powell, G. W., Jr. 
Powers, E. C. 
Prewitt, H. B. 
Pryibil, P. L. 
Redstone, A. L. 
Rettew, H. F. 
Roberts, H. L. 
Rugart, K. 

Sabins, E. R. 
Semel, E. 
Shankhn, A. P. 
Sheffler, M. 

Shore, D. 

Smiles, R. H. 
Smith, D. J. 
Speckman, C. II. 
Timmis, P. 
Touton, R. D. 
Traugott, M. 
Tuckerman, G. K. 
Wagner, E, K. 
Wegmann, A. 
Wells, W. F. 
Whitney, C. W. 
Wiley. D. C. 
Wiltberger, C. F. 
Woolston, A. H. 
Woolston, R. H. 
Yerkes, W. L 


Pittsburgh— 
Ambrose, A. H. 
Baker, W. IL, Jr. 
Beatty, J. W. 
Bcighcl, H. A. 
Blackmore, G, C. 
Borton, A. R. 
Brauer, R. 

Braun, C. R., Jr. 
Breyer, F. 

BushncII, C. D. 
Carr, M. L. 

Collins, J. F. S., Jr, 
Comstock, G. M. 
Cooperman, K. 

Cox, vS. F. 

Daly, R. IC. 
Dickinson, R. P., Jr. 
Dorfan, M. I. 
Edwards, P. A. 
Everetts, J„ Jr. 
Fcrderber, M. B. 
Fullmaii, J. B. 
Gallagher, F, H. 
Gricst, K. C. 

Hiich. K. C. 
Ilample, H. J. 
Hebley, H. K 
Hecht, K. H. 
Heilman, K. 11. 
Herre. H. M. 
Houghten, K. C. 
Humphreya, C. M. 
Hyde, K. 1 1, 

Jones, L, K. 
KirkendiiH. H. J, 
Lieblich, M. 

Lifton, i). 

Lige, W. W. 

Loucka, D. W. 
Lowe, W. 

Maehling, L. S. 
Manning, C. K, 
Mahon, K. H, 

Maier, (J. M. 
McGonagle, A, 


McIntosh, F. C. 
Metzger, A. F, 
Miller. R, A. 

Moore, H. L. 
Mueller, J. E. 

Nass, A. F. 

NichoIJs, P. 

Park, H, IC. 

Peacock, G. S. 
Powers, R. W. 

Prole, J. 

Reed, A.. Jr. 

Reed, W. IL, III 
Reilly, B. B. 
Richfield, N. 11. 
Rieseck, W. L. 
Riesmeycr, E. IL, Jr. 
RittenhouHC, O. R. 
Rockwell. T. F. 

Rose, H. J. 

von Rosenberg, P. C. 

Ross. 1). S. 

Scanlon, E. L. 
Schneider, C. IL 
Simpwm, G. L. 
Simpson, R. L. 

Small, B. R. 

Smith, ('. F., Jr, 
Smith, R. L. 
vSmyers, E. CL 
Smith. W. F. 

Suavely, B. 
Speller, F. N. 

Stanger, R. B. 
Stauffer, J. E. 
Steggall, IL B. 
Stevenson, W, \V, 
Strauch, iL CL 
Sweeney, R. H. 
Tennant, R. J. J. 
Tower. E. S. 
Tumi».im\ J. IL, Jr, 
Waters, CL (L 
Weddell. (L (). 
Whitelaw. H. L, 
Winer, B. B. 

Pottstown - 
Huiberger, G. L. 
PottnvlUe - 
Marty. E, C). 

Primos - 
Johnson. A. J. 

Reading " 

KeeHC. IL L. 

RellTton • 

Luck, A. W, 

Ridley P»rk • 

Mawby, V, 

Sermnvon • 

<;ilhoy, J. P. 

Mahon. B. B. 

Lynn, F, K, 

Stroudsburg 
Kilter. K. j. 

Swmrthmor^ » 

Hobb«. W. S, 
Kobin»<m, A. S. 

Thtmi. <L H. 

Uniontown ■ 

Marks, A. A, 
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upper Darby — 
Ahlff, A. A. 
Bertrand, G. F. 
Kipe, J. M. 

Villa Nova— 
Morehouse, J. S. 

Washington — 
Fraxier, J. E. 

Wilkinsburg— 
Bibcr, ir. A. 
Campbell, T. F. 
Good, C. S. 
Graham, J. B. 

Williamsport — 
Axeman, J. K. 

York— 

Hertzlcr, J. R, 
Kaitorie, V. T. 
Mirabile, J. J, 
Nicoll, S. F. 
Walsh, K. R., Jr. 
2ieber, W. E. 


Elizabethtown — 
Torok, E, 

Kingsport — 
Herbert, J. S. 

Knoscvillc — 

Cross, F. G. 
Oakley, L. W. 

Memphis — 

Case, D. V, 
Danielson, W. A, 
Flinn, G. S. 
Hoshall, R. H. 
Shafer. W, P., Jr. 

Nashville — 
Armistead, W. C- 
Baker, W. C. 
Brown, F. 
Campbell, G. S. 
Crane, R. S. 
Shapiro, C. A. 


TEXAS 


RHODE ISLAND 


Pawtucket — 
Kramer, C. 

Providence — 
BlandinR, R. L, 
Coleman, J, B. 
Gibbs. K, W. 
Ilartwcll, J. C. 
McCarthy, J. J, 


SOUTH CAROLINA 


Charleston — 
Bailey, F. A., Jr. 
Burns, F. G. 
Hcrty, F. B. 


Amarillo — 
Burnett, E. S. 
Towne, C. 0. 

Baytown — 
Kurtz, R. W. 

Beaumont — 
Shell, J. 

Brenham — 
Woods, C. F, 

Brownwood — 
Rhine, G. R. 

Bryan— 

Stiles. G, S. 


Clomson— 

Shenk, D. IL 

Columbia — 

Hartin, W. R., Jr. 
Kerr, W. E. 
McDowell, H. L. 
Sherman, W. P. 

Fort Jackson— 
Sloane, D, J. 


College Station — 
Badgett. W. H. 
Giosccke, F. E. 
Hines, G. M. 
Hopper, J. S. 
Long, W. K. 
Smith, E. G, 

Corpus Christ 1 — 
Holsworth, R. C. 
Knepper, H, H. 


Greenville— 
Ramaeur, V. D. 
Waldrop, J. E. 

SOirtn DAKOTA 

Lead 

Pullen, R. R, 

Sioux Falls— 
Monick, F. R. 

TENNESSEE 

Donelson — 

Wilson, V. IL 


Dallas — 

Alliaon, R. E. 
Anapachcr, T. 11. 
Bishop, J. A. 
Blum, H., Jr. 
Brown, M. L, 
Brown, M. W. 
Cox, V, G. 
DeVilbiss, P. T. 
Dowdell, J. R. 
Kutaler, K. E., Jr. 
Farrow, K. E. 
Gardner, C. K. 
Gcssell, K. T. 
Gilbert, L. S. 
Green, S. 11. 
Jclinck. F. R. 
Kribs, C. I.., Jr. 
Landauer, L. 


Lyford, R. G. 
Martyn, H. J. 
McClanahan, L. C. 
Newby, I. P. 
Perkins, R. C. 
Pfeiffer, D. C. 
Pines, S. 

Renouf, E. P. 
Rodgers, F. A. 
Rogers, R. C. 
Schimm, E. L. 
Stern, E. J. 

Ullrich, A. B., Jr. 
Warren. H. P. 
Zumwalt, R. 


Waco — 

Benham, F. C., Jr. 
UTAH 

Ogden — 

Young, J, T., Jr. 

Salt Lake City — 
Richardson, H. G. 
Rumsey, J, L. 


Denison — 

Linskie, G. A. 

Fort Worth — 

Beals, D. E. 

Harris, A. M. 
MacEachin, G. C. 
Miller, B. R. 
Skinner, H. W. 
Sprekelmeyer, J. M. 
Werner, R. K. 


Andrews, W. M. 
Banowsky, A. B. 
Barnes, A. F. 

Beaird, B. J. 

Bible, H. U. 

Boyd. R. L.. Jr. 
Chase, A. M., Jr. 
Cooper, D. S. 

Dieter. G. H. 
Dreacher, F, E, 

Earl, W. 

Howell. L. 

Johnson, R. B. 
Keeland, B. W. 
Maves, G. D. 
McKinney, C. A. 
Mills, D. M. 

Mitchell, A. J. 
Morrow, J. D. 
Naman. I. A. 

Olson, G. E. 

O wings, H. L. 

Pettit, E. N., Jr. 
Salinger, R. J. 
Spencer, R. M. 
Taylor, R. F. 

Walsh, J. A. 

Way, W. J., II 
Workman, A. E. 

Kingsville — 
Richtmann, W, M. 
Lubbock — 

Ainsworth, S. K. 

Sabine Pass — 

Mabley, L. C. 

Sah Antonio— 

Barnes, R. W. 

Diver, M. L. 

Ebert, W. A, 
Feldstein, U. 

Herbert, R. M. 
I^wkctt, L. S. 
Hummel, A. J. 

Texas City— 

Disney, M. A. 

Vernon — 

Weatherby, E. P*. Jr. 


VERMONT 


Burlington — 
Lanou, J. E. 
Raine, J, J. 


VIRGINIA 


Alexandria — 

Gault, G. W. 
Goergens, A. G. 
Millard, J. W. 
Norrington, W. L. 
Roach, E, R. 
Skagerberg, R. 
Ward, H. H. 

Arlington — 

Clarke. J. H. 

Fife, G. D. 

Grimes, F. M. 
Hackett, F. C. 
Home, H. F. 
Marshall W. D. 
Martens, E. D. 
Stokes, A. 
Whittlesey, W. C, 
Queer, E. R. 

Falls Church — 
Rogers, C. S. 

Fort Belvolr — 
McDermott, J. P. 

Fredericksburg — 
Delany, J, V. 

Front Royal — 
Ilartsook, G. S., Jr. 

Lawronceville — 
Jones. H. $. 

Lynchburg — 
Docring. P. L. 
P'ranklin, S. n.,Jr. 

McLean — 

Nye. L, B., Jr. 

Norfolk— 

Brewer, F. M. 
King, B. A., Jr* 
NowiUky, 11. S. 
Thomas, R. C. 

Petersburg- 
Ibison, J. L. 

Portsmouth - 
Rosenberg, I. 
Stubbs, W. C. 
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Richmond — 
Bahlmann, W. F. 
Bernard, E. L. 
Carle. W. E* 
Feder, N. 
Johnston, J. A. 
Peebles. J. K., Jr. 
Schulz, H. I. 
West, C. H., Jr. 

Roanoke — 

Bailey, A. E., Jr. 
Bemert, L. A. 
Nininger, C. H. 

Williamsburg — 
McGinnis, F. L. 

Windsor — 

Bailey, C. F. 


WASHINGTON 


Bremerton — 
Bysom, L. L. 
Naman, I. A. 
Davis, R. J. 


Kent — 

Boyker, R. 0. 

Port Orchard — 
Pratt, F. J. 

Seattle — 

Beggs, W. E. 
Bouillon, L. 
Clausen, A. H. 
Cox, W. W. 
Eastwood, E. O. 
Faulkner, J, H. 
Granston, R. O. 
Griffith, H. T. 
Hauan, M. J. 
Langdon, E. H. 
Leichnitz, R, W. 
LeRiche, R. E. 
MalUs, W. 
Matthies, L. A. 
May, C. W. 
Mead, G. E. 
Morse, R. D. 
Musgrave, M. N. 
Peterson, S. D. 
Pollard, A. L. 
Sparks, J. D. 
Twist, C. F. 
Wallis, W. M. 
Watt. R. D. 
Weber. E. L, 
Wesley. R. O. 
Williams, L. G. 
Zokelt, C. G. 


Spokane — 
Russell, W. B. 


Tacoma — 
Chase, R. E. 
Foote, E. E. 
Norby, K. H, 
Spofforth, W. 

Vancouver — - 
Alben, E. A. 


Yakima — 

McCune, B. V. 

WEST VIRGINIA 


Charleston — 
Rosenblatt, A. M. 
Rothmann, S. C. 
Shanklin, J. A. 
Shearer. W. A., Jr. 

Fairmont — 

Tonry, R. C. 
Wright, C. E. 

Huntington — 
Johnson, L. O. 

Largent — 

Donnelly, J. A. 

Mardnsburg — 
Caskey, L. H., Jr. 

South Charleston — 
Pugh, D. C. 

Wheeling— 

Hitt. J. C. 

WISCONSIN 


Appleton — 
Eisele, D. E. 

CUntonville — 
Quail, C. 0. 

Elm Grove — 
Winkler, R. A, 

Kohler — 
Hvoslef, F. W. 


Boden, W. F. 
Bowers. A. F. 
Buller, C. R. 
Brown. W. H. 
Cummiskey, J. F. 
Cutler, J. A. 

Davis, D. W., Jr. 
Davis, K. T. 

ElUs, H. W. 
Frentzel, H. C. 
Gerstenberger, E. J. 
Goldsmith, F. W. 
Griewisch, A. H. 
Haerle, R. A. 
Hamacher, K. F. 
Hamilton, H. S. 
Hanley, E. V. 

Haus, I. J. 

Hessler, L. W. 
Hoffman, A. 
Holland, W. T. 
Hughey, T. M. 
Jackson, C. H. 

Jung, J. S. 

Kluge, B. M. 

Koch, R. G. 

Krenz, A. S. 
Lavorgna, M, L. 
Lingen, R. A. 

Mack. E. H. 

McKee, J. W. 
Miller, C. W. 

Miller, L. B. 
Mueller, H. P. 

Noll, W. F. 
Ouweneel, W. A. 
Petersen, R. H. 
Podolske, A. R, 
Randolph, C. H. 
Reinke, L. F. 

Rice, C. J. 

Runge, C. H. 
Schreiber, H. W. 
Spence, M. R. 
Stevens, W. H. 
Swisher, S. G., Jr. 
Szekely, E. 

Thom, A. J. 

Tutsch, R. J, 

Volk, G. H. 

Volk, J. H, 

Weil. F. H. E. 
Weimer, F. G. 
Werner, P. H. 

Wolfe, J, S. 


La Crosse — 
Anderegg, R. H. 
Atherton, G, R. 
Bowen, J. C. 
Goodman, W. 
Pellmounter, T. V, 
Rowe, W. A. 
Thomas, N. A. 
Trane, R. N. 

Lake Delton — 

Page. H, W. 


Neenah — 
Angermcyer, A.'H, 
Eiss, R. M. 
Harvey, A. D. 

Racine— 

Dixon, A. G. 
Leitgabel, K, A. 
May, M. F. 
Menden, P, J. 
Minkler, W. A. 
Spieth, B. 


Madison — 

Dean, C. L. 
Feirn, W. H, 
Hall. G. 
Kliefoth. M. H. 
Larson, G. L. 
Nelson. D. W. 
Seymour, J. E, 
White, J. C. 


Thiensville— 
Trostel, 0. A. 

Wauwatosa— 
Gifford, E, W. 


PHILIPPINE 

ISLANDS 


Milwaukee — 
Alfery, H. F. 
Allan, W, 
Becker, C. S. 


Manila — 
Hausman, 
Macrae, R.1B. 


DOMINION OF 
CANADA 


Arvlda, Quo. — 

Kent, A. D. 

Brandon, Man. — 
Yates, J. E. 

Yates, R. A. 

Calgary, Alta — 
Deeves, E. W. 
Jenkins, S. D. 

Edmonton, Alta. — 
Mould, D. K, 

FHn Flon, Man. — 
Foster, P. il. 

Freeman, Ont.— 
Goodmm, W. E. 

Galt, Ont.““ 

Libby, R. S, 
Sheldon, W. 1)., Jr. 

Halifax, Nova Scotia 
Meagher, A, T. 

Hamilton, Ont. - 
llickens<m, M. E. 
Moffat, O. G. 

Hampstead, P. Q, 
Montgomery, K. O. 

Islington, Ont. — 
Wilson. 0. T. 

Kingston, Ont. - 
Arkley. L. .M. 


Kitchener, Ont. 
Beavers, CJ. R. 
PolhKTfc. c:. A. 

Leaside, Ont. - 
Norton, J, A. 
London, Ont.- ■* 
Gilbert, T, 
(ypiaherty, J. if. 

Montreal, P.Q. - 


Rogers, T. L. C. 
Armstrong, W. J, 
Ballamyn<‘, L. 
Baxter, W, E, 
Berridge. VV. W. 
Bohtndl, K. O. 
Cheneverl, j. ci, 
C'oUe, S, S. 

Darling, A, B. 
Dufnuli, F, IL 
Dykes, J. B. 

V, <}, 

Fkiimgjtn, j. B. 
Korrealer, N, J. 
Freeman, E, M. 
Garneau. L. 
Hamlet. R A, 
HtHKl, L. A, 
Huglies, W. tf. 
Johnson, C. W, 
Keith, J. P. 
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1st Vice-Presidents......... Jay R. McColl 

$nd Vice-PresidenL — F. Gant 

Treasurer.,.. — Homer Addauw 

Secretary.............. u -.-n-r-T Casin W. Obert 

Council 

Chairman, Champlain L. Riley 
Jay R. McColl, Vice-Chm. E. S. Hallett ^ 

Homer Addams 


Homer Addams 
Jos. A. Cutler 
.Samuel B. Dibble 
Wm. H. Driscoll 
H. P. Gant 


E. Vemon Hill 
Alfred Kdlogg 
E. E. McNair 
Perry West 
Casin W. Obert, Suy, 
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M22 

President. Jay R. McCol! 

tsi Vice-President H. P. Gant 

£nd Vice-President Samuel E. Dibble 

Treasuter. Homer Addama 

Secretary Casin W, Obert 

Council 

Chairman, Jay R. McCoU 
H. P. Gant, Vice-Chm. L. A. Harding 


H. P. Gant, Vice-Chm. 
Homer Addams 
Joa. A. Cutler 
Samuel E. Dibble 
Wm. H. Driscoll 
E. S. Hallett 


E. E. McNair 

H. J. Meyer 

C. L. RUey 

Perry West 

Casin W. Obert, Secy, 


1923 

President 

I si Vice-President 

£nd Vice-President 

Treasurer 

Secretary 

Council 
Chairman, H. P. 
Homer Addams, Vice-Ckm. 

W. H. Carrier 
J. A. Cutler 
S. E. Dibble 
Wm. H. Dhscoll 

Casifi W. Obert, 


President. Homer Addama 

Isi Vice-President S. E. Dibble 

Vice-President ,„..WilIiam H. Driscoll 

Treasurer. ....Perry West 

Secretary F. C. Houghten 

Council 

Chairman, Homer Addams 
S, E. Dibble, Vice-Chm, W. E. GiUham 
F, Paul Anderson L. A. Harding 

W H. Carrier Alfred Kellogg 

J. A. Cutler Thornton I-ewis 

William H. Driscoll Perry West 

H. P. Gant F. C. Houghten, Secy, 


1925 

President 

1st Vice-President 

Snd Vice-President 

Treasurer... 

Secretary ... 


S. E. Dibble 

Wm. H. Driscoll 

F. Paul Anderson 

Perry West 

F, C. Houghten 


Council 

Chairman, S. E. Dibble 
Wm. H. Driscoll, Vice-Chm, W. T. Jones 
Homer Addams Thornton Lewis 

F. Paul Anderson J. H, Walker 

W. H. Carrier Perry West 

J. A. Cutler A. C. Willard 

W. E, Gillham F. C. Houghten. Secy, 


1926 

l^eH^nt .., .W. H. Driscoll 

— Anderson 

£nd Vice-President .... A. C. Willard 

Tteasurer. W. E. Gillham 

Secretary. — A. V. Hutchinson 

Council 

Chairman, W. H. Driscoll 
F. Paul Anderson, Vice-Chm. C. V. Haynes 
W. H, Carrier W. T. Jones 


J. A. Cutler 
S. E. Dibble 
W. E. Gillham 


A. C. WUlard 


W. T. Jones 
B. B. Langenher^ 
Thornton Lewis 
, J. F. Mclntire 


1927 

President 

Isi Vice-President 

find Vice-President — 

Treasurer. 

Secretary. 

Council 
Chairman, F. Paul 
A. C. Willard. Vice-Chm. 

H. tl. Angus 
W. H. Garner 
W. H. Driscoll 
Roswell Famham 
H. H. Fielding 
W. E. Gillham 
C. V. Haynes 


F. Paul Anderson 

A. C. Willard 

.—....Thornton Lewis 

- W. E. Gillham 

A. V. Hutchinson 

Anderjon 
John How-att 
W. T. Jones 
J. J. Kissick 

E. IL I-angenlx'fg 
Thornton Lewis 
T. F, Mclntire 
H. I.oe Moore 

F. B. Rowley 


H. P. Gant 

Homer Addams 

E. E. McNair 

Wm. H. Driscoll 

Casin W. Obert 


Gant 

E. S. Hallett 
Alfred Kellogg 
Thornton Lewis 
E. E. McNair 
Perry West 
Secy. 


1928 

President - — A. C. Willard 

Isl Vice-PresiderU..^ Thornton Lewis 

Bnd Vice-President,. L- A. Harding 

Treasurer. W, E. Gillham 

Secretary — A. V. Hutohinsim 

Council 

Chairman, A. C. Willard 
Thornton Lewis, Vice-Chm. C. V. Haynes 

F. Paul Anderson John Howatt 

H. H. Angus W. T, 

W.H, Carrier J. J. Kraslek 

N. W. Downes E. ft. Langenlierg 


N. W. Downes 
Roswell Farnham 
W. E. Gillham 


F. B. Rowley 


L F. Mclntire 
IL I.ee Moore 


1929 

President. - 

isl Vice-President 

Bnd Vice-President. 

Trea J 

Seeretr^. 

Technical Secretary 

Council 

Chairman, Thornton 
L. A. Harding, Vice-Chm, 

H. H. Angus 
W. H. Carrier 
N. W. Downes 
Roswell Famham 
W. E. Gillham 

C. V. Haynes A. C. WiUard 


....Thornton r.ewis 

L. A. Harding 

W. H. Carrier 

W, IC. ChUham 

.A. V, Hutrhinnon 
P, O, Close 


I-ewis 

John Howatt 
W. T, Jones 

E. B. Ljiogenlierg 
G. L. 

F. C. Mrintosh 
W. A. Rowe 

F. R. Rowley 


1930 

President 

1st Vice-President 

Bnd Vice-President.^.. 

Treasurer ..... 

Secretary..... 

Technical Secretary.... 

Council 
Chairman, L. A. ] 
W. H. Carrier. Vice-Chm, 

H. H, Angus 
D. S. Boyden 
R, H. Carpenter 
J. D. Cassell 
N. W. Downes 
Roswell Famham 

C. W, Farrar 

^ 1931 

1st Vice-President 

find Vice-President 

Treasurer.,.., 

Secretary.^...... 

Technical Secretary.... 

^uncil 
Chairman, W, H, 
F. B. Rowley, Vica-Chm, 

D. S. Boyden 
B. K. CampM 
R. H. Carpenter 
J. D. Cassell 

E. 0. Eastwood 
Roswell Famham 
B. H. Gurney 


L. A. Harding 

W, n. t'arrier 

F. ft. Rowley 

C. \V. Farrar 
...,A V. Hutchinson 
P. ih Close 

Harding 

John fbiwatt 
\V. T. Jones 
K. l\. LangetdHfr*; 
(L L. Lurs«m 
Thoftttim t cwls 
F. C, Mdntosh 
W. A. Rowe 
F. H. Kowh^y 


.W. H. Carrier 

F. B. Rowley 

W. T, Jones 

F, U. Menmng 

A, V, Hutchinson 

P, U. Close 

Carrier 

L. A. HarRilnc 
John Howatt 
w, T. Jones 

E. B. Ungenherg 
C. L. loiraon 

F. C. 

F. U, Mensing 

W, A* Rowe 



ROLL OF MEMBERSHIP 


1932 

PrestdeiU 

1st Vice-Prcsideni. 

Snd V tee- President 

Treasurer. 

Secretary, 

Technical Secretary 

* Council 
Chairman, F. B. 
W. T. Jones, Vice-Chm. 

D, S. Boyden 

E. K. Campbell 
R. H. Carpenter 
W, H. earner 


John D, Cassell 
E. 0. Eastwood 
Roswell Farnham 


F. B. Rowley 

W. T. Jones 

C. V. Haynes 

F. D. Mensing 

A.. V. Hutchinson 

P. D. Close 

Rowley 

F. E. Giesecke 

E. H. Gurney 
C. V. Haynes 
John Ho watt 

G. L. X^arson 
J. F. Me Intire 

F. D. Mensing 
W. E. Stark 


1933 

President 

1st Vtce-Prestdent 

Bnd Vice-President 

Treasurer. 

Secretary. 

Council 
Chairman, W. T. 

C. V. Haynes, Vice-Chm, 

D. S. Boyden 

E. K. Campbell 
R. H. Carpenter 
J. D. Cassell 

E. O, Eastwood 
Roswell Farnham 

F. E. Giesecke 

1934 

President 

Isi Vice-President.... 

tnd Vice-President 

Treasurer. 

Secretary 

Council 

Chairman, C, V, 1 
John Ho watt, Vice-Chm. 

M. C. Beman 
D. S. Boyden 
Albert Buenger 
R, H, Carpenter 


L D. Cassell 
F. E. Giesecke 
E. n. Gurney 


1936 

President...... 

tst Vica>President...^„ 

$nd Vice-President........... 

Treasurer,. 

Secretary..,., 

Council 
Chairman, G. L, 
0, S, Boyden, Vice-Chm. 

M. C. Beman 

R. C. Bolsinger 
Albert Buenger 

S. H, Downs 
W. t. IHeisher 
F. E. Giesecke 
E, H, Gurney 


1937 

President 

1st Vice-President 

$nd Vice-President 

Treasurer 

Secretary 

Council 
Chairman, D. S. 
E. H. Gurney, Vice-Chm. 


W. E. Stark 


D. S. Boyden 

E. Holt Gurney 

J. F. Mclntirc 

A. J. Offner 

A. V. Hutchinson 

Boyden 

E. O. Eastwood 
W. L, Fleisher 

F. E. Giesecke 

C. M. Humphreys 

G. L. Larson 
W A. Russell 


W. T. Jones 

C. V. Haynes 

John Howatt 

D. S. Boyden 

A. V. Hutchinson 

Jones 

E. H. Gurney 
John Howatt 
G. L. Larson 
J. F. Meintire 

F. C. McIntosh 
L. W. Moon 

F. B. Rowley 
W. E. Stark 


C. V. Haynes 

John Howatt 

G. L. Larson 

D. S. Boyden 

A. V. Hutchinson 

Haynes 

W. T. Jones 
G. L. Larson 
J. F. Meintire 
F. C. McIntosh 
L, Walter Moon 
0. W. Ott 
W, A. Russell 
W. E. Stark 


J. J. Aeberly 
M. C. Beman 

R. C. Bolsinger 
Albert Buenger 

S. H. Downs 


1938 

President E. Holt Gurney 

1st Vice-President J. F. Meintire 

Bnd Vice-President... F. E. Giesecke 

Treasurer A. J. Offner 

Secretary JV. V. Hutchinson 

Technical Secretary John James 

Council 

Chairman, E. Holt Gurney 
J. F. Mclntirc, Vice-Chm. . W. L. Fleisher 
N. D. Adams F. E. Giesecke 

J. J. Aeberly C. M. Plumphreys 

M. C. Beman A. P. Krats 

R, C. Bolsinger A. J. Offner 

D. S. Boyden W. A. Russell 

S. H. Downs J. H. Walker 

E. O. Eastwood G. L. Wiggs 

1939 

President J. F. Meintire 

1st Vice-President F. E. Giesecke 

2nd Vice-President W. L. Fleisher 

Treasurer. M. F. Blankin 

Secretary J<. V, Hutchinson 

Technical Secretary John James 

Council 

Chairman, J, F. Meintire 

F. E. Giesecke, Vice-Chm. W. L. Fleisher 

N. D. Adams E. H. Gurney 

J. J. Aeberly A. P. Kratz 

M, C. Beman A. J. Offner 

M. F. Blankin W. A. Russell 

E. K. Campbell G. L. Tuve 

S, H, Downs J. H. Walker 

E. O. Eastwood G. L. XA^gga 


President „John Howatt 

Isi Vice-President G. L. Larson 

2nd Vice-President D. S. Boyden 

Treasurer A. J. Offner 

Secretary «.A. V. Hutchinson 

Council 

Chairman, John Howatt 
G. L, Larson, Vice-Chm, C. V. Haynes 

M. C. Beman J. F. Meintire 

D. S, Boyden F, C. McIntosh 

Albert Buenger L. Walter Moon 

R. IL Carpenter A. j. Offner 

J. D, Cassell O. W. Ott 

F. E. Giesecke W. A. Russell 

B. IL Gurney W. E. Stark 


-...-G. L. Larson 

D. S. Boyden 

IL Gurney 

A. J. Offner 

....A. V. Hutchinson 


Larson 
John Howatt 
C. M. Humphreys 
L, Walter Moon 
J. F. Meintire 
A. J, Offner 
O. W. Ott 
W. A. Russell 
W. E. Stark 


1940 

President F. E, Giesecke 

1st Vice-President.„ W. L. Blciahcr 

2nd Vice-President E. O. Eastwood 

Treasurer M. F, Blankin 

Secretary,,.,. A. V. Hutchinson 

Technical Secretary John James 

Council 

Chairman, F. E. Giesecke 
W. L. Fleisher, Vice-Chm, J. F. Meintire 
N- D. Adams A* J. Offner 

E. K. CampbeU G, L, Tuve 

J. P. S. Comns, Jr. T, H. Urdahl 

S. H. Downs J. H. Walker 

A. P. Kratz G, L. Wiggs 

E. N. McDonnell C.-E. A. Winslow 

1941 

President .W. L. Fleisher 

1st Vice-President 1C. O. ICastwood 

2nd Vice-President j. U. Walker 

Treasurer. M. F. Blankin 

Secretary A. V, Hutchinson 

Technical Secretary John Jumt,‘0 

Council 

Chairman, W. L. Fhn.iher 

K, O. Eastwood, Vice-Chm, A. J, Offner 

M. F. Blankin W. A, Russell 

iC. K, Oimpbell L, P. Saunders 

T, F. Collins, Jr. C. Tasker 

S. IL Downs (L L. Tuve 

F. K. Giesecke T. H. Urdahl 

A. P. Knit* J. H. Walker 

E. N. McDoanell C.-K, A. Winslow 

A, K, Stueey, Jr., Bx-Ojfficia 
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